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1\L\NAGEI\IENT 1\USINFORMATION SYSTEl\lS• 

RUSSELL L. ACKOFF 

fin e.s.sumpt.iom ro~ ma.dr b¡- de:si,~ra o! muarement hform.stio:a. 
IJ"S!elll3 an idnltified. h b a.rped that thesc: aft. Dot Justi&d in maoy ("d' DOI. 

·most) casca ami ~ lead ·to cajor de.fi.e~ceiel m· the ruuJtiDc E)"$\.e:mL 

Tbe.se IISSlUDplioos Úe: (1) the nitinJ deScie:q- u.adrr 11rhith most ~ 
opera le is the laek al n:lnaot inform.atioa.. (2) tite mu.q:u Dftds tl:e iDJ'or­
m.atioa lllf' .-.ats. (3) B' • CWJ•tet hu the informatioo he oeeds hD cfecisiou 
makin& .m iulprtrrc. (C) beuu eommnnlcatiOD bet'nea ~.rs impnna 
arp.niutioMJ pnf~. &Dd (S) • m&aa.cn doa aot la.aq to aodent&D.cl 
hoY his inf'~liDD s¡ste:m -.wks. oa!7 ho.- to use iL To ~reame tbese 
R:!;SUmptioa atul the defiti:rm:ies •fücb ft:SUlt froto tJ:.rm. -e. m.sn.a.:ement. 
i.rJorms.tioa .,-st~m &bould be bu~ ÍD. a .m.e.c.s¡-eme&t rontrol ~nn.. 
A prwrc:hue ror desicniD& such a SJ'11lem ~ proposed &Dd aa exampl'e 1s c\ftD. 
oC the lJ1Jr of roz~t.roJ .-¡slnzl ..-hkh it produeea. 

1'lü. is nota p"'y on mmh. The cons"''uenteS nf clun¡;b¡; the em~h.sia <110 
1\flS from rupplyin:; nle>-:~ut infoi"Dl3tion :0 elimina~g Urelalllll .mr~ 
is cOD!ider.Wle. U one is preoccupied 'lnili Ollppl.f"'g rclevant inf~u..._ 
att<ntion is almost e:<cJu..q,-d,)· ¡;iven ta tbe generatiou, otcntge, and rrlñe\-.1 of 
ln!ormstion: bence emphasis is p!Aced oo co:clrucliog d3lo. b:lnh, ~ 
indexing, upcbting file!,= bngu.~: md ~ on. The ide:U ..-bich lu.! <mo¡;od 
from Ibis oñentaliCD is :m inJinite pool of d3!a iota vbicb • m:wa,= c:m te>d> lo 
pui1 out tmy inio~tion be tranta. U, en tbe other luod. ene Fees ~e~~ 
lnformation problcm pñmarily, bu! not excltl!ively, as one that an.<es·out·oru 
onrnbunchnce nf irrele.-:ml. informatioo, mos~ ar ..-hkb """'nol...ttd fw, !h.. 
the t"'o mno1. important functions nf an lnformalior. systcm become Ji~~;.. 
(or ...-aluation) and cond<mD!imt- The literature on lillS'a &eldew> ro;!.,. to lh­
functions let alooe co!l!iden how to ~!U1'1 them out.. 

· J )fy oxperieuoe indioates that most mo.~ I'U%Í'I'e mcch more data !JI~ 
ln!Ónnation) lh.an they can pocsibl.r ab>Orb ..... if they spend aD or thar t­
tlying ta do..._ Hence they nlrudy suffer from an irJo=tion ~.d. They 
IDus! !!p<Dd a gte3t de:>! nf ti:ne !ep:J.nLtiug the relevant form the irrelennl aool 

' oe:.nhlng for lhe 1:emrls in the rel=t dOCUJDenls. For example, I lut.ve 1~ 
that 1 recen-.: an average nf forty-three hows uf ~-cited reodin& msterial 
esch ,.-eek. The rolicittd matc:ül-is u.."ll3Uy holf aplll tm. amount. • . . The gnmin¡; ~cups~on or operalions ~h.,. and IIWlA¡em<:nt .;;.,._ 

¡ c'll mth ~bna¡;oment lnformatiao Syrtems (~llS'e) is apparmL In fact, lar 
= the de.igu or ouch syoteuis ru.. alma:st hecame synanymaus mth operatinus 
. .ea..reh or man:tsement Kieoee.. Enth~iasm for such systcms is understand­
!e: it inl"oh·es the ~erina romantic relat~hip lrith the most s-hmorou!ll 
•trument or our time, the c:omputer. Sueh onthu..<i>= is underst=dah!e but. 
_,·ertbel..s, oome nf !he a=ses ta whieh it h3s led an DOt oxcuuhle. 
Cont=; ta the impressi;, produced bY lhe snming literat>w, fe..- ..,.... 

·utqrized nuna¡;anent inforiMtion l)"rtems Jut.<e beco put mto opem!ÍOIL Of 
¡ ·!>osé l..,.e >eeD thst h:.no hecn implcmmted, most lut...-e not mstehed expect.atinus 
. ,..¡ sorne han. beco outright fsilures. J belitrre th:!.t the.e 1103l'- and fu-misses 

oould h:.ve hecn avoided il' certain bhe (S!>d u..,ny ;,nplicit) assumptious DD 

•hieh in...ny sueh .,nems h:...-e hecn uected hsd not hecn made.. 
Then: aee.m ta be five common and moneous L<sUmptious undc:rl.)ing the 

' ¿.,;., of most MlS's, each of vhieh 1 mn ..,.;dr-r • ..U!tt doing oo J 11ill outline 
: .. ~us d..;,;n proc:edure wbkb ••'Dids !bese .........,ptiollL 

Che Them llfore 

Alost 1\IJS'a """ dcsi¡;ned ou lhe s.•umptinn tht the cñtical de.licieney under 
dich most m=¡;m~ nperate is thc lacl tJf rrl=al infrmnalion. 1 do DOt dmy 
lbt most .,;,.¡;m~ bck a cood deal oC illfomution thetthey should h:..-e_ buL . 
1 do deny th:!.t u.;. ~ the mnst import.ont irJomatiorud deliciency from wlücb 
~Ley aul!er. 11 oeems tn 11111! lh:ot they sulrer mo..-a from m.n """" abu...r..- t/ 
~ i'lf11Nn111úm.. 

1 hne scen a dail.r .¡tock sbtus repol't that eonsi .. .<ta nf appnmmatdr "' 
hundred p>¡;es of c:omputer print-oue.. Thq report is cjn:uhted daily across =:-· 
ogers' desh. l've aL<o .een request.s lar 1n4ior eapital expmditures that "":"0 10 

book size, ....-eral nf 'R'bich are <futn"butiod ta maDA¡ml esch ...-.ek.. It :__D<A 
_, •oUma] a,... .. 

uncommon ror Dl3D.T ~:t;ers to recei'\"e au average w one J . 

:more. One eould go oi. and oD.. • • orol. 
Unl.,. lhe informátiou 0\"erlood ta 'l<bich manageB are sub¡ected " ,.da bt 

....,. addition:ll iofom>Atiou m:uie a\-aila.ble by an MIS C>lU!Ot be expected lo 

used dfectively.. d ta ca: 
E\-en relev""l. document.s h... no too much redundBDcy. lllost acumen __ .._ 

. h • bcst-.. 
be eoD!iderahl.r eonde!!!ed "ithout loss of con !aL lll.r pomt ere 10 d 1 
-·lups, by de.aibü:g bñe!ly an expcñn:ent that a fe..- nf my coUea¡;ues &D • 
,..... B · el nf ,...n-kDon 
eonducted on the OR literature on-eral y= a¡;o. .f ll!U>g a pan . id....S 
oxperts ..-e identified four OR articles th:!.t aU membera oC the pan.el_. "bcco 
tn be "obcn-c avmo- " and four artides that ...-ere considere<! ta be. . : 

o-. ___. ... obJecll'~ 
a~. The authon; or the ei¡;ht articles ,...,., ask.v ta prepare !>e 
euminatinus (dUr:ltiOU thirty minutes) plus 8DS1<US for gnui~ otud~!s.:.n 
,....,.. to be m¡Ded the artides for reading. (The authors ..-ereuot inl:: cd 
lhe -...ñmenL) Theu ...-eral expeñenced miten.....,.. e.sked ta Tbuce _,_ 

-r--· elimlna""" ords. ey ,.... 
a.rtide ta 1 and 1 uf it.s oñginlll length only by . ....., "' . did .,.. 
pn:pared a bñc! abstrae\ nf esch articl<.. Those ..-ho did the condcnsU>g 
oee U.e o:=minatinus lo be givm lo the otudcula. .,..ticl .,..... 

A grnup nf graduote atudeot.o ,.ha had J>Ot previously rer.d !he...,!.: tSbirb 
lhen celected; &eh ene vaD giveA k.a •r'.iel'" nwdom!1 c*cLod.. 

• 
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-m ooe oi n.S·rom .-..:siam: 100,._ 67'lló, 33%, ar ol.stmeL Eoda Temon f1l 
: ,.do .rticJe ~ read by t1ro studeu!s. AD ..-.:re g;...,., the IWile naminetjgm 
! J1¡e ·~ !iimres OD the neminetioas lref"e thm cam~ 
., Far llle above-aven,-e articlcs lh= ,.,.. no significant clill'.,.._ behreeo­

•mo&• t<:st scons fot !he 100%, 67'1<, and 33% TI!:I:Sioru, but thm: """ a 
- A;;nificant d=-...,- in ...-..-.ge I<St """'""' for !base ,-bo had liad o¡¡Qo thr 
' ohsl.rael.. Far tbe belou--annge srticles there .. .,.. no cE!icro:nce Íll •..-.....-e le4 

""'""" amonr; tbo.e ..-bo hrl resd !he 100 'l'o, 67~. BDd 33% vemoo., but tbeze 
i - a A¡;nifiamt ~ Íll annge test •cores of tho.e who had IUd ODJi !he 
. obslrad.. 

'I1Ie Dmple usod :a-os olnious\y too .,_.¡¡ for p:oa;al c:oadasiaas bat !he 
,.,Wts sbcm¡¡ly indicate !he a!mt lo ..-bich n-en .r;ood ...-.ltmg eaD be condmsed 
rilhout Jass ol inronmtíau. I zefaln llom clra..-iug llle cb-.ious amclusiaa 
- bad -.mting. -
1&- clesr tbat • • ':m:tion as -..ellas 6ltratiaa. p:rformecl m ... bonieaJ!l' 

"' othen.i.e, obould -be an .....,tia! part of an liJlS. and tbat sut:h a a¡otem 
;hould be apable of h•ndling lllllCb. il uot aD, of tbe rmsoli.c:iled .as -..ell as 
..nated inrormation tba1 a=....,..,..¡....._ · -

- ~ 

'Ibe Z.I~~ Need.s thc Inrorm.:~.tion TL.at He 1ranta 

Most J.DS desi¡;nen •cleUrmine• ..-b&t inrC>nlUtioA is ~ by as1iug 
mano¡;= ..-bat inrorm..!lon !bey m>Uld lile to h...-e. This is based 011. !he as­
rumptjm¡ tballllSilagerS mm,- ..-hat inrorm•lion lher need and ..-ant iL 

For a IXWlllger lo bunr..U.t in!'orcuüon he necl. he must be""""' of eaoh 
lype of decision he should moh (as -...11 as does) aod he must baTean adequste 
model of each.. 'l'hcse eomÍiñons a.-e ocldom ntis6ecL Moa-=-h...-. some 
~ of ._, 1=t .., "or llle ~¡pes of decisio:u they must .:.w. .. ~ 
~hem-e,-..,, are lihl)' lo be dclicient in a T"'J" cri!Xsl=y, a ...-ar tbat 
lcllm.s rrom an importm princjple of Ecien!.ifie """'"'"':!"' the less ..-e Olldu­
.. .00 a pheuomenoll., llle more Ta.ñshlet "".reqnire to ap1ain iL llence, !he 
"Wlage:r. who does uot DD<!t:stand !he phenomeuon he cim!rols ph¡s h •nr..­
and, ..-ith =pc:ct lo inrmm•lim, WSDili.O'\'l2)-thing." '1'he .MIS cles;¡;ner, ..-Lo 
has even b underst=diug rL the .-.Iennt phenomeoon tl13n the ...W,.-.r, tries 
lo pnnide e>-.n more th.m en•ythi::g. He lhtteby iD::n:a._..,.. ..-h..t is al:-..dy .., 
OTerJo.d of irreJOTant iclmmatian. 

For aemple, market·~ m ._ nujor oil eom¡nny Ollte asl:ed their 
!Dukt:Gc¡; ~ ..-1nt -.-añ:Wles they tbou:;ht """' rele.-ant m .,tiro..,.~ 

.. ~ u!cs volame cñ future RrViee 5Utiocs. Almmt P">·mt.y vañ.s.bles true 
ideutilied. The m:ul.:et re.=-d>>-"1 lhen sdded ahout lWI a¡;:sin tlús nuny 
•&ñables and pe.--formed a Lu¡¡e mulL'¡>I• line:u- rq;r=Xm ""-3lys:s of uleo of 
<ñstm¡; <lat1ons a¡;>ÍDst thse -.añal;!., atd (oUlld abcu! t!úrty-!iTe lo be 61.al.i&­
tically siguifi:=l.. A ror~ eq=tion =s b>.sed Oll !lis >-a>lysls. An OR 
tcam ""~U<-->Uy «>nstr..._-!ed a modb b:..-..1 on dy coe ol lñeso nñahl.,., 
lnllic l!ow, ,.-Jücl¡ p.u:di&d ..Jeo bdte< thao !he t!Urty-fin -.ar'.-l>!• ~ 
~ n.e """' """'.., to ~aJe~ o.~ ...-ñee atatioaam tenas rL tbe 

18-1!0. -!ZQ;&"L. AJ:Uin 

~ pen:eption _, lbe ~( of 6me 'liS bi atoppong lar -vice. 'le 
-n!e.-:mce o! ~ bu\ :.fe..- o1 tbe nñ:Wles used b)' !he nwket =e:u-chen ...,W 
be npbiDed by their efic:et on R1Ch poc:epúm. 

'1'he moru is oimple: eme c::umot Sp<cif)' wh:.t. inromuliou is reqw..d L. 
deek-iou =kmg Dlltil = ~lm7 model o! tbe decision pzoc:ess """ llar 
oystem in..-o!Ted b bem cooruur:ted =d temd. Iufomt:~.tion S)'SieDu .,. 
oubsyslems ai cxmtrol EY>~cms. 'Ihey c:umot be d~ed o.drqazl'!iy without 
bking rontrol in ~crounl. F~ tthlev-er dse n:;r=;l011 aD31yseo ._ 
)ield. they c:umot )-iold undersblldin:: ud aplan.ation of phmoromo.: TL.¡ . 
desaibe :md. &t ~ predicL • 

- Ch-e a JII....;,"Cr the lnrann.aticm He N.d. :.nd Bis iJ • ·- · · 
J\talaa: w.n 1mpnmo 

lt is frequently =wned th>1 if a m=iJ;« is pronded wilñ the inrormstioo 
he needs, he ..-:i11 tben bon no problem . in liSinr; it efiectivelJ:. The histoty ,¡ 
OR st:mds ID the<Olltr:uy. For=m>ple,¡;inmost m>=gers:>.n inifull.:lhlo•rf 
a typi..I "re:dn mothtm:>tial pnr.;r:unmiDg. Rqi>ODcing, or uetwonk problau 
and see ha..- c1ose !bey eo:ne lo :IJl optim>l solution. ll their upeñenee a.a 
jud¡meut boTe an¡- nlue tbey m>J' uot dO b:ully, but the¡- ..-:ill oeldom do m;­
,....n. In most ~ problems there ore too many pos;;ibilitiis lo aptrt 
apmence_ judgemeut, or intcilian to pmñde good guesscs. even -.ñth ¡xrlca 
inrorm:Won.. 

Forthennorr, den Sever..1 prob:.bilities.., in-ro!Ted in & probleo !he..,.. 
guided mind of eTell s mo.nager has difficult.r in ag¡;repling them in a -niid -.-.!. 
\'\"e all kno..- m=.r !lmple problems in probobility in ..-hioh untutored intuitior: 
u_qu]l_y does TeiJ' hdly (e¡¡.. lTh:lt are !he cozm:t oddo th>1 2 of 25 peoplr · 
..Iected at r:wdom ,..¡¡¡ boTe tbeir birthda~ on the S3IDe doy of llle ¡em¡. 
Foz- eumple, TeiJ' rew of !he nsu!ts obtiic.d br quwing theory • ..-bao Wnlr 
and ...-.;.., are probobilirue,. nre ob-ñous lo m:uu¡e:s; noz- u-e the resulto ol 
ñsk anoJy.is ...-hen lñe manog=" <rn'l1 .-::bjective estimates ol prolWrilili<s 
are u:sa:L a • • 

-The 1Il0I111; it is Deeess>l7 to determine how -...11 m:1.D3,....-s C>ll use ,..do! 
inromntimi. Wb.a, beouse of !he c:ompleñt.y of !he decisim¡ procest, th<:r 
ean't me it ...--.:11. they should be prorided -.ñth either deci>ion rules w pa{orm­
anao feed-b:>A:1-: so th.t tl>ey can ide:lüly and Ie:uu from tbeir nüst:Ues. Mon> GD 

uu. p.omt ht.L · 

!\Ion Com.munie:~tion ).f~m Bctter Perf'orm.3.nce 

One o:luncteñsti!: of m<><t }.nSs ..-hkh 1 hve .scen is th.t they ¡;';i;fidr 
maD3¡en lrith better C\liT'eD.t. inform.stiou about vht otber m.m3gers and thñr 
&,=tments >nd dirisions :.no doing. Underlying t!W ¡au.-'.,.hn is the bct-d 
th.t bett.. intcreep:lrtmenl!l commwúO!tiD~ enahlcs m=gers lo cooré:zu,. 
their deCsio:ls more deetively >nd henee im¡¡rova ·the atp.niut1oo'o o\-enll 
p:rfonr=ce.. Not o¡¡Qo is 1IUs oo! nec=i~.f oo, hnt it ..!dom is m. 0110 _.¡.¡ 
hanlly apcd t.... c:ompetmr; comp:u¡.Ü:s to become ,..,.., cncrpenlive bee&"'" 



1 , liWU~ WSII'TOI!lU.'nON 6Tsn:JIS ~151 
• ~ inlonnation eoeh aa¡uires abo:It"ihe other is improved. Tlüs anolog_v is not. 
j,. lar lel<:hed as one mi¡;bL first suppose. For =mple, eonsid..- the lollowiDg 
~ ,ry mucb oimplified versioo ola situatiou 1 once ran into. The simplification ol 
! ±r cose d""" no! a!fed any ol its essenti:d cb>raete.-mics. 
; A department ston: h:u two "1ine" opcntioDS: buying aod rellin¡;. Each 
! ;,.,cC:c3 is porfonned by a tep:=!e drp:utmen1. The Purcb.cing Dcp>.rtment 
! :rin=i]y controls one Taru.ble: how mucb ol ocb item is bou¡;b1. The Jllerclw>· 

. j .S-ing Dcp.>rtment controls the price at "·bicb U is EDid. TypicaDy, the me:>sure 

1 

,¡ pcrío=tt appued to the Purclusing De¡=tmem ..,.,.. the turoo= rate 
óio>enlory. The messure applied to the lien:handising Dep•:t=t ..-as gros:s 
,Jcs; thi. dopartment sought to m=imize the nwnbor ol itcm:s sold tima 

- lkir pñoe.. 

• 

1 N'ow- by examining a ~ingle ítem let U:S con!ider what b:tppens m this t:yst~ 
j The mercbandi;ing Dl8D.>ger, using lús knolfledge o1 c:ompetition and con­
• ;=pi :ca, set a price vhicb be judged li"Ould lll3..~e cross &:!les. In doing so 
J Le utilized pñce-demalid CDZTeS lor eacb type ol item. For each pñce the curve~ 
j !!!O"'If' the e:xpected ules and Talues c:in BD uppcr and lcm-er confidmce bsnd as 
¡ ..n. (Sce FJgUre 1.) Wben ixistructing the PDr"l:hsing De¡=tmc:nt how m=y 
¡ <r:ms to ....,ke avail:.ble, the merchandising I!UD.:!&er quite naturaDy tL.ced tbe 

l
. t>lue on tbe upper c:onfidence cun-.. Tlüs minimized the cbanc:es ol bis ruuning 

!hort whicb, if it occurred, vould hurt bis porfonn:U>ce. It a1so muimized tbe 
l dw>ces ol hein¡; o.-.r-stoc.ked but this vas not his to;>cern, only the purclul•inc 
: ~¡;er'a. Ssy, therelore, that the merchandising ~ru~nag..- init.i:dly sdecled 
• pnce P, and requested that amount Q1 be made anilable by the Pun:ha!ing 

lloparlmenl. 
In this company the purchasing IIW13ger álso bad 8Q..eSlS to Iba pñce.demand 

........_ Be hew the merchandising IIWlllga' ahnya ordend ~· · 

•. 

.. 
! o,l-:--4ir 

.. l---".+~>k- _"'-r,.IS ___ r!! 
,....._ --

..::_"'"ll"rr,.o ----

..... 
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Tlx:refore, JL.'<Úll: the s:une curve he reo.d .,..,. !rom Q, to the upper limit IIDoj 

do..-n !o the O.'J'<XIed nluc lrom ..-hich be obtained Q,, !he <¡D!Ultity be ..w.n, 
in tende-d lo lll:lke ~,·>ib.ble. He did no~ intend to p:!J' for the m~ 
m.:uu~cr'! optimLqn. If mcrch:m<fuin~ r.tD out of &toc.k, it lr'DS not bis tr'Oin_ 

Nov tbe n>er<bnd!>in~ nun:>~er """ infonned nbout vh:.t Iba ~ 
~~u h."ld don~ r.o he :!djusted lli pñce t.o p._ The purch:t.!~ ~-tr B. 
turn tr!l.S 1old th.at tl1e mcrch!Ulcfu.in: m:'l&l:'l:er Jad made this l'r.3.djustmeut. 10 
he pl.!ruu-d to mo.J....., only Q, >T>ibble. lf this prc :oss m;¡.de possible only ~ 
perled eommu!Üotion betn·een de¡=tments-hod been anowed to eontiD .... 
nothiog "n"Ould !un bten bought Md nothing would Mve been aold. Tlús oar. 
come 1nS :n-,idcd by prohibiliog eommunic:.tion bet"""" the t'"' departmans 
and forcin: e:t.eh to gtiE'SS '\'t"hst the othcr 'lr'Z.S doing.. 

I b:s:re obñously ruic:¡ttlJ"Cd the situation in arder to m:s.ke tbe point de:ar: 
..-ben or¡;:uñutional units have in.:lppropriate me:>sUJeS ol porfomunce ..-bid 
put them in conllict ll;th cacb other, :!S is ollen Iba ease, commmñcstirm Lo. 
meen them nay hurt organiz:ttional perfo=ee, Dilt help it. Otpni:mtioO>I · 
&tructw-e .:s.nd perfonn:mce me:Lcw-emenl must be tal:eD inlo a.c:count. bdOijr 
openii,g !he Dood ¡;>les And pen:üttin:; the free llcm- ol inlonnatlon bet....t: . 
parts ol the orgsniz>lion. (A more ñ:;orous discumon of orgujzs.tional s!nJr:toJft. 
zmd the rel3tionship ol rommuoiation to it can be roiuid in (lJJ. · 

A )lana¡;cr Does 1\ot fia,·e to l,ndc-ntand How aa lnCormatioo SptC"m 
lt" orks, Only How lo Use lt 

)los! :IIIS deoign= oeek to mili their S)Ticms as innocuous and unohtrasi'R' 
as pos;ible !o "'"""6= lest the¡ become !ñghtened. The def.gners tzy to JliO'"id. 
Jnan3qers nitb '~ e::~...o:y aecess to the system and as..cw:e tbem that thq Dl"Cii 
to l"'Dou- nothiog more about it. The desj;cers USU3lly succeed in keepin¡ m:LD­

ag~ i¡norant in this ~. Tbis l~,·es 1111Il!l&US umble to enluate the lfiS a­
& ...-hole. lt olten m>l:es them al' raid to en:n try todo so lest they displa1 lhrir 
l¡;nor..nce pablicly. In !ailing to enlu>!e their JIIIS, managers dele¡;:>te macla r4 
the eontrol ol the Olplliution to the system'a desi¡;nera and operai.Oll ..._ 
may luTO nw~y Tirtues, but msn>geñ31 compelmce is sddom amoog them. 

Let me cite & c:>...<e in poill1. A Chmman of a Bo:anl ola medium-size compll'l! 
a!ked !or hclp on the !oTiomg problcm. One ol his brger (d=tr.alizedJ clm­
sions h>d in.<t.:illed a compuleñzcd production-in.-entocy eontrol and -
faclurin¡;-nunager ~onnati011 !)-.!UD about & :rear earJier. Il lud acquind 
about S2,000,000 •·ortb ol ec¡uipment to do 10. The Boanl Chairman had .iv4 
ftecived a request !rom the Dirision lor pe.nnission to replue the oñ¡;jDaJ 
ec¡uipment ..;th newly :umouneed equipment whicb vould cost SCTenl 1""1" 
the ~ a.mounL An a:tensh·e ••justifieation" !or BO doiDg 1QS -~ 
..-ith the reques1. The Cb>irman U"aDted to know "·hetber the rec¡uesl !"'' 

really justi6ed. Be adzoitted to eomplete inoompelence in this CODilectioL · ' 
A znecting vaa ammged at the nm...;., at ,.hicb I ...-as oubjeeted to oil ... 

tendal md deteiled briding. The ayatem ,...,. largo bu~ relatinlr aimpl6. .A• 
the beoJ1. o! 11. ..as !l J"eiOI'der poio~ fa< ucb item and a. mn1imum aJigonld-

· . 
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: <ock lrvet. Reonlcr qiWltitles took load-time.., .....nas the allo..-able msximum 
1 ;.to O<COUDL The compulcr kept buk ol stock, onlered it<:!ID ..-ben requind 
,· ,.,d g<n.,..W numuous reparta ou both the state of the systom it eontron.d 
; pd it.s OW11 •actions.. . 

lll>en tbe briefing '""" O\"tt 1 was cled if 1 1-.ad &IIJ quE.5tions. 1 áJd. Fust 
1 1 a.;J;ed if, •·hen the syrtem lud been installed, there b'-11 been nuny part> 

obosc :rtock kl-el esceeded the JruLÜ!nwn amoUDl J>OS'ible undtt the .,.,. system. 
(•"" told lh= ..-ere DWIJ. 1 cledlor a lis\ ol about thirty 8IId lnr so:ne graph -

· pope<- Both '""" proñded. Tlith the belp of the system designer and TOlumtS 

, ,¡ old daiiy reporls 1 h<g:m lo plot the <~ock ~eTe~ or the ~Ust li!ted nem o= 
. titne. 'IThen this ítem reschod the z=úmum "allcm-able" stock leTel it md been 
1 '.-!cm!. 'The •ystem d.,;per """ smpñsed and ald that by abt= "luck"' I 
: bd IOUDd ooe of the fe..- enoro made bs the system. Continued plotting shou-ed 
: thol becau..<e of repe:¡ted prem>.t= reonlering the ítem md nenor gane mut:h 
¡ !do..- the =Dmum stock leve!. Cle:u!y the prop-sm ...-as eonfu.<ing tbe muimum 
' ollo=bl• stock lern and tbe renedc:r point. 'l1ü. tumed ou~ lo be the case in more 
; thol> balf ol the items on thelist.. 
· Km 1 asl:ed if they had m=;r p:üml.po.rts, emes that ....,.. only used mth 
· acb other; In< aample, mstebed nuts and bolts. They md ma.ny. A 1m.....,. pro­
¡ doc<d and ...-. bogan ebetl;ing the )'re\'ious dsy'o w;ilhdrswals. For more thsn 

li:ill ol the pairs the diffc:ren~ m the numbersrecorded aslrilhdra~ u-ere TaJ' 
' ~No ~tiou ...-as provided.. 
· Belore tbe day ...-as out it .ras I'O"ible 1: •how bs aome qWck and cfirty 

alculations tbat the ne.r computeñzed system ,..., cooting the compsny almost 
' SISO,OOO per month more Iban the bsnd system "-bieb it had replsoed. iDOst ol 

thi:s m a.cess: iunntorie:s.. 
The =meod.otion ..-u that the I!J"SSem be tedesi:;ned u quid:ly a3 P.,.. 

,¡¡,¡e and tbat the n= equipment not be authorized lor the time being. 
The questions asl:ed of lhe lystem hsd been o\;rious and Eimple ones. :um. 

"""'sbould han been ahle to ad: thcm but-eud this is the point-they lell 
, lhems.ln:s incompetenl todo 10. They ..-ould not han allo..-ed a bandoperaled 

IJ1\=I to ~ oo lar out of tbeir eoolnll.. ' . 
No ?-OS r.hould ......r be instaUed onl ... the msr.a¡;crslor ...-bom it is inteoded 

ue traincd to ....Juste &Dd hence control it ratherthan be contron.d bs iL 

A Su¡;¡;<>t..d rroced....., ror: Dcsi~o¡; an !\liS 

The entmeous assumptions 1 han tñed to rnul in the preeeding discussiDD 
1111, 1 ~ be aTOided by an appmpriate d~ proc:edw-e.. Ooe is hridlr 
oul.liued hae. 

1. AJUJ!~n. o¡ n. Du:üüm s~-

E.cl> (oral l=t eseb imporlutt) lype_of mana¡;erial doc;.;on requin:d br the 
or¡anl.tstion uod..- study obould be identilied and the rd~tionslúps bellreeb 
tkm ahould bedctamined ...,d llo..<barted. Note that this is ...t n......mly the 
.._ thmt; .. ~ "'bat docisiono CI7C modo. F": eumple, in one ~ 

l!·lS< 

P""Y I lound th::tt mske-<tr-huy decision> concenún: p>rl.! '"'"' m'sde only at 
the time u-ben a p:~rt u":l.! Ultrod11ccd intc sloct :md ~ IM:!Ver s.u'b.!:equt:DU,. 
~~-d.. For 50me il~ms ~ d~iov h.:a.d ¡;eme unre\y~ far AS m."Uly 8!' 

ttt'Clh'" 1"crs... Obrioush· ~uch d~sioru. 6hould be m:uie more oftm; in ~ 
c..~." e~·tcy time :m o;¿"er ü- ph~ in order to l!!.kc 3Ct"'unt of e~1 abap 
]O:ldinor unc!eru..c:cd c!tifrs dcl;,-en· times from npplicrs, aod w oa. ···-~:. 
~ou-f!.ov :m.'\l,.~':lTe u_-;~lr sc!.f-jU!tifying .. They oflec ~ hni->rta~ 

d.a.;on> tlut nre bcin: n:ude bs deloult (•.¡;~ the mske-buy deci.ion re!~ lo 
aban), nnd they disclooe mtc:rdcpcndent dec;.ions th::tt are belng m>de ¡,. 
dependenth-. ~.fi,... ebsrls lrequently •u¡;:;est ebsnges in ""'~ 
responsl"'biJitr, m¡;:uüzsti:mol stru<lure, and l!le:lSUTe of J'Cflo=ce ...-bicb OD 

CO!Teel tbe types of de5cieDcies cited. . 
. Deci.<io:> nnal.-.es on be conducted mth T:u¡in:¡ de;¡rftS of delail, that;,. 
th..- moT be'an~"lTbere fro:i> c:o>ar.;elo fine ~ed. H= mueb detoil one ohoald 
~. 'involnod mth d.;..,ds on tbe smount of time and resources that -
&Tllihhle ror the anal¡$. A!tbou;h praet.icol coasiderations lrequentlr restrid 

. initial ansl:!'RS toa particubr o~tionaJ ltmetion, it is prel=hle lo perlocm 
a couse :~nsly!is of all o[ ~D orgwiution'a managerial funeúons r:Lther thaD • 
fine a~ly!is o! one or A !'.Jbsd. of funetions.. It is easier to introduce fina' iD­
fonn.t.tion into an i.cte~ted iD.formation system th:u:t. it is ta combine. fine~ 
s¡sUms intO. one int.;..ted system.. 

.t • .An Ancl¡¡.U OJ lnformalion R=iuircmc.U 

>.Iansgerúl decisi.;.,. c:m be c:hssi6ed into three tlJ>eS: 
(a) Dec;.;ons for ..-hieb adequ>le modelo are a\"1uable or cm be eonstructal 

aDd lrom ..-lúeb cptinul (or ne:u- optimol) solutions C8ll be deñ.-..1.. la oudo 
= the deci>ion process itseH sbould be inc:orporated into the lnl~~ 
I!)'Eiem thereby CODT<rting it (at le>...<t p:utiADr) -to a cootrol syol""'; A d~ 
model idi!Dtlfies ..-bst lnformstion is requited and bmce ...-bat lnlor=tiGO 
is relevant. 

(b) n..;.;ons lor ...-bicb adequate models can be c:onslri>eted but lrom ..,¡,;,¡, 
cptinul rolutJAODS onnot be extr.:u:ted. Here """" kind or -heuri.ctic: or ~ 
pl"'<edure •hould be prorided --= if it eon.<;Ís\a or no more thso comput~ol 
t.rúl and error. A simubtioo of thc modellñll. a.s a minimum, pe:rmiL com¡u.n•• 
of pTO!>O'ed alterna!h., solutions. Hen too the modcl •pocifies 'll'bst in!O.Ftioo 
is requiml . .. - . 

(e) Decisions lor ..-bieb adequote models =ot be eonstructed. ReSe=lt " 
rrq,uircd htre to determiue ~tut information is relevant.. U dccision ~ 
ea.n.not be dela,·td for the comptetion or such rr:se..a.rch or the decision'a eflcrl .. 
not lar¡:< enouih to ju,"tiis the cos~ of rn=rch, thtn judgmenl mU5\ be~..,)~ 
"gu=" .rbst lnlonnaGon is rclennl. It mAJ be po<Sible to m&l:e "'l'licil , 
implicit model used by the decision nuker and trest it as a mo:lel ?' l!J>C ~ 

Ia"=h ?' these three types ol sjtuatio~ it is ~ to provide ~ <1 

by eompumg octusl deelsion out.eomes ..,th !hase pn:dieted br the -
d.ci.inn moker. Eaeh dccision t.lu.t il m&:le. al~ wi~ ita predicted OU 
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• 
; I.Duld be M essen Uo.l lo pu\ l.o a nwut=en\ ¿,nln>l I)"Siml. 1 alWI rduns 
! ,. thls poÍD\ bclo1f. · · ·. . . 
1 • • 

: ¡_ /.w~oJi<m OJ De~ . · . · . 

l 
Drcisions mlb lbe ..,. gr hr¡;rlr gnrbpplng inJ'grm>lioru.l r.quircn:Dil 

1!>oul!l be ¡;rouped lc¡;ether u a •in¡;le m,,,.,,, •• U.k. This ,..¡¡¡ redu"" th~ 
¡ ;Jorm>lioo 11. m>o>~tr I<quires todo bis job 11.tid is lik.I,r to iD=• bis. UDdtr· 

1
9Ddin& ó! it.. This =y Ieqwre a rror¡;nn!Istion of the s¡slem. Enn if >ueh a . 
>'Ot¡;aniatioo t.:IJ\DOl be implemented comple!.<:l,!' n-ht UD be do~• is lil:tlr to 

J :>;ro,·e pcñormnoce •igui.li=Ur a.Í>d rtduce !be inJ'ormr.lion Jooded 011 Jla%>. 

1 

1_ 

• 

• . l 

• 1 

·~ . -1 

1 ~ Duign OJlnformoJi<m Pr~ng . . ·. . _ : '. . 
·, 

· 1' ·J\o'R" ÜJe prorcdure-lor coUC'Ciin:.storing. Rlñering, and trclin¡; inlorm:Ltioo. 
! Cll be dr:!1~oed. SiDce thore is r. \-olUIUÍDoU> literoture w this subjed I slW1 , .• , 
: nn it at tbis ucc¡¡l for one poiDL Such a •yslem muot not only be.able to 
j s=n que>tioos sddrrs.ed to it¡ it >bould al>o be oble lo anst~U c¡cHtio:u wL : 
. bu Dot bceo a.~ed by rtportio¡; ony devü.tions !rom Dpcctotioos.ÁD utensln , :~j 
j_ uc<plion-repoitin¡; !J"$10}11 iJ nc¡uired.. _ . : ~ 

1
1. Dui"" O/ Control OJ T11z Control S~ri= · 

11 mw\ be =umed lb>! the ·sr-tcm th>l is bein: d0>':;ned n-ill be de6cient .. 
1_h l'll!l). l.lld r!:;ni!iciot n-:t.¡s.. Then:rore it is Dt«'!!5.ry to id~oti!y tl\e w:s.ys in 

· . l•licb it m> y be dcficiest,lo dC<iGD p[Cl<edures for detecti:>;; its c!eficir~cios, aod _· ·¡'_ 
~ lar correctin:: tbc S)"lltm so os to rtl'DO\"t or rc:duce tbt.ma HcaC'C the ay!lun ·. 
l t:o:!ld bed-.ii;oed lo be fle:u'ble and adoptivo. n,;. is lit! le more tbooa"pbti!ude, . :! 
~ brt it h'\S a nol-!fH)bli~us impli~tion. ~o con1pletely co:nputeti!td systei:D. ¡ 

l
. =k r.> llr<ible and r.¿opti~• as e>tl a =-mochioe •yst<m. This is illwtl':lttd 

b¡ a cono!udiu¡ c:.um¡¡le gf a system th\ iJ be :O: dcYe!ored aod is p>rlWly iD 
., c;><:>tion. CSee F'll;ure 2.) · 1 . 

. Thecon:p,n¡ m\·oh·ed lw its nurl:<t dirlded iDto appro:úu:stely.l•·o bundred 
1 c::htü:: azeos. A model ror r-cb h ... been <t'DSirocted .... ia "iD" tbe computer. 

,.~ 

• 0.. th b!..!is gf <o:npelhi,·e ititelli¡<oce oup¡•lied lo" the Knice u:.uketin¡ ·:_, :, 
tllu¡u by nurl.:clin; ·resca.rchtrs &nd ini'orm:lti:oo !j-'ct'hli!t! br :md his alsl 
ble roticy dC'Cisio:u for "c:h MU t:tch mo:1U1. Thetr teot~ti~e dcd.:ions ~ 
lo:! ir;to the cornpulcr a hicb yicld> S ro:ec.ut gf C>f<'<lN ¡>trfo:m.~noe. (ñ,n,cs 
trt tnlde unlil tbe upectsliollS mslch ..-ht is de;ired. Jo tbis n·o)'tbey orrh"e 
al •li.ooJ" dcclsioos. At the eod <>l the mooth lbe compulrr con1pores tbc od.W 
ftrrform:~nce of tlch :uu 1\ilh l\·}¡3t lDS.p:Midtd. Jr a dcri:lliOD Uct\."<<J •·b\ .. 

• oould be apceted b¡ e!un.,.,, the compoo¡'a OR Croup tbcu sccks_ the =sor . 

. . . .. ,. 
B-1.58 -·:. \ 

\ ~·Jit1SSEU. L. J.C!:OI'J' 

• "OPO-St.D P1:11.US 
IU.Rqfllrfl (\'&lU.lT(O P~OSALS IU'IIt~T A~U 11(-ort'. 

., . 
.,&I;ACi[W[KI' 5[L(U[l) POUC'Y l«OO[LI 

C.OWPa~ 1 
ICOU f'UT U 1 '"!"OICTU tCOKrutr•a 

O<lti'OIIE ~L- .. 
!? w IH~.ancN a INOulAICS 

.. 
~ ;¡ ~. e 

S ..1 • . ~ ei ~ o a ' o ! t&T& •O 
~ . gTI<tJI 2 "'• ; 
~ • & . 

SOVRCtS .. 
• 

1 O>TA l 
. 

II&AilL1' OP[RI.TJO...S CO'WIT.Mr.IS 
r."ff'OAM.&TKlN 

ll'fFOAlUTIIDII Rtst&RCII srsrc• . 
••OUP . -. 

2 .. . o .. ¡¡ ;¡ o . 
" 5 

D.&.T& a o 
•o ! 
~ ·. . ! G .• . 

rano DAT& &CTV.IL l'tRI"OC-
snutca UAII.U.T . 
'""<E . - •ttUS 

FIGCBE .2. Simplilied dio¡r•m or r. marltet·area C<>Dt.rol ayot[OJD 

a~ove, three groups !hould coDaborate; informalion IS)'&tems speci:ilists( opr; · 
ahons rcse:u-cb.ers, ond martag~. Tbe pllllicipation of marugers in tbe design d 

. a ~ystem ~at ~ to serve t?em, _a;.;ures tbeir ability to evaluate its perfol'tll&llr• 
hJ .compllrlng 1ts output w1lh wbat '~:1s predicted.li:JDagem who a.-,. ~ot williL.: 
to m''est some of their time in tbis proce.ss are not likely t,o USe a ~em~ 
control system weD,>and tbeir IS)'Stem, in tum, is likely to abuse them. 

• RJercaee 

1. ·S..-:<G.un.a., S. S., .&ND Ac.z:orr, R. L., ''Sya~mi Tb.;;.,. l;.,m ..,. OpeBtiooa Reoeanl 
l'o1o\ el Vi....-," IEEE Tra"-""'Iio:u cm Syolmt ,<;.-irnce =4 ~emdiu, Vol.l (N .. 
1965), pp. 9-13. 

1 far tbe deTiolion, ~rformin; as much rc!c:ud. o.s is rcquircd tO lind iL U tbr 
buse is rouod ¡g bepezmsnc.ot the computeñ:Cd roed el iJ:.djwted ~ppn•¡ni:>tcl)o. 
'ne tesull iJ 11n adsplin nun-IN><hlne I)"Stesu ·,.bolo procisioa &Dd gc.ner.Wt,y 

. ' 

h oguliououslr loc.r=in¡; mth use. . 
r~·it shocld be ~~el<!! lhst in C&lll"izl& .,.., the da.i¡D ~~~Leal 

. . . -· . 
. "" • f 

--·, ·. 
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Why restrict the modelling capabiiity 
of codasyl data structure sets? 

by CHARLES W. DACHMAN 
Hunt)tt'l'llltifurnudimt S.'illf'ml 

Blllcric:a, Mu•ww:huw:lll 

ABSTRACT 

Scvcrul lssucs hnvc bccn rni<cd conccming changos to.the 
capabilitles of the CODASYL Dala Dcscri.ption Lunguage 
spcé:IOcutions for d:~tu struciure seiS. The paper argues 
agalnsl ncw rcstrictions suggcsted and. for removal or 
cxisling restrictions. Thc lssues are: 

allow recursivo sct dcclaration 
kccp muhiple mcmber declamtion 
allow ahcrnutc owncr dcclarations 

Thc conccpl or "rccord·rolcs" is introduced lo justify the 
nccd for lhcsc cnpabililies. Thc cxpanded capabilitics de· 
scribed olfcr an nhernate mcans of achieving the same end 
resuh wilhout thc ncod to introduce the "record·role" into 
the CODASYL Data Dcscription Languagc, 

INTRODUCTION 

Thc conccpt of data structurc seis has bccn w011 cstablishcd 
through the publicity and use of 1-D-S, thc Honeywell 
lntcgroltcd Data Store systcm. ,_, In reccnt years this con· 
ccpl has becn adopted by thc various CODASYL commil· 
Ices and imbcddcd in the CODASYL Data Description 
Langua¡e' and lhc COBOL Data Manipulation Language.• 
A numbcr or hardware and sortwarc supplicrs havc imple· 
mcnlcd thc data slruclure scts. of thcse languages (DDU 
DML) as pan of lhcir systcms. Thcy includc: 

JDMS 
1-D-S 

I·D-S JI 
EDMS 
DMS 1100 
PHOLAS. 
PHOLAS 

(Cullinane ror lB M 3601370) 
(Honeywcll GE200,. GE400. GE600, 
H6000) . 
IHoncywcll for H66, H64) 
(Xcro Sigma 617/8) 
1 Univac for Univac 1100 Series) 
IPhilip< for Unidata 7000, PJOOO) 
(Siemens for S400l) 

Othcr implcmi:ntations havc bcen reponed ror CDC and 
DEC. . . 

The capabililles of the data slructurc ocl, as dcveloped llil 
· 1·0-S and now denned in both the CODASYL DDL and thc 

COBOL DML, provide for scl-lype declaration• which: 

(1) rcstricl thc record type dcclarcd as owner lo bo' 
dllfcrcnl from any of thc record types dcclarcd u 
mcmber. · 

(2) pcrmit dcclaration or onc or more record lypes 10 
serve as member rccords or an occurrence or a scl 
lype, and 

(3) restricl lo one the numbcr of rci:ord types which ca11 
be dcclarcd lo serve as owner rccords of occurrcnccs 
ora set type. 

THE P'lOPOSALS 

· This paper is a rennemenl or a worklng paper wriuen ID 
response lo an assignmenl accepled atlhe IFIP·TC2 meel· 

· ing on Data Description Languages held in Namur, Belgium 
in January 1.97,, Ther:e were three closcly relatcd proposals 
ror changos lo the CODASYL DDL discussed at thal 
meeting. Thcso proposals relate direclly to three points 
enumcrated in lhc prior paragraph. Assignmenls werc givea 
to defend a numbc:r of such proposals. Thc proposala 
interrclated and my working papcr treats thcm as a single 
concepl. 

Thc nrst proposal, whlch was unanimously supponed al· 
lhc meeting, was lo remove the restriction thal lhc record- ' 
type dcclared as owncr could not also be one or thosc 
dcclared as mcmbc:r. 1 stron¡¡ly concurrcd 10ith lhis prO, 
posal as a removal of an unncccssury rcstrictlnn. 

The sccond proposal .was lo add a restrictlon ihal ónl)r 
onc rccord·l)'pc could be: declurcd as mcmbcr ora panic:uo 
lar sel-lype. This proposal rcceivcd mixcd •uppon. 1 

· slroncly dis.1grccd with this prnpo5al, for cssentially thc 
samc rcasons thnt 1 •uppon thc firsl unci third proposals. 11 
adds an unncccssary rcstriction. 

69 . 

The third proposnl was lo remove lhe restriclion lh:ll 
only one rccurd-type can serve as owncr ora panicular ><el• 
lype. This prop<>s.11 rcccivcd scnnt allcn'tion. The mcetins 
did not uprcss an opinion on the subjccl. 1 stroncly 
rccommcndcd it, · as 1 ha ve done to lhc DIJTO al lcasl 
se ven ycars .aso. h is the rcmovnl of a rcstriclion. 
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ARGUMENTS 

Therc nre ..,veral ar~umcnls for pcrmitting a scl-lypc lo 
pcrmil the record-type declared •• memhcr lo be the samc 
as thc rccurd-type dcclared as owncr. Therc is a specilic 
nr&umcnl whi<h will be lrcatcd lirsl and lhen a general 
or¡:umcnt which rclales lo nll threc proposals mcntioncd 
earlicr. 

Thc srccilic ar~umenl trcals lhc necd for trcc-likc dala 
structur.es. caaalogucs. org,nnizalion 5lructurcs. nnd. parsing 
lrccs. For the<c struclurcs, it is neceuary lo support 
recursivc seis. which pruvides the cup;ahility to build trces, 
with hranches which ha ve hranchcs. wbich havc branchcs; 
etc. An cxilmpk of lhis is illu"'r•tcd in Figure l. 

lf all thc slrai~ht lines in Figure 1 are considercd to be 
"branchcs.'" thcn this •lructure can be built with a single 
record typc: und a single sct-type. Howcver. thc mcmber· 
ship of thc ""branch" recurd-typc in thc "fork" sct-typc 
must nol he n1andatory. A record dcclarcd lo be as the 
IOWC2il lcvcJ hranch is Ócvcr D mcmbcr Of a urork" SCl• 
occurrcncc. This spccial hranch is ch:~ractcrized as the 
trunk. Figure ~ is a data structurc diagram• which illustrates 
the branch.'fork structurc. 

In this <lata structurc' di:~gram, the "fork" sel-lypc is 
illustral<d witlo a brokcn line. mcaning thal lhe "branch" 
rccord-occurn:nces are somctimes mcmhers of it. That · is, 
they are mcmhcrs if thcy are nol lhe "'trunk" branch of the 
tree. Note thal all hranch record-occurrences, whether or 
not they are the trunk, own "'fork" sct-occurrencc wilh 
zcro, one. ur mtlre suhordinate "'branches .. rccords. 

The thirtl Namur proposal. which suppons allemalive 
owncrs in dura structurc scts. would pcrmit the trunk 
branch lo be trcaled us a distinctly differenllype or cnljty. 
Figure 3 is a rcdmwing or Figure 1. 

lt illustratcs a lrce with one trunk and many forks and 
branches. \\'hcn lhis is dr\lwn as a data 1iilructure diagram. 
the illustr.ation uf Figure 4 is developcd. This slructure has 
sorne ndvomtagcs. 

The ""hroanch" record-occurrences can now he 1reated as 
mandatory mcmhcrs of lhe "fork" scl·lypc, i.e., no 
branches are no:lling in lhe air. This can be vcry imponant 
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from a naming polnt or vlcw, ns each branch necds • nekl 
for its "'branch name" while the trunk docs not necd such a 
name. Branches are frequently named with an aniculatcd 
grammar. All ihc branch name• at a single fork of the treo 
musl have unique local names. The higher level branches 
(i.e., lhe branches whii:h are fanher from the trunk), aril 
uniquely named by concatenaling their unique local namci 
lO lhe tree unique name of thc brancb immedialely bclow, 
This is expresscd be)ow in BNF (BackuL'N'auer/Form) 

(branch-name):: a (characlcr-strina) 1 
·. (branch~name)(aniculation-charactcr) 

(character·string) . 
(character-string):: a (character) 1 (characler-strina) 
(chnracter) 
(character):: a a 1 b 1 e 1: ...... 1 z 1 O 11 1 ...... , 19 . 
(aniculation-charactcr)::aany symbol which is nota blank 

or a character . . 
1 

In our informalion .systems toda y, thcre are many dam­
ples or tree struclures. In cntalog (lile) systems, wc fin4 

Trae 



' dircclories . of dlrcclories of direclorics of. , • of namcd 
mra: in corpomlc or&unizulions wc find companics which 
h•ve dep•nmcnls, which h:IVc dop:onmcnls, ele. Figure 5 ls 
• d:~la s1ruc1urc · diu~mm which illu•lml~slhis.. · 

This uample illuslrolcs a •pccilic nccd for lhis lypc of 
,~ryciUrc nnd suppons lhe · propos•l. Sorne will argue lh•l 
1his is an incorrccl upprouch lo lhc fundamcnlal corpomle 
,,r~:mizalion s1ruc1Urc and lh:lllhcy ure rcully hicrarc~ics of 
diffcrcnl t)'pcs o( ~o~rg;lllitational·unils. At onc time. the 
General Elcc1ric Cump;my had a wcll dcfincd hicr:trchical 
<>rganizalion slruciUrc which is illuslralcd in Figure 6. 

lf you wcrc a "sc<lion" manager, you kncw cxacliy 
wh('re you wcrc in thc: manilgcmcnl, hicrnrchy. This is an 
usicr slruclure lO handlc manually lh:on by compuler ••• 
pc~plc did nol gol qui1e us upse1 whcn somcone ahoughl il 
•ppropriale for a panicular "unh" mnnnscr lo repon di· 
rcCIIy to a --scction'' or ''dc:panment" mnnilglr. )( this 
orcnnizulion SlruCIUre were dcclarcd lO nn 1:0-S dalabasc 
lyslcm wilh lhe s1ruc1ure illustraled in Figure 6. lhcn no 
--~~nit" could dir~ctly report to a ···sec:tion"' or ''dcpart­
mcnt", it would ha ve to be assigncd to a ••subscction."' 

Íñc proposal lo supporl nhemotive owner rccord·lypcs 
for a single sel-lype should be acccp!ed bccause. il is useful. 
11 ·does nol rcquirc lhal lhe database adminislralor use 
d!her !he slruclure of Figure S (allemalive owners) or 
Fi¡¡ure 6 (unique owners). 11 shouid be supponed becousc i1 
a.llows each allminislralor !he choice. · 

The more ¡;eneml arsumcnll for !he suppon of allemalive 
owner record·lypcs ·rur a seHypc, also suppons lhe need lo 

·-· rclain lhc capabilily for muhiple membcr rccord-lypcs for a 
scHypc. In an informalion syslem, real world enlilies are 
represenled by records. Thesc cnlilics are clauilied by 
enlily·lypc in order lo facililale lhe processing of dala 
conccming lhem; Funher, ellch entily-lypc may ponray 
severa! concurren! roles or behavior paucms and sorne· 
times lhesc roles ore shared by other dislinclively difrcrenl 
enlily·lypcs. For example, a person, or a company, or a 
¡o~emmenlal unil may serve in !he role of "employer" of 
pe~ple, and as an ··owner" or propcny. Wilhin such a 
designaled role, lhc record·lypcs rcpresenling !he enlily· 

' lypcs should be capablc of beíng !he owner or mcmbcr of a 
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scHypc· which ls role rclal~d. and be lhcholder ora field . - ... 
which ís role rcloled. Figure .7 is a dala slructurc diu¡;ram · 
which illus1ra1es !he employer role playcd by pcrsons, 
companies and govemmcnl uniiS. · · . 

To model Ibis ·struclurc, ·.ii is neccssary lo declare the 
··person" record·lypc, "company" rccord·lypc anc! "sov· 
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crnmcntal unh" rccor~·lypc such lhul all are ablc lo 
assumc lhe rule or owner or lhc ··cmploycr-employcc" 
sc:t. 11 i5 ncccs~ry to declare 1·he ''person" rccord·lypc: as a 
sometimc sct member, "somelime.'' sincc all persons are 
not ncccssnrily c:mploycrs. 

In thc case or a per'<>n who is self-cmployed. lhc same 
''person"' recofd Wlluld be the owncr und .mc:mber of the 
samc occurrcncc ur th< ··•mploycr-cmploycr'' set. Bolh 
lhc ahcrnulivr o"ncr (prop. 3) and recursivo sel (prcp. 1) 
proposals would necd lo be accepled lo suppori lhis struc­
turc. 

Thc readcr shnuld ~lance back lo Figure 6, onc or lhc 
possible mcans or implcmcnling lhc or¡:anizalional unil 
aspecb ora corpunatc slructure. Givcn this sllucturc, now 
im .. ginc how lhc or~aniZ:llion-lo-cmploycc rcl .. lionship 
would have lo l>c h"ndlcd. Each t>r¡¡.,niz:•lional record, 
from lhe "corpnmlion" record through lO lhc ."unil'' 
record, musl be al>lc lo h"ndlc lhc role or cmployer. All 
seven or lhe org.•nizalional records necd lo be declared as 
altcrnative owncr lypcs to lhc ••orgnnil.Oition-employcc" 
scl. Figure 8 illustralcs lhis cxlension lo Figure 6. 

lf OhC llSSUffiCS lhlll C"Ch of lhe URils RCNS lO haVC a 
manager. who is a pcrson. lhen CiiCh Üf thesc seven 
&.lr{wniz;.tliomll unit role r~cord·typcs must ulso bC dcclared 
as a mcmhcr in lhc "man .. ged" Sel. Thc support or lhe 
"man.,~c~" set givc• an cxample or lhe uscfulncss of lhe 
abilily 1<' dccl:u<d mulliplc rccurd·lypcs ns mcmhcn of lhe 
same sc.Hypc. (Prop<>s:tl ~). Fi~urc 9 iltuslralcS lhe further 

1 exlcnsion or Fi~urc 6 lo includc the "mnnagcr­
-organizt,tion .. set. 

RECORD-ROLE CONCEPI' 

For lhc lhcorclkians (and il is lhcy who have lar~cly 
nr~ucf.l for rcduc.:ing lh~ numh..:r of mcmll~r rccunJ-typcs 
dcclt~r.thle for a· ~eH y p.: lo une. omd k~L·pin[! lhc owncr 
typc!i dccl:ual'llc lu llO~o:) lhe in1rulluc1iun uf thc ··record· 
role'' cunee pi mo.y 1-lc of ~rC"al impurtancc. Thi~ is hccause 
lhcre will be no ttrgum..:nl from thc pm~titiuncrs ovcr 
having only une rule llccbrcd ••~ lhc uwncr of n t.iCI·typc 
amJ only one role ~ok·cbrcd ;¡s rhc mt:mhcr o( sct·lypc if 
nllcs hccumc dcdar:1hlc cnlitics. Furthcrmor.c. thc owncr 

and thc membcr declaralions could be reslricled lo be 
dirTcrcnt .. rotes." ~· 

In lhe work DI Honeywell lnformntion Syslcms on this 
subjecl, lhe word "record-role" has bcen used lo charac­
lerize lhc role concepl inlroduced al>ove. The rottowln¡ 
definilions npply: 

• A .. rccord-occurrencc'' is thc d.atabasc rcprescntatioa 
of a real wortd entily. 

o A "'record-role" is a deelaraliun of the a colleclion ~r 
lhe prop;,rtics (fields and seis) which a rccord-oecur­
rence may represen! on bchal( or onc role or a reol 
wortd entily. 

o A "record-lypc" is a declaration of a eolleellon of one 
or more record-roles which a record oecurTcncc may 
rcpresenl, while roles are all played concurrently by l 
real world enlily. 

o A "rccord-class" is lhe collection or all record-occur­
rence ora particular rccord-lype. A record-occurTCnct: 
is always in only one re~ord·class, defined by a record-. 
lype. 

• A "role·class" ls lhe colleclion of all rccord-occur­
rences ora particular record-role. A record-occurTcnce 
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ls in onc or more many role-classes dcpcnding upon its 
rccord·typc declaration. , 

•' A ''role-oceurrence" is a subdivision of a re~ord· 
occurrcnce which is the representation of that· record­
occurrcnce pla¡·ing one role. 

This distinction between record-role and record-typc has 
not been made in cxisting dat .. hase systems. While a record-· 
typc may havc represente<! severa! record-roles, there was 
no mechanism or sharing !he record-role dcclarations be· 
tween two or more rccord-typcs. lñus thc same fields and 
seis, relativc lo thc role. had tu be muiJiply declarcd, once 
for each record-typc which playcd the role. Thisled to the 
requircment for multiple mcmbcr dcclarations and ahemate 
owncr declar•tions for seiS. 

With the record-role conccpt, the dcclar:otion or ficlds, 
¡roups and sel5 are all as.ociatcd with the record-rule 
'eclaration. Field may be acce"cd using field-n.,mes which 
.re qualified by rccord-role-name r.llher than ·record-typc· 
names. Sets are onlcred by role dcclarcd fields. Sct owner 

· sclection is t."ed upon role dcclarcd lieids. Record uccur­
rcnces of diiTercnl rccord-typcs coexist wilhln the same se! . . . 
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lypc as owncrs or membcrs whcn thc rccord-typcs sh"re 
the 111me record-role wilh the dcclarcd function. 

In lhc papcr "The F.v~>luti<ln or Data Structures, "' lhcre 
wns ,¡ sequi:ncc or d"'" structurc di"Jlr•mil whkh were u sed 
to illuslrulc thc pn'llrc••ivc lntruducli~>n ur ncw meta ol>­
jects und new inlcr-uhjccl rclntiunships inlll data •tnícturing · 
cnpnbilities. Thc firsl IWO uf !he follo" ing lhrce dula 
structurc dia~rnms are rcprintL-d from that n!liclc. Fisurc 10 
illustrut.:s. 1hc mela cnlilics: rccurd. licld. ~ruup. o"·ncr. 
membcr nnd d"t"·structurc-sct, where thcrc m"Y be nn 
unlimitcd numbcr .. r mcmbcr rcc<>rd·typcs 11nd owner re· 
cord·typcs dcclaruhlc r,,r u •et·lypc. Thc dinsrum of Figure 
10 is the meta ohjcet structure which 1 recommcnd · to 
DDTS nnd have recommendcd und uscd fur a numbcr of 
yenrs. 

Figure 11 is a simplilicndon of Figure 10 where the 
restrictions or a one uwner cnlity-role and a one membcr 
entity-rolc hnve becn pl;•ccd on thc sct-ly¡>e. The sct-owncr 
and set-meníber meta cntitics ha ve been. mergcd wíth the 
set-typc meta enlitics. as11hcy exist on a 1 : 1 : 1 basis. This 
yiclds the rcstricted structurul cnpability which wns recom- . 
mendcd by sume or t~e uitendccs. at the Namur 
Confcrence. ·. 

The d.118 structurc diagm~ or Figure 1l introduces lhe 
meta entity "record-role". In thi• structure, the "record­
role" mela entity has displa~ed the "record-typc" meta 
entity In its direct rélationshi¡i to !he set, group and fieid. 
The record-typc conccpt is nów atthe side, associatcd by a 
declared rclationship with one ~r more ""record-roles". 
· "Record-role" dcclamtion m•;y be ass<iciated with one or 
more record,typcs. From the viewpoinl of thc set-typc, ' 

· there is only one "owncr" record-role and only one "mern­
ber"' record-role. This lits more e;..ny into the viewpoint or 
both the relational model and the bata lndependenl Acccss 

' 
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Model. However. the requiremenls of the real world which 
we wish lo modd can be satislied •• euch real world entity 
can be rccognizcd ncting in onc or more roles and ils 

· record-occurrences are combined with thc dcclarcd role 
occurrcncca. 

Al this tim~ 1 hnve no lnterest in trying lo introduce the 
.. record-role .. C<'"""P' into existing data dcscription lan-

1 ¡:unges and data m;mipul;llion lungungcs. Rlilhcr, J wish to 
providc the ratiunolc, within thesc lnnguuges, for. 

(1) recurslve scl-typcs, 
(2) multiple membcr set-typcs, and 
(3) multiple owncr seHypcs 
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which provlde an altemate mcans for achlevlng lhe objcc. 
'tives. achleved by the record-role concept ~·hile remainlna 
wlthin the limitations or the prcsently uvnilable meta entl· 
tics. HowCvcr, thc cvcnluul inlroduction of the .. record• 
role" may be the unifying factor thal we scek • 

The data •tructure diagr~mming tochnique has bcen U• 
tended 10 suppon the conccpt of reruid-rolc. Fi¡;ure 13 ls a 
redruwing_ of Figure 7 with focus "" the record-roles of 
employer and employee. . 

They are illustr.ted by thc two hexagons so deslgnaled, 
The record-typcs with which the roles are associated' are 
designated by lhc background boxes. The employer role ¡, 
pluyed by thc company. pcrson and govcmmentol-unil 
record-typcs. lf classical data structure diagrams w.rc 
lhoughl to represen! record-lypes and the rclationshi¡os 
between them, then the new diagrams illustrdtc record­
roles, lheir associations with record-typcs and their rela­
tionships with other record-roles. Record-roles are illu<­
lrated by hexagons and lhe bnckgruund boxes nnme lh~­

record-lypcs which play lhe role. Each record-typc ;,, 
considered to hnve one or more roles. In lhis exnmplo 
''pcrson/'. ••company" and "'govcrnmcnl-unit"" are thc. 
rccord-typcs ... Employer" and "employce" are record-· 
roles.· A complete dala slructure dia~rnm wuuld show encb 
rccord-typc once as a box on lop of a s1nck of hexagon•. 
Each hcxagon represenling a record-role pla)·cd by tht 
record-typc. 11 would also show each record-role, once as a 
hexagon al the top or a slack of bo>r\. Each record-lypc 
would nppear once more as a backgruund box behind eneb 
record-role it plays. Figure 13 is thu• an incomplctc data 
strurturc diagram as it shows lhc rccord-typcs playing each 
record role ·but docs nol gruphically illuslrale ench. record, 

Empioyer a·nd employee Record•Rolea 
(Gata structure ~iagraml 

1-unlt 
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set 
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l)'pe wllh hs record-roles. Fi¡:ure 14 llluslrales each record· 
lype whh 1he record-role lhal 11 plays, Thus mosl old dnla 
olructure diasrnms .. n be considercd as bcing exnmples 
where the record had only one record-role. Thus no role 
factorin¡ is necr.ssnry. Ir ultemallve owners or muhiple 
membcrs ulst in those dia9rnms, then lhc record-roles for 

~ lhem has nol yel bcen faclorcd. Thc imponnnce uf the 
record-role conccpl lo data structure dia9rnms may not· be 
immcdiately obvious al the first comparison or Figures 7 
and 13. Howcvcr, considcr the following nnnlogy. Ir identi· 
cal programmlng code appcnrs in . scverdl pnns of a com· 
putcr program, il is common lo factor this code out as 
•ubroulfnei or at lcast as macro procedurcs so that !he 
documentatlon is more eusily undenslood. Thc record-role 
concepl is ·lhe data structurc din¡:ram equivalen! of a. 
subroutine cal!. The dinsram illu'stratcs the shared aspects 
or the record-role and nlso all the pinces it has bcen 
lnvoked. For data structurc dingrams, represcntins c0mplex 
organlzations with many record-lypes, .record-roles · and 
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lheir rclution~hips, thc n:.:ol'll·rol~ hn• rruvcn 10 be ••· 
trcmcly uaci\JI in •inirlifying thc din~rnm•. Thc'y nrc mu~h 
more rcndublc. Of ncceully. l~c .tia¡:mms nrc unly 
efTcctivc ul'lcr !he new conccrl hns bccn undcntood, u.._'\1 
awhilc and nccepted. 

SUMMARY 

The dula llructure sct is nlmo•t the only' •lructural tool 
currcnlly nvailable lo thc database udministrator lo rcprc· 
sent the relatiunshir• bo:twccn cntili~s in his cnlcrpri•e. At 
this l_ime whcn ull uf il!i u•aJCS urc unk,¡luwn, il scems 
dcsimbl~ nol lo ph1cc nny rcstrictions upon illl npplicntion. 
Propusul· 1, lo rcrmit rccunive sct• (wh~rc owncr •nd 
membcr are of !he samc record class), is u propuli81 lo 
rcmove a rcstriclion. Prupusnll, lo prohibit muliiple mom· 
bcr rccord-types, is a proposal to ndd a restriclion. Pro­
posa! 3,. lo pcrmil uhcmative owner decl:~rations, is a 
proj>osal to remove a restriction. Thesc fncilities, within 
loday's rccord·nelwork mude! would providc a workablc 
implemenlation oC the role concept. an exrression or thc 
evidenl and impunont muhiple bchuvior pullems whlch are 
characleristlc o( real world cnthies. · 
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The entity':'relationship model-
A basis · for the enterprise view of data 
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\l,lullC"Iuu.-111 /ftJIÍtult 11/¡Trc-lutol/vRy 
(".uut-rkl,~. t.l4~~~·hur.ella 

,\IISTRACT 

lbc ~oncort or thc cntcrprise vicw or dala is vcry uscful in 
th< d;~l:lhasc dcsicn proccss and in thc construction · o( 

, .. n.:cptual schcma. This. papcr discusscs thc use or thc 
· cntit~·rdationship approach in dcscribing and maintaining 
th< cntorprise view of· data. Fundamental opcrations for 
.:han~ing thc cntcrprisc schema are prescntcd. Finally. an 
c\,lmpl< is givcn lo show thc di!Tcrcnccs bctwccn thc 
,·nuty-relationship appronch and the data-structurc ap­
r,.•ach in modcling lhc cntcipri•c vicw of data. 

INTRODUCTION 

Thc subject of the logical vicw of data has auracted 
run,idcrablc aucntion in lhc pasÚcn ycars. Howcvcr, most 
rc\C:Ifchcrs hnvc focuscd on thc uscr view of data. The 
n«d · for studying thc cnterprise view of data was nol 
rcco~nizcd until reccnlly. Di!Tcrent users ofa database may 
havc di!Terent vicws of thc database, but the cntcrprisc 
•hould havc a unique and consisten! vicw of the databasc. 
lni• i• p;¡rticularly importan! in designio¡: a logically mean­
in~ful nnd consisten! databasc. The concepl of thc cq)cr· 
rrhc vicw of data is vcry uscful in thc · databa se dcsign 
rmccss and in the dcsign of conceptual schema. 

F.ntrrprú~ vl~w and databas~ d~sl~n 

Database desi~n is a proccss to or¡:anizc data lnto a form 
,. hich mate hes thc undcrtying data modcl or thc database 
m>n;~~cmcnt system. Thcrc are threc llll\ior typcs of data· 
ha\C managcmcnt systcins: network, hier~rchical, 11nd rela· 
tional. In the network databasc management s~stcms, 
"hi.:h include Huneywell's lOS and UNIVAC' DMS·IIOO. 
data will be or~anizcd into di!Tercnt typcs of records and 
can l>c rcprc•cnted by a d:ttn·structurc diu¡:ram 1 hee Figure 
11. In the hicr:trchic~l databasc man~scment systems, 
"hich include IDM's IMS, data will he organizcd into a 
f11rm similar lo bul more rcstricted thon thc dal:.·struclurc 
di;t¡:rwm. In lhe rel~ltional datólba~c: man.,ccmcnt sy1tcm,,• 
dato will be organizcd inlo a •el or tablcs (or "rct.lions"). 
In &cneral, to dc>ign a databa'c is lo Jccidc how lo 
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organizc data into spcdfic forms (rocord trpe•. tablcs) ond 
how lO DCCCSS lhcm. Up lo now. lhc:rc are vcry r~w tuc.>ls 
availablc to aid thc d:tl:lha'c dc>i~ proccu. Usually, the. 
d;,,tabasc designer rclics on his own inluitiun and cxrc:ri· 
ence .. Thus, the resulting databasc may nol salhfy com· 
pony's objectives and may cause prublcms in company's. 
opcmtions. 

Another rclated problem in dntab~•• dcsign is that thc 
OUipUI o( !he datahose dcsign pruccs.,_lhc U>cr schema (a 
descriplion or thc uscr view or dat:.)-i> nol a '"purc'' 
representation uf the real world. One ur thc roa>ons is thal 
the databasc dcsigner is restricted hy thc limited capabili· 
ties or the database managerr.enl 5)'Sicm. For ••ample. the 
many·to-ma~y relationships betwccn cntities ntc difficult to 
represen! direclly in somc dalab:.se •Y•tcms. Anothcr rc:a­
son is that thc uscr schcma may cuntain sorne featurc:s 
relatcd to thc storugc represenlation of lhe d:.tab:.>e. For 
instancc, !t may describe which record typcs can be dircclly 
acccued and how lo acccss other record types. In addition, 
thc user schcma is usually designed to be cfficienl for a 
ccrtnin typc or data processinc oper~tions. For exomplc, 
thc data about emplo)•ces may be ¡¡rouped into two record 
typcs, cmploycc·master and empluyce·detail. lo improve 
the re trie val pcñormanec. Thcrcforc. the u,..r schcma is 
usually not a dircct reprcsentation of the real wortd. This 
makcs thc uscr schcma difficult to undcrstand ·and difficult 
to changc. 

IUUUIJ IWL~ ....,...__, 
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' A pus.ihlc •ululiun lo lhe aoove problems is lo lnlroducc 
an intcrmcdhiiC ~•••p.c in lhc dalahasc dc~i1m procns: .ddiB­
in¡! thc cnh:rprisc ~hcma. which.iK a .. purc .. rcPrcscnt<~lion • 
uf thc rc;d wurhl and is indcp.:mfcnl of ~uoro~~e and cffi· 
.:icncy c,,n!toid.:rati•m'-. Thc cntcrpris.c ~cherna willthcn be 
tran,Jatl•J inl4l diffcrcnl type!i o( ~chcmotla ror differcnl 
d;.&tahil.'l.' man••i!l.'nwnl sy!itt.:m5 (scc Fi{!urc ~). lt can also be 
trnn-.l;llt:..S inh' 'C\'.:ral 'chcmatól for thc ~1me dalothasc 
mana!;!~o:mr..·nt ,~·,h:m ''' oplimizc ditTcrcnt lypcs ul data 
procc'''"~ ,,r ... ·ratilm!i. Thcrc oue scvcr:al advantagcs o( lhis 
Ol(l(HOach: 

( 1) Thc cniCJflrisc 5Chcma is casicr lo undcrstand than a 
uscr schcm:1 !!lince thc formcr docs not havc thc 
rcslriCIÍOO!t O( thc undcrlying lliltah.a!.C managcmcnl 
,.ysh:m; 

m Thc cnlcrprise schema is more slnhle 1han lhe user 
schcmil. since ~ome lypc:s or chomgcs in lhe uscr 
S~..hcma may nol rcquire any changc in the enlc:rprise 
schcnm. Ir lhc cnlerpri•e schema no.ds lo he ch:msed 
In rcflcct thr chant:c:s in the enh:rprise cnvimnmcnt. 
lhc ch;tn~I.!S Ci.m he pcrfllrmcd e;asily s.incc cfficic:ncy 
anc.J !'r!lur:t~c i"'sues are no1 con~idcrcd. 

Entapri.H• ,.¡,.w tmd nmct'plutll sc·htmtJ 

Whal i~ lhc c.Jifrercnce belwccn thc cnlcrpri\c !ii(hcma and 
lhe C<m.:cpiUid M:hcma proposcd by lhe ANSI/XJ/SPARC 
l!roup'! .. Ba:-.ic:•lly. lhcy are vcry similar since hoth are 
dc-.:ripli"n' uf lhc enlcrprise view of dala. In lhe SPARC's 
appnx11 .. ·h. lhc -=••nccplual schcma serve~ as· the interface 
~crwc)!'n lhc e:\lcrnal sch..:ma fuscr vicw of data~) and lhe 
Slura~c schcma tphysical view or dala) (SC:C Fisure )). The 
rcquircmcnl of scrving ;Le. &IR in.tcrfacc bctwecn twu othcr 
schc:mal;l may inaroc.Jucc sorne undcsirahlc reaturcs inlo thc 
concqllut~l 'cherna. Jr l~is rcstriction un lhc c•.mceptual 
sda.:n101 ¡, i¡:n•'rcd. thcre is almo~l no difTcrcncc h.!twecn 
thc C•lR\.;"t:plu~~l ~hema itnd thc cnterprisc schcma. Thcn:· 
furc, lhL' h~..:hnique' discu~~c.J in this paJ>'!r are also ~uiwhlc 
[,,r ""''"..:rihin¡: ;,ami m;aint;,aininl! the concc:ptu;.ll s..::hema in the 
S P.A. RC's an..:hitccture. 

bal !prld 4':S1/!11SPAIIC ArsNttuurs 

~ Da~r 

.·.ppmnch us~d In th~ pnpu 

In order lo describe lhe enlerprise •icw or dola. a mcnlal 
framcwork to model the real world is ne\!dcd. Diffcrcnl 
pcople m:ty be uscd to diffcrenl mcnlal framewor~s. 1lle 
mcnl:~l framewor~ used in 1his papcr i> lhc Enlily·Relalion· 
ship (E·R) model. , .. The E·R modcl and >imilar ap­
proachcs•·• have been round U\efUI in modcJing lhe real 
world. A diasrammatic IL-chniquc callcd lhe Enlily·Rela­
liun•hip tE-R) diagram will he u>cd in 1his papcr lo rcpre­
scnt thc enterprise view of data. 

This papcr is dividcd inlo lhrce pans. The lirsl p:~rt 
discu.-es how 10 U!\0 lhc E-R model :tnd di:~grammalic 
lechnique lo describe lhe enlcrpri•c vicw or dala. This is ' 
exlension of lhe worl; reponed in Rcfcrcnce S. The secon .. 
pan describes fundamenl;tl uperaliuns ror changing lhc 
cnlerprise view of dala. This is an area whcre •ery liulc 
work hus heen done. Thc upcmlion> propuscd in lhis pape• 
will he usdul in mainlaining lhc enlcrprise schcma. Thc 
lhinl pan uses lhe E-R approach lo ~n;~lyze an examplc 
¡tiven by Bachman" concernins chanses in 1he conccp1ual 
schema. 

MODELING THE REAL WORLD USING THE 
ENTITY-RELATIONSHIP MODEL ANO 
DIAGRAMMATIC TECHNIQUE 

In lhi' •eclion. we •hall use uamplcs lo •how how lo use 
lhc t:nlily-Rcl;~linn•hip (E·Rl mndd and di;~grammalic 

h:L·hniquc to describe the cnh:rpri!~.c vi.:\\" ,1r d:1ta. A ·more 
form01l dcfoni1ion or 1hc modd can be: f••unJ in Rdcrcne<: S. 

lt is fi!\SUmcd that thc rc .. pon~it'lil:ty or Lldining and 
m:aintotining thc cntcrpri~c ~cherna tl.·lon~s to a pcrson 
c;allcd thc t>nlapriJt> "'¡,¡,;,uator. 1 he fullm~ooing i1 thc 
SU~SC<Icd proccdure rur lhc cnlcrpri>e aJminislral~r lO 
define lhe enlcrprise schcma: 

(1) ;J,-mify ~ntity st'ls 11/ intrrt'sllcJ tiJt> c'lllapris~ 
An tnli(\' is a ••thint: .. whi~o.·h cotn be dhtinct 1' 

idcn1ifoed. AccurJin~ lo 1hc nccJs of lhc enlcrpri'. 
entili.:s can llC' cla"ifi~d inlo diiT..:r~nl l'ntity l)'pt'J 

>U<h as EMPLOYEE. STOCI\..IIUI.DER. An <nlit) 

s,., is a t;IUUP of cmilic:~o of lhc ~me IHlC. In thc E·l\ 
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di:.gram. an cnlily .<el is rcprescnlcd hy a rectangular· 
shap.:d box (•« Figure 4). The lcrms, ""'1" and 
"I)'J'C." can !>e inlcrchan~cd in lhe E-R dia~ram. Thc 
rc:.der m:.y us< cilher one lo intcrpret lhe E·R 
diagr.tm. 

There are many "things" in lhc real world. In 
addition, diiTercnt entcrpri:¡cs mny view the samc 
lhing rliffcrcnlly. 11 is lhc responsibility of thc entcr· 
plise administrútor lo selecl lhe cntity tyP.,s which 
are most suitable flll" his company. 

(2) idrnli/Y rhr ulllliunsllip U/S oflnrrrrsr ro rl.- mUr· 
pris~ 

Entities are rclaled lo each olhcr. Differenlryprs of 
relationships may cxisl belween diffcrcnl lypcs of 
enlilies. A ,.Jnriuns/Jip srl is a sel of relalionships of 
lhe same lype. For uample, PROJ..EMP, which 
describes lhe a.si~nment of employccs lo projecls. is 
a rclalionship sel dcfined on IWO entity sets, EMP 
and PROJ. A rel"lion•hip siet can nlso be defined on 
more than two entily seis. For example, 
PROLSUPP.J>ART is a 'relationship sct defined on 
lhrce enlity seiS PROJ, SUPP, and PART. In lhe 
entity-relalionship diagrnm, a rclationship sel is rep­
resenled by a diamond·shaped box with lines con· 
necling to the relaled entity sets (see Fi~ure S). The 
"m" and "n" as-ociated with lhe PROLEMP rela· 
lionship in the E-R dia¡:r.tm indicalc that the relalion· 
'ship is an m: n mapping. That is, each employee may 

· be associaled wilh seveml projects, nnd each project 
may ha ve ·severa! cmployees. In certain companies, 
each cmployee belongs to al most one prnject, and 
lhe PROLE M P relalionship is a 1: n mapping. 

Tilcre are many lyr- .:.:¡ of relationshipi bctwccn 
entities. The re.ponsibility of the enterptisc adminis· 
lralor is to selecl lbe relalionship seis (or lypes) 
which are of intercst to lhe enterptise. He also has to 
spccify the type of mappings ( 1: 1, 1: n, m: 1, or m: n) 
of thc rclatiunships. 

(3) idrnri/y rdrl'<ml pruprrlirs uf rnlilirs and rtlurion· 
ships (/.r., drfinr 1'41/ur srls und nllrihulrsl . 

Entities and rclationships have propenie>, which 
can be expressed. in tcrms of Allrihur..-••alut pairs. 
"Biue," and "4" are e.:tmples ofvulurs. Values can 

1 PROJ 1--·--<'. 
En U ty Set Relatlonahlp Sot 

F'!iurt ,_R.eloaliornhip Id 

Entlty Sot 

Thc Enlily·Relalion>hip M•ldcl 19 

be"classilicd into diffcrenl ~·pr• >uch '"COLOR'" 
QUANTITY. A l'lllllt srl ¡,a group of valuc> ,,¡ the 
:lame lype. An nllrihutt is a mappin~ frum :.n cntit)' 
IICI (or a rel:ttion•hip scl) lo a v:.luc ••• (or a ~roup Jf 
\\alue sets). For ex:tmple, "addres•" ¡, an allributé 
which maps entilie• in the enlily .el EMP tu valu<> in 
the value sel NAME!LOF_LOC. Note thal "" rcl:t• 
lhe constmint impo>cd in Reforence S th ,, thc m:tp· 
ping from the cntity set to the Vitlue >el '"" tu t>c " 
funclion (i.e .. m: 1 mt~J1pin¡;l. In 1.tth..:r wu~tb. "-C' nuw 
allow that an attrihute (>uch a. .. JJrc"l can h:tvc 
seveml V<lluc~ huchas hlCaliun,.) for thc ,;,m&: ~:nlity 

(cmploy<e). This rclaxation in thr dcflnitiun uf attri· 
butc will make lhe ch:mgCli in the rntcrpri•e vicw 
simpler. This point wi11 becomc clc:ar in tht ncxt 
seclion. 

In lhe E·R diagmm, a value set is represcntcd ~Y a 
circlc, and nn attributc is rcprc:sentcd by an arrow 
dircctcd from thc cntity set (or thc 1rclatiunship !~Cil 10 

the desired value sct(•) (sec Figure 61. Aftcr •clcctinc 
entily sets and rcl:ttionship set>. thc cnterpri•c ad· 
ministrntor idc:ntifics thc auributes and \'aluc scLs 
which are relevan! lo the company's opemtions. 

The three steps stated above covcr a major pan of the 
cnterptiso schema. For simplicity, we shall nut dhcu" in 
this paper other issues related to lhe cnterpri<e schema 
such as integrity constraints. 

To design a database, the enterptise adminish.ttor first 
dmws an E-R diagram su eh as the one shown in Fisurc 7. 
He then drew the atttibutes and valuc "'" for each cntity 
sel and rclationship "''· Thc E·R diagr•m is then translated 
intO 8 data·structure diagram ora set Of tablcs ("relations") 
(see· Figure 2). Thc rules and proccdurcs uscd in the 
lrnQslation process were discussed in Refcrence S. Here 
we shall investigate how to chan¡:e thc entcrptisc schcm~ 
(the E-R dia¡:ram) itself. 

MODIFICATION OF THE ENTERPRISE VIEW 

Al· ,,h lhe enterptise schcma is more stable lhan a 
user • · ma, it still needs lo be changed from time to time 

&nusysu 

Atttlbysn 

JoJut Stu 

.· 

Upper C. -·ceptua.l ....... 
---1----
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lo reOecl 1he changos in lhc cnlerprisc cnvironmcnl. Ei· 
ccpling a papcr hy Bilchman." very lilllc work has becb 
done in lhis arca. In lhis paper, we use lhe E·R modelas a 
basis fur analyzin¡; diffcrenl lypcs or changes in lhe enler­
prise view o[ dala. We nol only propase a sel of opcnuions 
bul al so analyzc 1he consequences of lhesc opcralions. 

There are five hasio lypcs or opcralions: add, ddtl~. 
split, ma¡u. nml shi/t. Thc firsl four operotions are applica· 
ble to enlily sel5, rt'lationship scts. altributcs, and valuc 
sets. The slli/t opcr;.tlion is used wren lhe cnlcrprise 
o.~dminiscr::uor would likc to vicw a value ~el in thc old 
cntcrprisc schcma as ,an cntity sel in' the ncw schcma or 
vice versa. 11 is u""ful lo lhink 1ha1 lhe E·R diagram 
consi .. s or 1wo cunceplunl domains: ( 1) lhc uppcr concep­
luOII domain which COn>isls o[ enlily seis and relalionship 
sel>; (2) lhe lower conceplu01l domain which consists of 
ullribules and vulue seis. We shall discuss lhe firsl four 
upcrJiions in hulh lhc uppcr and lowcr conccpluOII domains. 
Fin01lly. we sh01ll di.cuss lhc shif1ing an cnlily sel from lhc 
uppcr cunccplual d<>main lo lhe lower conceplual domain 
an<l lhe shifling u valuc •el in lhe opposile direction. 

Opc•rmimu i11 tllt uppt>r cunctpllw/ domoin 

The fulluwing 01re lhc basic . opcrutions applicnble to 
.:ntily s~b •md rd~tiunship sets! 

( 1) Splil "" •·utily ;,, l,.,.,.,.,¡ suhs~u . 
For instan~.·c. th~ cntity scl EMP in Fi1=ur~ s., can be 
splil inlo lwu cnlily seis: MALE..EMP ANO FE· 
MALE..F.MP in Figun: 8h. Thc con>cqucnce of lhis 
orcmtiun i!r. lhal thc rdatiun!r.hip r.cb assodatcd with 
lhc cnlily sol m¡¡y 01lso haw lo he splil. For C.\ample, 
PROLEMP i• split in1o PROLM.EMP and 

. PROLF_EMP l.cc Figure 8b). 
(2) AlrrJ.:c• Jc'"ao/ c'n/ÍI,\' Jc'/J In/el cmt tnlily 'ut 
. This is lhc OPf'<''ilc opcr.olion or JI), Thc consc· 

l¡ucncc b that lhc: rclatcJ n:lation::..hip seis m;ay have 
lo he mcr¡;cd. 

(.)) Split " rdatimullip sc-t int11 lt'l'l'rul subsrtJ 
An cxamplc of Ibis opcralion is: ahc rclation::.,hip sct 

PROLEMP in Fi~ure 8a can be 'Piit inlo two rc)a. 
tionship •ct•, PROUIANAGER and PROL 
WORKER. in Fi¡;ure Be. Note 1ha1 lhc lypc 'o( 

mappinc in lhc new rclalion.hip> may be <liffcrenl 
from that in thc oric,inal rcl¡alion,hip. For in~tancc, 
lhc mapping in PROLMANAGER is 1: n while lhe 
mapping in PROLEMP is m: n. 

(4) ~lc>rs:r ua·c>ru/re'lutie~mhip sru ;,,,o ont stl 
This is thc opposi1c operJiion olll). Note thal these 
rclalion,hip seis have lo be define.! on lhc same 
group or enlity sets. • 

(5) ,t.Jd 11 nr11· tntity u/ 
For example. a ncw enlily sct callcd SUPPLIER may 
be addcd lo lhc E·R diagr.om in Figure 8a. Thc result 
is shown in Figure 9a. Nolc lhal il is poS>iblc lo ha ve 
stand·alone enlily seis in lhc cnlerprisc schcma, 
ahhough in many ca>es rclalionships belwccn lhc 
ncw cntity sct and thc cxis1ing cnlity seis are cslab­
lishcd immcdialely (see lhc ncxt operalion). 

(6) ,t.dd a ntll' rrlatiunsllip ut 
Wc may add a new relalionship sct for the ncw enlity 
scl such as the rclalionship sel PROLSUPP in Figure 
9b. We may also udd a ncw rclalionship ><:1 fur 
cxisling cnaily sets such as thc re!latlon~hip sct 
PROLMANAGER in Figure 9b. 

(7) D<ltt~ an ~ntity s~t 

,., 

For inslance, aflcr delc1ing 1he enlily sct EMP io 
Figure 9b, wc havc Figure 9c. The conscqucnccs are: 
(i) lhe relalionship ><:ls relaled lo lhe cnlity sel are 
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also deietedi (Íi) ntlri!>utes relaled lo lhe deleteél 
~ntity set and rdated rdatiunship sets ·are also de· 
leted. '· 

". 

'· 

' -

·:· 

(8) D~l•t~ a rtlationsllip stl . 
An example is: delcte the relationship set i'ROLEMP 
in Figure·~b. and the r.sult is sho"'" in Figure:9d. 

· Tlie .consequonce of this operation is that:the .•allri­
butes of the rclation•hips are deleled (not show:dn 
Figure 9d). · 

Assume that the cnlities in ihc entíty set EMP have.lwo . 
. •ttn'bules, LEGAL..NAM!E ooJ l'HONE. which map ·the· 
-tilliiÍes lo !he waiue •ets NAME ;md i'HONF-# (see fi¡¡urc 
lOa). ·we ~hall ""• !hcse auri~ulcs and •aiuc sets as the 
basis for lile discussion or lh~ foiluwing oper.uions: . 

(1) Add" ••nlut ~ti 
iFor "xample, a new value >el caflcd DOLLARS,may 
be addc.J to Figure ID-•. The rcsult is shown in .Figure . 
IOb. Usually, this op<ratiun is fullowed hy an "udd 
attributc" operation. · 

!2) o..t;;u u •·ala~ .. , 
Aftcr dclcting thc "''""'el PHONF...I in Fi~ure .lOa, 
,..e gel Fi&urc lOe. Thc · cun-cqucncc is that all .. 
attributcs a-.odatcd "ith this value sct will.be :de· 
lctcd. 

. (1) 5plll 4J tulur Jrl in;~, h·~t·rul u_,h,,·IJ 
. lloc \.tlu(' .. ~-~ -~·1.\11 S 111 f.iptlt' 1(}.¡ !11.1\ ,he 

' 'i ... ; .• ' • .• i ~ •. \• 1 

Th< Entity·Rcbtion.túp!Mocld 

LAS'LNAMES in Fi&ure !IIU. "lbe·~.W."qucnu';a 
lhat-attribuicnct.ltcd tllthc:w:itur:oct•marlllaw,••'loc 
·adjustcd. Althllu&)l thc attiibutc ·lEGACNAt.tE·'·il 
;not split in 'Fi~urciiU. it·is "'"'iblc!llll~ilc:il:!ftc~ 
1wo ·attribulc:o: -LECiALFIRST.!NAMt: :and ,1LE· 
GALLAST_NAME. lt inhe rcSf'llll.a.iliJJ,tl(,cJit 

-.enlerprise udministr.tÍor lo make:tliio:il.:ci;.;.,.. ·. : .. ,_.,' 
:(4) Alng~ s~•·•w•l ,:.,,,,: Út»int" "·•·aluC';«< ... : :. 1 

·n.;s is Che optx,.itc opcrdlion·ul' ()). " 
· ·.(5) AdJ Dll clllrii>IIU • . ·.·_-: '' '. 

For 'insl:tnce. Fi~ure llh· is uht:oincd'<l>~~ioildinl'·thc 
.attn'hutc·OTHER..NAME lo'iFi,urc111a •. ·~: · · ., 

:(6) D..t~u mi cmrih11tr . . ' .' . 
Dclctin~-thc attribute LECiALNAME',r;;,m Fiprc 

. . . . . 1. 
:¡la, wc ha ve Fisurc IIc. •The value ,..,u,. .. oc,;ated 
with lhc attribute will be dcloccd•by;:anolhrr.opcratio>tl 
("~delele valuc set"Hf:dcsircd. 'In ·.Ome :Cói$CI,•thc 
-value sel :may·he still as!oOCialcd -wíth:Gdlcr.attributc: 
'·(see!Figurc llc). · r.'< · 

; (7) :Sp/it 11n · trllrihat~ilnta: u•·~mlartributrs·· 
For .example, :Figure Ud is-,obt:iined:ioy·~plittiftr•the 
attribute PHONE in Fi&urc lla .inlo;cW.,·.anributn, 
OFFICE.!PHONE and:HOMEJ>HONE.: 

(8) M~'ll'''"'rrnlattribatn illlo unr:att~.-
·,n.is :is thc opposite .operation o(,(7).,'T!Jc~anll'b!!!c~ 
:have lo be delinee! «>n the:same·cntiiJ'ICÚ~:reiation-. 
-~hip. ;el). · ,, .. 

_lO¡H'ratians:IHt••r.·n.th'a.tonuptünl:d<m<uilli . 

•Assume :thal:lhere:arc two enlity scts :tEMP1alld :PROJl. 
:i:mc ~relationship .set .(PROLEMP) •. rllllt'' ~-•abe ,;cts 

'(NAMES:.OF..J>LACES, :SOC.:SEC.:#, <PHONF...rt. an4 
¡1 •• • _. . 

'" ... 
. '• il ' .. ~ .... ~~- ' 

'.. 
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' AHALYSIS OF AN.EXAMPLE 

· .In iH•ccenr paper. Bachman" usn ·dala·slructaq ... 
' : · ·lram• lo illustratc thc chan¡:cs i_n a conccptualldlema.la · 

1his scclion, wc •halllirst 11a1c hi• cumple an4 llacllllt E- , . 
ll diagram1 lo Íritcrprct hi• cumple. 

• 
' "lkscrlpllon of llat ~~amplt using dtíiD·Jhlltlll" ,.,,...., · 

. Thc ron~wl~a is a simplilicd •• ·,.ion or Bachmall'a ··-. 
pie: . . 

: ,. 

(a) In lhc bcginnin¡, thc cntcrprisc .admlnhuatár dt· . 
· clarcd a conceptual schcma as shown la ficu.W' Ua. 

Thc rcadcr is assumcd to havc lDmc'kilowk .... of 
thc dllla·SINcturc dia~ram.' Simplr spcakJDa, a·· 

. langular-sh;tped bo• rcpre~eniS ·a rc_Conll)',.; ... u 
· arrow rcprcscniS a dala-stn~cturc·SCI Cl.t., 1 :a flla­

tionship ·bclwccn rccor<l typcs). In ri¡UN IJao' · r · 
are two types or conccplual record,, COloiPANY l 
PERSON, and a dala·sln~é.lurc·Ht "a". : ...... 
ocntin¡ thc fact thal cach pcrson b 85~ widl 
exactly onc company ond that cach COIIIpiiiJ_ . 1 · 
... or personncl. 

(b) l.alcr. thc cnlcrprisc ndministMot r«oplu• dial 
thc pen.onncl_ or thc company wc!C ·pcr10111 ~Ir 

\ . \ 

own ri¡;ht. This fact may be discovcretl 11 11ac cr .. ' . 

··".;,-. 

·,'t.,.·. 

' ' ... . - . .- ..... ., · . 
"t": '·· ·,, PROLNAMES). and rour . aun'bulcs . (ADDRESS, . 

,.-. SÓC..SEc::.NO. PHONE. and NAME) as shown in riJUia · .. 
12a. Wc •hall u .. thcm.as thc basis for thc discussion on · 
thc .r?lluwing operations: 

,, 

( 1) Sir ;ji 11 ''"'"' u1/r11m 1/lt lolo·u conaplllal dom11/11 111 · 
1/rr 11pptr •·rm<·rpllw(.domnl,. · · 

_.,¡. Whcn lhe c-riterpriSe envlronment chañges. il may 
becomc nalural to vicw PLACE as. an cnlily· ·aél·; 

. inslead or ·a valuc '"'· Thus, in Figure llb "Al>-" 
· DRESS" hccomcs a rclálionship scl, and ."PLACE"··. 

has nn anril>ulc ''NAME" which poiniS lo thc "valuc 
•el NAMES.OF_PLACES. Sincc PLACE is an cntity• · 
sct. wc may eslahlish ncw rclalionships or it with 
olhér enlily seis such us PROJ or add more attribulcs 

· and .Yalue .Cts lO dcscrihc propenics of _"pJaces." . 
(2) Slrl/i un rnli(\" se•/ frmn /lit uppr:f <vnn·plllal rlumu/11 · 

't~dh~ '""'~' •·um·c·pt1111i Jomai11 . · ' · 
·' · ·whcn thc enlcrprisc en"virunmcnl chongcs again. · il 

·may bccome ""IUrdl lo view PROJ as. a valuc scl 
inslcad or an cnlily sct. In Fi&urc · 12c, PROJ ll · 
ddc1cd rmm thc uppcr conceplual dumain, and thc. 
rclmionship ""' PROLEMP bccomcs thc · attrihulc 

. INVOLVI::Il...PROJ. Thc en1i1y ICI PROJ in Figure 
12b may have hccn a"ocialed with !ICYCral value · 
scl•. but only thc valuc sct PROLNAMES which ia 
used to idcnlify thc enlilics PROJ rcm:uns in .. thc 
l~wcr conccplual dumain. . .. 

~)·· 

---.... 
. (9 ..... or 
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· ; . ~-F'"t~urc!U-Eaprcsl>in, 'c:han¡:es in lhe enlnpr\K view ulin¡ data·llructure 

--' · · · • ·· ~- · i· · · dia¡:rams · 

' ' 
' ' .:· · of severa! companies thal sorne of the ptnons htld' 

· ' ''· '" 1Vio jobS and wére ptrsonncl to two Óf the mtr¡:cd 
comranits. Figure l)b illustrdlt$ ·lhc data-struclurc· 
diagram for tht ntw concepiUal schoma. BasicaUy, 
the old pcrsonncltype record has becn split into IWO 

record lypcs, PERSONNEL and PERSÓN. The 
"PERSON" has allribules NAME and ADDRESS 
(nol shown in thc figuro). 

(e) Afier a whilt, the cnlorprise administratordccidtd IG· 
. factor lbe address . of rosidonce out of the ptrson .. 

record. Figure · l)c illustrales lhe addition of lht 
"PLACE"· conctpluill record IYPe. •nd the data· 
slruclurc'sel typt "c." 11 was al so assumcd that caoh · 
ptrson has a uniquc addrcss (place): 

(d) JI is now rcco¡:nizod lhal pcople movo from place IG 
place and lhal Íl ÍS desirabJo lO know CUITOnl addrt:'l 
as well llS pasl addrosses. Anolhér reason may be: it 
is discovcred thal a person may have more Iban one. 
address. In ei1her case, a new concoptual record typt. 
ADDRESS is addod lo lhe conctplual scbcma (sce .. 

• Figure lld). 

Analysu using ~ntity-ulationsllip dia¡:rams · 

In lhc following, "'C shall ust E-R diagramsto upl:ün the 
ahovc- c-~amplc: 

.• '' .- '. i 1 • :' ~- ' \_, • 1 1 j ~ ' '. • •• ' 

. !. 

-4 !- ...__ 
• • . . , .. ;V 

l,.·o.lypcs of entities. PERSON and CO~U'AN:\';··· 
lhe . enlcrpri<e vicw. Sine e lhe m:or~ t>et .. ctíi. 
COMPANY and PERSON is 1 :n.lht ~ta!io-41ipiiÍ, 
PERSONNEL is repre•cntcd by a d:ata-lltiiC-­
••a•• in Fi~ure lla. -~· (~Ú;7 

(b) Figure l~b is lht corrc•pundin¡; E·R .,.... 11r 
Figure Ílb. Sincc lht rdation•hir -.ct. pa;~so~ · 
ls an m:n mapping. it i• rcprosenlo'd by a~ ...... 
rtc.ord lypt Pf.RSONNEL ;md 1 ~·u cJ;n~:01ru.-......,. 
seis .•·a•• :ind ""b" in Figure lll>. Nlllc·lhál r .. • .. - f 

14a ~nd 14b havt ·lht .ámc cnlily o.cts rmél. rorJiiiíall\f 
ship. ser in lhc upper con.:.·prual d"""'ia, aaltiíiíc'· 
diiTcrcnct is lb.: rypc or mappin' b.:ho·ecn ~~w·t· ·-· . 
KIS. 

"'\\ f'¡o.l· '··-

Ct) Now lhc cnlcrprist admini•lrJtor prclcni 10 
"PLACE" 85 an tnrity ..:1 rathcr Iban a·-.,.,. 
Thus, wc havt Fi~ure 14c. Tht allributc<ADPIESS 
in Figure 141> (.ccomes a rclationshi¡o ocí il. ,-.p.¡. 
14c. Since lht mopping bttwccn PLACE'·a..: ft 
SON is 1: "· lhc rclationship <el ADDRW ........ 
scnled bylht data-slruclurc-sel ··e" ja,y.p¡..alc.' 

· (8) Tht enttrprisc odministr•tor di>covcr. Iba! ..e·· .... 
· · ping belwctn PLACE and PERSON il .. ·iD:a ¡¡¡,.. 

ping insltad of a l:n mappin11. The ~-:~~ 
vicw is rerrcsented by Fi~urt 14d. Sincc•thl anr51• 
is m: il, lht relationship stl ADDRESS 11 ré ......... 
l:ly lhc record lypt ADDRESS anil IW01 ......._. 

lurc-scts"'d" and '·e." Nolt thal Fi¡:UNI 1~ ........ 
. ' . . ~ . 

1 ... . • t • • •• "' ... ' • 



.- .... ,-~_ -_-_,.--_ ·:· ::: -· ·-. ·---: . ----n-;;··· . --· . ...-.--:;-·--:-- ~ -·-·-·-:···-··- ---··· .. ':~. . ·;----·r:- -.···, .. ··· .. ·.·· 
·~ .. 

· . ._•,. 
-';.'··· 

-_,. 

' ... -~.-.. • ! •• 

. '' .. :. ;~:~,}"~ > .. :._:. N••~ .... ~ }l~~!~' eonrei'Cnc:•.· 1m 
'.,~;.·~·!~-:-· . ..,. 

·tr:: ;:.:¡;: -• :~--~' 
:i, ·. '.lire almosl lhe lame uccpl lh31 lhe· Íype or mappins 

between PLACE and PERSON ls diffcrenl. 
• > > 

. •:vi;" · f~-:- .-: .• ~· ···:--.\.;. :. 

:t;:;t;.:'<ill-'generol. lhc E·R di:i~,.,.,; is ea.•ier 1~ use lo onalyzelhc 
.. 1,;~-;g .. :~;~_.:t·,." Cht~R~Cs ~in ·it~e: entcrprise view' than thc data~s1ruc1urc 
--;-:lf-::~:~'-::-';:di;lgr.tm.- Barhman' al~o raiscd lhc issue. or thc Dmbiguity in 
.. < ·, ,.·,~,;;1 ·Figüre· Bd: Ir one wanls lo modil'y ·a pcrsi>n"s address. 
·, •. ,:':J!\c· ilocs •he h:~ve 1o· ere ale a new ""addrcss"" · record or lo 
.. <;· ·,,i .. ,._ chan~e '•he na me or lhe place where thc per.on is'livins7 

·~·,;r/Y~~;; :;>Thi~>QUC~tion: can bt casily- answcred using the E-R ap-
., pro:~ch. Con,idcr Fi~urc 14<1. Since lhe PLACE is an cnliiy-. 

¡pi''+· "',sc'·t;_ldch:mgc a pcrson's áddress. is lo chan&c lhc relalion­
¡¡,.; · n"'··ship l><twcen .thc perwn and "'his pL'\Cc." Wc should nol · 
I:Wi:.'\j;\::; .. :.:hatl&c '-the· namc or the place wherc .lhe pcrson is livins 
,,,,,~·¡~: :·s(ni:'c ~;.!·.fAME~··and "'NAMES..OFJ'LACES"' are uscd lo 
,·;.-,¡} (·d~sc"ribe.a property or lhc- PLACE cntities (scc Fi¡;ure 
- .. , .; •. 4d)' ..... , . . . '' '"iil' \-,. •. ~'>.¡; ·'·' '. 

,, ___ :~t: ·~·: .:·;_: .·' ·. " 
-~··-·~<ij·'· SUMMARV, . 
-~:·~~:,_c.:~·-· '' ._.; ._ •. 
,.~:t'• _!),J ,-...... • ' ' • 

;~ r}f:~;~ ~~ ~~~~~ñ~e- ~hem~ is ~user~:~l as an intcrmcdiate slcp in 
' .. -'-·.:···~: ,dalal>asc des1gn. In 1h1s paper. wc_havc shown how lo use 
'•·:· ... ,,.,, ':lhe entiiy-rclalionship model and <!lia¡;rnmmalic lcchniquc 
_;·~\';-~·~~ .. ;~":'o· d~~cribe,,1 thc· cntcrprise schcma. SinCé thc enlcrpriiC 
t::-~-- ··~·· "Cnvironrrient chan~es from lÍrM lo lime. lhe cnterprise 

schema will havc lo changc lo rcnecl lhesc changcs. Fivc 
basic lypes or operotions (add. dclct:, split, mcrae. ánd - . 

·.-._!; .;.¡ ...... 

-···.!-, -~. 
,.., . 

.. , ' 

-,J. 

' .. ·• .. 
-~- r;·~· 

-·., .···: 
· .. -·.· 

. . 

· shill) which are uscrut in mOdifyi..S 1hc cnlcrpñse selle .. 
havc becn prcscntcd. and lhc conscqucnccs ot lhcse opcra­
liono havc beco discussed. Fi.nally, wc have ··used U· 

cxample 1o an:tlyu lhc diffcrcnccs belwccn lile cníit,. · 
relalionship approach and lhc nclwork approacb In mo4cJ. 
lng lhc enlcrprisc vicw of dala. 

/' 
. ·.•.· • 
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1 1~ 

Design and implemcntation of an inf~rmation base for 
decision makers* 

1>.•· K. H. IIONCZEK. C. W.IHli.SAI'PLE und A. 11. WHINSTON 
l'11rJut Unl••ttJity 
Wc.l l.o&fw)·.:uc. lndi.uu& 

,,IISTKACT 

1\'h~n considcring lh~ dcsi~n und impkm~nl¡¡lion of >)'S• 
wn' for dccision suppon. u crucial poinl is lhc powcr und 
fl<'\Íhilil)' Of U\'ailuble lliOIS for r~prcscnling daiU COnltXIS •. 
!be ,·alue of such sys1cn1s i• conslraincd hy the "richness" 
,,( pallcrning ¡¡llowed hy their data structure mechanisms. 
W..: inlr,llluc~o' th..: nution of ttn inform:uion hase as a muurul 
,h.'Jl furwan.l in thc cuntinuin¡: c:vi>luthln of.d~atoa structurel'. 
1 he outslandin~ fcaturc' of thc informatiun base ure ( 1) ils 
,l .. ·\·,lmmodaiÍUO of lh!.! horizontal und \'Crticul inttgration Of 
mfornmtion purcc:ls into u sinxlc licmantic ml!&:hanism. uml 
t~l th..: intcgro~tion ~f up..:mtors into this scmun1ic structure. · 

INTRODUCTION 

A lopical and decidcdly signi!icanl ureu of research hr 
volves the identi!icution of those criteria which a compuler­
izcd informuiion systcm must sntbfy if Íl is lo be of value lO 
non-progmmming decisiun mukcrs. Thc cnsuing discussion 
focuocs upon such critcria und lheir implicutions for system 
dc>ign nnd implementation. In panlculur, weintrodu~e lhc 
notion of un lt~form•lllmr b11u und dcmonstmté how it m•y 
be dcvelopcc! and. implcmcnted us un extcn>lon to thc , 
CODASYL DüTG' 11ppr.1uch to data· mumtgcment. Wc · 
c:ómmcncc with thc ch;m,ct~rizatiun of un lnfurmation base 
aS a scmuntic nctwork. lt is thcn t.hown that this scmantic · 
~I)"Ork m:. y be rcnlizcd "' :.n c>tcnsion to :tn upprou~h 
thut has bccn usl!d in commcrchll cnvirunmcntM. Morc:ovcr. 
wc illustrutc huw the infornmtion b.&t.e serve! as thc comer· 
•tune .for u generulized dccision suppon system. 

Withln tire !oCope of lhis paper u distinclion ls dmwn 
betw:cn lhc terms informalion und dala. Observe, lir>l of 
al!, thul informalion is an uh"mclion; it i< not something 
.O:hich can be pointcd to ur sccn. Howcvcr it muy be· 
conv<ycd hy pallcrn• of "mullcr..:ncrn,''' i.e., by conlig· 
ur•tions of symbol•. by dala. Datu and information invuria· 
l>ly uccompany onc unolhcr. Thc words on 'thi• piece of 
j>aper are not information, bul nrthcr a pallcrn of maller· 
energy which as a con,cqucnce of cenain :tctivities (c.g., 

• Rt,.. ... ,.h WlrfJOf"ICd by om" u{ W"lcr RCM"IItch und Tcc;hno!OI)' a~· 
Ho. 6$ll-62·1l10. · 

BH 

inputin¡:, tnmsmitling, decodin(t. nslioci•arinJ:!. sturinl!. d~- · 
ciding. etc.) conve)•s lnformulion.• The imr••n;ml poinl is 
thc p:tllcrning of dalu: lhe "richn•••· of u nutaliun in tcrms 
of thc kinds uf daln rclutionships which il c:m represen! hus 
ollvious implicutions for ils power In C<>n\·c)·in~ infurma· 
tion. \\'ith this in mind, we cnn note a rrunount:~.."\1 trcnd in 
the history of infornmliun systems from thc ,.,.t,.tively ·1 
impuvcrished linear data >lructure lo th•• tr.c ""'' nelwork · 

·data slructurc., C;tpuble of a ~rcatcr vuriet¡· uf dala cun!i~u­
ratiun; corrc•pundingly thc euse whh which ~.,mpamlivcly 
complex informulion cun be convcyed hus "''" gri>wn. 
Summarizing. :•; •• we cun say thal dutu is un ••~jcctivc 
notutiun which hns no signi!icnnce in hself. vcrsu• inrunru•· 

. tion us a suhjectivc conccpt which relates a d:.tum lo u 
conttxt:•• · 

In order lo undcr•lund the vurielles of contcxts or 
con!igunttions in which dutn must uppear if thcre is tu be • 
comprel¡cnsive conveyance of infornuttion, wc c"tmine thc 
lield of semn~tics. Of specinl intcresl is thc nntiun of u. 
scmanlic nct. The results 'of lhis exumin .. tiun conslilute 11 

basis for the spe~ilictÍtion of /nfurtmllion /1t1.r~ fentures 
which permit the unambi¡¡uous represenlution uf ulll)'pes o( 
lnform.1tion peninentto decision •uppon ;tpplic;ttiuns; This 
reprcsenlntion must cunli~ure data such thal ull signirrcanl·. 
rclationships umon¡¡ parcels of informatiun lc.g .. among 
facts. procedures. empiricul informatinn. etc.J ure uccom· 
modated. Funhermore. lhese objcctives lor infurmation 
busc (entures must be m~t in a m:1nncr thut is umcnable lo 
proccs~in¡: fur thc: pUrpO~I of infercncc und ll~dU\."IÍon .. 

Sincc scmantics deuls. wilh thc rt/,llimulri¡u hctwccn 
symbols und wh:it lhcy denote or meun.• what Wl' call thé 
fnrormution OOsc muy be vicwed as a !W:'mantic m .. :.:hunism 
capablc of represcnting mcunin¡¡s in teirns of data .:un!igu· 
rutiuns. lis slunrge tcchnique mu~t he: ¡¡cnenrl cnuuBh to 
handle the ha~ic klnds of informatiun involwd in <lccisiun 
makinu re¡:ardlcss of thc •peci!ic dcclsiun upplicatiun. 
Thcse lype• of information ure: directivo infurm .. tiun. con· 
ccplual inforn~:otion, empírica! infurmution, .timulatury in· · 
form:otiun. lnfllrm:ttion uhout expcctutions. infurmillion 
·éoncemin¡¡ v:•luation•. und proccd~riol infurmatiun. In •ddi· 
tion the inform~liun h;.-c must t>c:.nc.ible cnuu¡:h lo rcpre· 
scnt thc oflcn iniric~lte intcrrclationships among infofmation 
parcels, rclatins thcm >O us lo c:.rture lheir full· mcaning 

·' 
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und lmruct wlth rc•r•~• to uth~r pur~cl• or lnformutlon. 
Thi• lallcr r11int ¡, raniculurly •i~niOcuntln thut it fuml~hca 
~ h .. ,¡, rnr thc •)'lllhc>i> ur ••rar;ol~ parccl• or lnformutlon 
lf•nl un: ¡¡lf IL'IatcU ILJ tht: Mln1C ohjccl, conc.:pl. ob~crvu· 
liUOII, CIC, 

Woooooh' olcnn~• u •cmuntlc nctwork lo toe un ullcmpl lO 
cuoohinc into• u •ln~lc mcch;oni>m hoth thc uhllily to atore 
f;"tual knllwk.l~c und thc uhility 10 mndcl u~~lutlvc 
cunnccoiuu• whi.:h ocnJcr cco1uln paree!~ uf lnformullon 
"""""ihlc rouon CC01ooin lllhcro. Murcovcr he lndlcutc• lhrec 
crilcriu which "'"'' he >ati•Ocd by u notutlon uscd ror 
M:nu1n1ic n:pn.a~CIII¡11ion: 

l. l.oo~ical adc4ua~y. Thc nnlullon mu•l pruvldc un ex· 
uct. fnrmul and unumhi9unu~ rcprc~cntullon 9f ~ny 
ruo1iculur intcrpr~luolon that may be civcn lo u ocn· 
hmcc. 

l. Thcrc mu•t he un ul~orlthm f11r trunalutlns un lnlllul 
scnlcoocc lnlo thls nolullon. 

l. Thcrc moo.l he alynrilhm• eupublc or u•lnu thc scmun· 
1ic rcprc'•cnluolun In arder 10 pcñorm nceded lnfcr-
cncc~ •uuJ Uc.Juctions. · 

Thc lnfllronulion husc dctullcd In thc >Ub>cqucnl dlscus• 
•Ion "'111 he •hown tu •aoi>ry lhc dcOnillon or a scmuntlc 
nctwork. A o¡ucry lunyuu~c will be ~cocribcd whlch, In 
cunjunclh'" wioh lhc lnformution hoooc, wlll be >hown lo 
•ullo(y thc thrcc requlrcmento of nolutllln¡ ror 1cmuntlc 
rcprc:Ji&.:Oiiali''"· 

FEA1'tl~hS lll' THE INFO~MATION llASB 

A •pcclnc dc·l~n und implcmentntlon of thc lnrormutlon 
hn•e l• dc•crihcd In 1 l;ncr •eclllln; lhlx desiun und lmplc· 
mcntuolun ¡, ha•cd In purJ upon thc ldcu or u n~twork datu 
bn>c ud\'unccJ In ohc CO Dr\SYL. DllTO ~cport of 1971 1 

und •uhjccl lo> c.\lcn•ion• und mudincullon' uutlincd In 
Kdcrcncc h. Thc lcrm informa1l11n hn,e, r;other thun duto 
hase,.,. u,cJ lo conphusizc j¡; lncurpurutlon or two rundu· 
meno al fculurc• "hich du "''' nppcur In the ccncnol dula 
hu•c nounu~cmcnl lilcmlllre. llollh fcuoure• conccm wuys or 
pulh:rnin¡: ,lalil lhul can "'''"'''-')' inrurmution no1 communly 
lrc;otcd In thc ~ui•c uf d;ola hllhC munuucmenl, hui or vuluc 
lll dcd>i.•n m.okcr.; lhc)' rurni•h n>cthlld• ·rur, intrllduclng 
111'0 nuwl ~lud. or o.·unlc\1 inlu dutu •tl'llctun:~. 

In oh•cnin~ lhc rm~rc .. lun rrum llncur hii'IICIUrCI lO 
trws, In nchmrk•. wc m>lc lne~·co,.cd fudllty fur rclullng u 
olul!llll wilh "'"''' dutu: lhcrc ls un incrcu~cd cupucity ror 

o •rcclf) in~ lh~ '""'c~l uf 11 Juium In lcrm• or dutu hii'IIC• 
tu re>. Tho•u~lo lhcrc ¡, lilllc cuntc~l inhcrcnl In lincur Jjulu 
llilrllcluh:\, lhl.' J~11;a cunh!'nl ,,r t:ruup~ \)r 1\Uch !'r~lrucaun:l6 

mu)' he '""d 111 rcprc•cnl orces. lhis hccomcs ~omplcx und · 
cuml~rl\unu: "'"' th.: In:"' tu h.: r.:prt:"it:ntcl.l Ltrow' in liizc. 
Sinoilurl¡·,ohuu~h it ¡, pos.ihlc too lwi>torcc >lnocturc;tuthe 
la~k "'r l'cprc .. l.!nlint: liar~c ur L'umrh:)¡, ncl·;.•ork,_ by u~ing 
cull.:~o:riun~ ~,r tr~"··lilc ~lru~tun.::.., lhf" cnllOUI be uccom· 
pli•hcJ in u fucik, >lrai¡:htforw;ord munncr. 1ñi' unulu~y 
11Hl)' he cunlinucd with rc>pcCI tu thc two. (culurco hclng 
o o 

., 
lntroduced lo.thls ~ectlon. Thul ls, ihcy can, In ~ome acnse, · 
be rcpresenled wlthln nelwork dulu ill'llctu'rco, hut •uch an 
uppro:o~h leuda lo cenuln u•ymmetries 1wl1h rc•rcct lo 
procc.,insl und dirncultlci ukln lo tho>c encuunlered whcn 
rcpre•~noinc oree~ In llncur .~tl'llctun:s. Sincc thc two fea· 
tun:~ ure not lnhero:nt In the cummon nolion or u network 
data ~a>e. wc lntrooucc thc lnfurmutl,on bu•c '" u mecha· 
nlsm which en~ompuuc1 both whilc 11llowins ~11 nctwork 
cup;ohilille&. 

'lñc n,., fcatun: lnvolvci lhd lntroduction of tho conccpl 
or re•olution lcvcll wlihln the mcchuni•m ror informatlon 
or~anizuolon, A &lmplc cxumple or thls ls describe<! by 
Winocrad.' Consider dulu nhout curo in which ~pecific 
wci~ht• und culors ure relutcd (linked) lo cuch cur; on a 
hi~hcr lcvcl or resolutlon, we may wunt lo somchow ston: 
Informal ion uhout whal thc propcnics o( CU1'1 un:,• So on . 
one lcvcl or rc•olutlon we urc lntero~tcd In Mpccinc attri• 
hule> or >peclnc cun and on nnothcr levcl wc ure con· \ 
cerned with prupcr1lco or curs. T11u• 1wo dlstlnctlvc chnruc· 
tcri•tlcs or th~ informatlon blo~e urc llnks whlch lntc~rute 
individunllnform•ÍIInn pnrccls on u el ven lcvel or res11lution 
lnlu u •in~le nelwork tili'IICIUrc und sccondly, the inlcQru• 
!Ion Clf informntlon or vurylns levcl• or rcsoluilon lnto a 
•InGle ~truclun:. We tenn lhe (urmcr chuno~leristlc "hori· 
zontnl inocsmtlon" und the lancr "vcnlcullnlcsmtlon." So 
huriz~ntal refci'i to llnkusc or cntltle• un lhc •nmc levcl;. 
wh"c¡os vcnlcul denotes linkuse oomons diiTcrent lcvcls vla 
lnformutlon purccb lhul punlclpatc In booh levcll (lhough 
lhc natun: or punlclpullon J¡ difTcrcnt on e.och levell. A 
Kuh•cquent •ccllon 11f thls pupcr de .. riheo hooh un imple· 
mcntution und the lmpllcutlons. or thl• fenoun:. 

The •e~ond outstundlns fcaturc of the inf11rmution base 
lnvolvn lt~ uhllity lo hundlc !he lntcgrulion or proail.ms 
lnto ils luglcul ilructun:. N111 only doeo thls pcrmlt the 
llnkucc or u dutum wlth u proanom lhnl u••• 11; lt ullowa·thc 
cunKII'IICIIon or nctworko <In hooh thc hurizonhtl und veni·. 
~al 'cn~c) -or procrums. Thls cupuclty has two primury 
cfTecto. Fint, 1t provldc1 thc bnd• fur modcl. formulutlon. 
Socund, 11 rumlshea u more ~omprehcnsivc mcchnni•m ror 
•~munoic rcrrc~cnlutlon. 

Thc uspect ur modcl rormulutlon lnvolves thc uctlon nr 
· rcl;ooins ccnuin module• lnto u llcoiro:d conn~umtlun. Thi~ 
n~ceoslloolc• u knuwlcil~e or whlch conn~unooions ';on: mcoon• 
ln~ful und which urc "'''· Su.:h knowlcd~ i• .oor.:d in thc 
lnf••rmalion husc'• scmunlic nclwoork. Thls uppruuch h'" 

. mu.:h In "'"'mun whh thc notl''" of •tN.:Iurcd pn>ur.om· 
min~. Prn~nonOK dcvihcd uccurdinu lo lhc ten••~ or slruc· o 

turcd pru~rununlnu' ure rcudil)' umcmo~lc 1u "'''"'U" wilhin 
thc infurmalion hase; lndccd thcrc lo ul•u thc uhilily lo •ton: 
ullcrnuolve module• (c.u .. ulicrnull\'~ funcoi,•nul rorm•)' rur 
rcñurminu u rurolculoor n•lc wiohin lhc conlcxt ur chhcr 
ulhcr mlldulc• ur a hl~hcr rc>o>lutio•n lcvel. Thc udv;onlu~c• 

· ·o( •tl'llcturcd pr.•t:r;omming in lcrn» 11f m;ointain;;hilily und 
c~h,:n,..ihilily' are u! su appurcnl in thc hlmh:tt)' t)f inh:~ralin¡: 
pn,l1!fUffi muJul¡;,. ÍOIO lhe J.,t;iColl l'tln1C1Ur¡,: o( Un infl.lr1

0\1l• 
tiun h;,c, Thal is, it i• possihlc lu oodd, rcplacc or dclctc o1 

mudulc In thc samc m;onncr lhat """ wuuld udd, rc('hocc ur 
dele le un occurrcncc of datu, , 

11 ¡, u>dul al ni;, junclure to puint out a dl»lincti"n 

' l ., 
! 

, . .. 
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-· -·-· ~~~·ccri ,.~¡Q;~ulurll-y-1tnd-.t~m9n•m~rcwlullon. -The 
·· --·- 1Jcií.o1 rnolualon lnclulao p<~o:• under lhc numo oflevel or 
- •"-lrucllon. Dijkalru' lndiculealhul cuch lcvel o( o ay11em'a 

,.,nwure hlerurchy conalhulea un ub•lrnct .reauurcc whlch 
.,..nlclpulca In lha nul hl~her lcvclun.J whlch hua uvulluble 
111lllhC rCIOUfCC6 o( lll\I'Cf ICVCII, Su ", , , Ul onc lcveJihe' , 
rrt•~rummlns umounll tu munipululllln or lho: ub•lrucl re• · ·; 
"'urcca auppuned by lhc nc~l luwcr levclu( lhc hlcmrchy. 
Tho pmarnm• ut 1hu1 leve! munlpulula uh•lmcllono-the 
;~lo•lrucllon• or lhe reaourcc, whulewr 11 mur be-und ui 
thc aume lime punldpulo In Bllnenlllns u hl~hcr leve! or 
~b•lruclfun (<Ir lhe nul levo:! o( lhc hlcntrchy lO munlpu· 
~1\c."" Funhermore. Millar untl Llntlumoo.J ••I'IJCIIIhul M 

" ••• hlshly mudulur lmplcmenlullon la o na In whlch •pe· 
cine runcllon• urc pcrfurmcd by Kpcclnc mudulca t•nd 
nuwhcrc clsc); on thc olhcr hund, a ayalem which prcaerves 
a. hlcn~rchy or ubalrucl re•o.urces would uppcur 111 rcquirc 

· mudulurhy u u mlnlmum, und pcrhupa u grcul dnlmore 
'Óiruclure' ." 10 Such a alruclurc is crrecllvcly 1rcu1ed by lha 
lntllrmullon bulé roulure or rc•olullon lovell whlch ullows 

' 1 1hc amngcmcnl or progmm rcsourcn lnlo lcvcla or ub-
llrucllon. 

Tha sccond errccl or ollowlns lhe lnlesrallon or pro­
Jrumalnto the slructure or lh~ lnfQI'mntlon bulle lalhc more 
éomprehcnslve scmuntic repre~enlullon lhal ls p~rmlncd. 
Much.lllcruturo oboul semunllc nctworksla concerricd whh 
thc nelwork rcprescnlollon or Enali•h scnlcncea te.g .. sce 
Referenccs S and 11). Thcac scnlcncca conslsl or pancms 
o( vcrbs and argurhenll. The lyplcnl dcclslon mukcr who 
querles the lnrormntlon base requeslalhe cxccutlon or aome 
. modcl (l.e., opurulors, vcrba) uslng conuln duln (l.o.,oper· 
anda, argumenls) 111 lnptils. Thc u•uul dula bnao struc1ures 
hundle lnformullon uboul urguments only: lhe meunlngrul 
opemlor conlexls In whlch such urgumcnts may uppeur ls 
nol rcprescnled In Slundurd typca or dula base slructures. A. 
more dclullcd di•cunion and pnlcllcul uppllcullon o( lhls 
fcnlure or rcprescntlng progrnma In un lnformullon bulle la 
prescntcd lA Rcfercncc ll. The rcmalnder or lhis pupcr 
rocusca on deuúls und cxumplcs or lhe resolution lcvel 
fcolurc and on lhc u¡ilhy or lhe lnformullon bus.c us u devlco · 
ror semanllc reprucnlollon. · 

REQUIREM'ENTS FOR A DECISÍON SUPPORT 
,SYSTEM .... 

Rccall · lhol, In lhla papcr, we are prlnclpully conccmed· . 
Whh lhe Jnformullon base frOI)Ilbe Klundpolnl o( Jls CDnlrf• 
bullan ID ,lhe rcullzation or o gcnerul d~clslon support 
syítem. Ahhough thcre uro •ovcrul fuccll lnvolved In 
reuchlns dccl~lon•. wc lnvc"lgnlc lhrcc In punlcular: tnror· 
mallan ncccu, modcl furmulnliun, und unalyals. Thc effi· 
(acy or u dccl•lon •uppon •Y•Icm muy be cvuluulcd In 
lerms oflls n~xlhllily, facili1y, scupc,limclincsl und costln 
•úpponlng lhc•c lhrcc racell. 

'Wilh re1pccl to lnformalion ucceu lhcre musl be a 
~cchunlsm (or lhc •y>lcmulic, inlc~mlcd IIOnt~C O( all 
pcnincnl lnformution. Thc ln(ormalion ba'e outllncd nhovo 
provldea jusi surh a mcchanl•m, lhrouch both hor:izonlul 

und ·vcnlcul lntct¡rnllon Dnd lhniU¡th ·h• .cupucily tu ro luto 
opcn1111rs whh o:uch tllhor untl whh Ul),tUmcnl•. 01\·en •uch 
u slont~e mcchnnl•m lhcrc mu•l be utcehnlqu~ ror inlcrm­
gullng tund mo.JI()'Inul 11 lhul c:un ho 1114.'11 hy ~cci•i•'" 
mukcrs who urc nol ~umpulcr cxpcna ur'proyrumm~"'·· Thc 
qucry lnnlluugc ror uccumpllshlng lhi•IN prc•~nlc.J l:tler: 

Tho •ccund ruccl whlch mull btl ouppunedla lhc ""livhy 
' or modcl rur'mulallun. Thl• ruco:l n:reru hitih io nltlll~l· ll'o;,¡ 

ure aub•cqucntly u.e.J r,u pur¡ki.OI ur unnly•l• untl 1u 
modcl• In lhc •cn•c uf plun• 1u btl lmplcmcnlo:ll. Thi• i• u 
Cntcluiuhpcel f<lr rCMtlVIng un•lnt•'IUN~ pmhl~m• llhll ft>r 
auppoitlny lhc cxplurulory llhpcclo ur tlo:ciMiun muklnc. In 
ahun,· lhc· tl•cl•lnn •uppun .y.acm mu•t huw u c.•mpuncnt 
ror lhe aenenttion und ovnluutlon ur nll~mutlvn fllr uchicv· 
lng u Ílulcd goul. A• ulrc111ly lntllrulctl. thc lnfonrnulon bu•c · 
conlributcs lo auch un cnd. 

The dcclslon •upport sya1em musl ul110 provlde for lhc 
acllvlly ofunulyais; l. c .. lhc nuln1111f dulu whh modcls nnd 

. models whh dulu, 1hereby rc•ultlng In 111me upeclullon, 
bellcfs or· knowledgc. lmpllch In. 1he vcry nuture or 1hc 
phlnnlng ~cllvhy ls 1he dynumlc quulhy or 1he Interface . 
belwcen'modcl und dn1o; for oven lhough a collec1ion or .. 

· duln mny be compurullvcly aluhlc uvcr •omc time period, ·. 
!xJth lhc prublcms ond lhc mndcls u•cd ror prohlcm lOivln¡j · · 
muy be aubjecl lo frequ~nl ullcr.tllun. ~u1lcc lhul a modcl 

. opcnttca on 11 pnnlculur aub•cl· or lhc en tire collcction o( 
opcrunds uvulluhlc, _und. h rcqulreo u •-.:nuln conncurulion-:. 

·o( lhls dula aslnpui_;'We contcnd lhnl lhc lcdlou•. i:umbcr· 
somc IKak or inlcrfucing dutu und modela ror purposcs or 
unnlysls should be uulomali~ully hundled by the tleci•ion 
auppon ayslcm In rcKponac 10 lhc commonds of u non· 

· progmmmlns user. Tha mclhod r.,r uccompliahinJJ thls la 
dlacuned In sub~~equcnl sccllons. · 

' . . ' . 

. . ··~.· .. 
Wc now pre'Cnl a ronnnl dcacripllon of whatla meanl by ..• 

· lhc term "lnrormntlon bulle." Wc dcrine o record occur­
n:nce lO be D unlquély lnhelcd 11J.lllfC1lliiC o( dula (l.c., llring 
or aymbols). Whcre ¡+ ll lhe liCIO( po•ltlvc lnlc&CB, lcl X. 
be tho acl or luhcls WIKjiCinted wilh a nnlla act or record 
occurrences,, such' lh~l X,CI'. A record lypc, uniquely 
denolcd by lhc_Jubcl p1, muy ho det«:rihed by a function r 1 us 
follows. Dcnnc·R. us lhe scl or ull r1:X .-10.1} •uch th1tt: 

.. ··,,. 

(1) V .re v ·~ l.r)• { 1 tr .r 1• ~r lhc typc labclcd p, e•• l 0 OlhCTWI•C 

(2) 'v.rex •• ~ rl(.r)~l 
(3) . •.Vr1eR.,,! r11.r,)>O whcre X0 •(x,) 

1 

Propcny tll. llulca lhut r1 dcnnealhc collcctiou ol' .rEX0 or 
lhe lypc lubelcd p1• Propcny (2) lntllculcs lhal cuch .. E'i.X. 
cun he long lo ul mo11 onc p1, Propcny t3J atulcslhul ouch r, 
ls non·lrivlul. ' ... 

llcforc .tl.nning x. ror k>O, we nolc 1hu1 P ... tp,} i• lhe. 
ICI of allluhell a.soclnlcd whh lhc cl~mcniK o( H •• l)incc X0 
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'.la nnlte .• ·we cnn .. defina lhcsc lubcla auch thul P,cl•, 
P0nx,•t: funhcrmorc we cun define cuch of thcse acta ot 

---' · lubela ouch lhul 11 has no clemcnll In common whh anY,. 
olhcr 1'0 • Define: 

X, •(p,el', J3xeX,: r,(x),.O)UX. 

x, •(p,el', l3xex, ~r,(x),.o}uX, 

x,•(p,EP.,., l3xe.t:,.,:r1t.rl,.O)ux •• , 

11 followa from thc dcfinhlon of X, und H lhnl lhcre mual 
exill a K su eh lhul X, .. x,., •. , . : lhcn lcl X .. X,, Ob­
serve lhal X ls thc scl of hobcls of ull record occurrancCI 
whhln 11n lnformuoion bu•e: lhcsc lubeb urc uniquc ldcntl· 
Cien, thcrcby scrvinu •• informullon bu•c kc¡·a. All occur­
rcncea of a record t¡·pc ucnolcd by lhc l•bd p cun be 
dclcrmincd by IUCCCSSÍVC uppliculiORI Of lhe fUnctlon f lO 
che acl X. Thc mu~nlludc of K lndlcatca lhc lcvcla of 
rcoolulion lnhcrenl in thc informutlon bu••· Thc rcndcr wlll 
notkc thull' ls ulwuy• a ~ubscl of X: lf h wcrc nol ucs!red 
lo 1rcu1 ull record lypca as record occuoTtncCI, onc could 
dcnnc x-x •. ,. Thcrc nrc Hdvunlu¡¡cs lO úclining x-x .. 
c•pcclully for purpo••• of uilcrlng thc logioul slructurc of un 
informulion busc uflcr h hu• hecn lo:oúcd. Thls wlll be 
eluborulcd in a sub•equcnl secllon, 

Conlinuins. wc now formully define l~c lnformatlon·acl 
lln·scl). Thi• conotruct, •• lmplemenlcd In lhc lnformutlon 
ba11c,la dru••n In pun' from thc "~1" iucu of the CODA· 
SYL DUTO i{cport.' hcnc'e lhe tcrm "in·set.'' lllalmpor­
tunl lO diff~r~ntlule lhi' from lhe f:omfllur nollon of D 
malhemutkal •el. l..cl (!1•ti'EX 1 r,~r),.O}. lf u funetlon 
uasoclutc• cuch clcmcnt of h• domuln wilh no more lhan 
one clcment of ha nangc lila sulu In be u functional relalion. 
Thcn ench funclional rclalionf:Q;-.Q, unlqucly ddinea nn 
ln·•cl uf which lhc record typc r1 la •uid to be ah e owncr ond 
lhc r"onl lypc r1 la c;olkd. the mcmbcr. 11 l• linponanl lo 
muke acvenal oh•ervutions ahoul lhc ln·scll o( an Informa· 
llon buac. lila pcrmiulhlc. und aomcllmea uaeful,'lo ullow · 
/•J. Second, un ln·set may be u•cd lo •••oclute record 
lype• ofdiffercntlevcl• of rcaulutlon. Thlnl, the acl F of In· 
seiS of on Informal ion hase .musl he curcfully dcnncd 10 

thal ha elcn1cn" uro con•lslcnl; e.s .. ene •hould ucn:lse 
cuullon in údinln~ l>olh / 1 :(J1-o(J1 und f,:Q,-(}1 us 
clcmcnta ofF. Finodl)· lf / 1 :Q,-(}1 und/,: (!,:...(.!,, lhen we 
cun furm the cumposilc ln·••t/1•/,:(}, ... (}t dcnnod hy 

llo•f.llx) • /,(/,!.•)) V.r eQ •. 

Thla l• •umctime< dcslrahlc frnm lhc Hlundpolnt llf nceen 
cmcfcnc)': ll uiSU ulluws UK lO UIIU~h hp.:dul sl~nincunCC Or 
mcaninu tu ccrtain ¡;ruup!. of t.els. · • 

Thc furcguin~ ¡, a furmul uc<crlpllnn of lhc major feu· 
turc~ uf th~ infurmoalion huse. h uccuunl,. ftlr h1.llh the 
htlriZtlnlnl intc~r:ali,~n t ,.¡a in-se h.) um.l verticul inh:g.rathln 
(via resolution lcvc:hJ of inf,,rntath'n inlo u t~.in);!:l.: mc:cha­
,¡sm. In orucr lO iiiU>Ir.olc lhc li>C nf rcMolulion le veis, we 
.1pply the uhove furnoali"'" In thc prnhlcm (sce \\'inucmd 1

) 

or rcprc~cnllnc inr,u·m;tliun uhtH.l( cur~. In lhi~ prnhkm cnn 
urc tu he dc.crihcil in lcrm• nf colnr und wci~lu: in aJ<Iilion 

wc would·llkt lo denote lhal color and welghl nre proper­
llca. Supposc we huve record occurrene.•• •• ahown In 
Figure la: lhCic ure ldcnllncd by thc respective lubcll in 
X,. The ael R, ls oliO ahown; by ln•pcclion we see thal R, 
••tl~ncs thc ncedcd condhlons as given ni lhc bcginnlng or. 
1hi1 acctlon. Thc funetlon r1 determines whcthcr or nol on 
clcmcnt of X, la óf thc lype color. Simllurly r, ls ossÓCialcd ·. 
wllh tha typc wei~hl und r, la auocluteu wilh thc lypo cnr. 
In our lmplcmcrítnlion eoch r1 dcOncs (und ls denncd by) a · 
llnkcJ llst of occurrcncu of lla lypc. Oiven X,. R,, and 1'1 

we upply tha rule fur dcOnlng X, lo obtuin thc resuh shown . · 
in. Figure lb. R, ls olso givcn ond clearly aallsOes lhe 
neceuury condillons for Ita definhion. Appliculion of r, ,lo· 
elcmcnll of X¡ can bo uacd lo determine which clementsare 
vehiclc propcnlea. Figure le clvu thc X, thnl follows from. 
lhe ucOnhion. lf wc luke R1•0, lhen X•X,. ' 

The occurlenees nnd ihelr "venlcnl" relallona wllh each , 
olher urc dinpnommed In Fisura 2. Al so dcpicted are 1wo In· ' 
am:/1 llnd/1• Ualn¡¡lha dennitlons uf Q,, Q,, ond Q1 givcn 
In Figure 2./,:Qp>(J, ond f 1 :Q,-Q,. The arrows In lhe 
diagmm poÍnl from .lhe owner of lhe ln-scl lo thc mcmber: 
l.c .. cnch airrow polnla In thc directlon oppositc lo thul In 
thc nolullcin ofIta correapondlng functionul rclutlon. Uslng 
lhc formuli•ms lnlroduccd here lt la o aimplc maller to 
represen! :an extended problcm incluuin& oaher klnds of 
vehlcles,•i more propcnlea, subcluulflcutlona of propenies 
(e.¡., tllritctuml, functlonol, ele.) und cven propcnics of 
propenl .. , 

An 111/oriuurlon balt fur II'Uitr qun/11)• muna1Jtmtnl 

More ~dclalled dlscunlona of lhe wutcr qu~llty manll8e• 
menl problcm muy be found In Rcfcrencea 14 ond U. Thc · 
objectlv,e of lhc exumplc prcsented In lhis ·scctlon ls lo 
dcmons¡rutc the oppllcRbllily of thc lnformalion base as o 

" . 

9 
1 ' 
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devlce for CHplurln~ the semanllcs used lo suppol1 pructlcal 
dcci•ion problems. Al this point, we presume lhul thc 
rcuder hns u >Urficicnt conccpl of whnl nn informallon buse 
cnlail• 10 obvinte thc nccd fur complolc formnli5tic dc•cripo 
liun. So for lhc su k e of cconomy, lhc follnwinu c.umpic is 
prc•cnlcd in • less rurm:tl manner lh:m thc prcvlous une. ll 
will be use<' lo dcpict ccnuin implcmenl:llional dcluils (c.g., 
~mguagcs in which lhc infummtion hase ¡, >peci!icd unil 
wilh whlch it is ulilfzcd). · 
· Consldcr thc record lypc POLLUTER, displayed In 

. Figure la. Thls ·~~re~ulC of dutu ltcm typcs roprcscnls 

b. 

.... . .. 

. '{ '· ·,. l 

fiCUfC 3-Ailtit..ilti,'o( a loaoicaJ 'INC1UR 
: .. ;~~~~~~:;;:~t· 

mensures of.lypcs or pollutcr uctlvlty·for·n·~lven· dulk So. 
oc:currcnces or lhls recnrd lypc com:•rond lo mcusurc· 
mcnll luken on vuriou• dulel, In ardor lO bulld u •cmuntic 
nclwork, we musl in•licalc huw thi• conccpt uf POLLUT· 
ER lil• lnto thc pallcrn of knuwi<J~c conccrninp wntcr 
qunlity nmna~cmcnl. A pulluler ls prupcrly chamct<rizcd us 
bcinc. u prupcny of u rivcr rcnch .. Othcr prupcrlics or u 
rench includo rcnch· pnramclel'll, hcudwalcr, in•wmcntul 
now,_ unJ trcuimcnl pli!n, So 11 rcm.:h i1l C'hlutlCI··rized in 
lcrms Of lh~se prupel1i<• liS foliows: U rcuCh la 11 ('Ol1ion Ol 

• rivcr in whlch ccrtain waler qualily p:~r•molors nre 
rclnlivcly invurinnl: which h:~s nu ""'"' lh:~n one (poinl· 
5ource) polluter, onc incrcml.!'nthl nuv.· or une hcildwo,tcr: 
nnd which mu•l pu•••'" lrcnlmcnl plan•. This could be 
reptescnled in lhc inf<>rmution 11:•..: hy occurrenccs ur lhe 
REACH PROPERTY rcc<>rtllypc displ:~yed in Figure 3b • 
However, obKrve thal cnch occurrcnce uf the daln hem 
NAME (e.g., "POLLUTER,'. "HEADWATEN.," "PA· 
RAMETER," ele,) la also lhe lahelofu rocurd lypc which la 
ilself an oggregnle or ilem lypcs nnd which muy huve 
numerou• occurrcnce¡, So, for ln•lnncc, "POLLU:TER" 
denoles un occurrcnce of REACH PROPEI!.TY: bul.ll also 
dcnolcs B record type (shown in Fisure la). Thc"'Silmc 
tircumslnnce holds ,fur 1hc uther rcueh propenles. Í~ough 
1heir record lypcs ure nol Jcpiclcd herc. The resultnnt 
loglcnl slruclurc ls illuslruled in Fi~ure 3c; u rccord lype 
ench111Cd by nnulhcr record 1ypc lndicutcs lhullhe enclosed 
record lype ¡, ulso un occurrcnce .. r lhc cnclosing record 

. lypc. ~ 
Wc con1lnue lhc exumple by exnmlnlng generul •water 

quolily modeling churucle~isll,es. In order to simulnle Water 
qunijly we nced lnform:l!ion nhoul lhe fullowing: thc rivers 
lnv9lved, lhe renchcil. which ure in euch rivcr, en.:h n·nch's 
prc¡pcnlea, juncliuns, piplng plnns. unJ m••del f":tr .• ·:~:ten. 
TJlis ls shówn in !he struclUrc or Fisure 4, ~ ·· < '· ·" 1he 
record lypc GMC bus lwo ilcm typcs: C'li.~k ·:. · •· .'"ris­
tlc) und 1 MPT (u mensure ofthe rclativc imponur.; · ·! cach 
chuntclerislie), ·Flve occurrcnccs or G M C u"· •hown: 
RIVER, REACH,JUNCTION, MO OELnnd PIPE PLAN. 
Geneml Mudellnu Churucleri~tic is nollhc only propcl1y or 

DDD 
.. 

liACM 8CfD1'1. (acrt) 

., 
.... .! . 

.... 
Ft,urc 4-Eaumplt or ~c:aJ •lrut~uro tGMC) 
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• ,esmeril 1hu1 necds lo be rcprc•erilcd: Local Modelins 
Char•clcriilic• tLMCl urc ulso nccdcd. (Thc lcrm scgmenl 
is u•cd 1<' indica le u punlculur ureu uf u river ba•ln.) The 
úcl•lil• uf \he hi&h level record \~pe LMC llrd nol •hown 
hcrc, hui \he~ úe>crihc lnfurnmlion uboul non·poinlsourccs 
o( pullulion, pcrmi10 for pulnH•ourcc pollulion. \fcalmcnl 
plunl con~truction ilntu•. pc:rmil vioh1tiun do1ta, etc, Aa 
>hown in FiGUI'C 5. (j M e und LMC llrc occurrcnccs or 
SEUMENT i'IIOPEKTY which ls ilsclf un occurrcncc or 
•he record \y pe WQMA: U AS IN und SEGMENT ure also 
occurrcncc• of 1hi• record lypc. The informalion ba•e could · 
he funhcr CX\cnded lo Íncorporule U>pCCII of Jand USC 
plannin~ •incc 1hey inOucnce und urc inOucnccd by wulcr 
qualily munagcmenl. 

The f<>re~··ing logicnl slruelurcs ore lnililllly dcfined In 
lcrms of un lnform;Hion Dc.cription Lunguase (1 DL). Uso 
of \he 1 DL lo define lhc logicul Klru~:lurc of Figure 4 ls 
pre•cnlcd in Figure 6. Thc spccllicullon shown is lurgely 
•elf·explunulory. Euch record lypc is followed by lhc hem 
lypcs which compo.e il. lflhe record lypc is of• hlgh leve!, 
ihcn hs Ílcm \y pes are followcd by • spcclr.culion or !hose 
record types which nrc it• occurrenccs. Dcfinition of un In· 
scl must he preceded by specificution• of hs owner and 
member record lype•. For •implicily, dclullo of lhe lype 
und llizc of itcms ttrc not shown: also thc ordering criterion 
of euch in-sel is nol shown. 

A LANGUAGE FOR DECISION SUPPORT 

Thc rcuder wlll ohserve from lhe prcccdlns dlscuulon 
lhut \he úccbi"n ·'"PPOT1 syslem hu• two busic componcnls: 
un informution bu.c und u query lunsuuge, Clcurly lhc 
u-.ubilily of u scmunlic nctwork dcpcnds upon lmplemcnta­
tion of u lun&uaue wilh which onc can cxlruct (inscrl) 
mcuninu• lhul 11re hcld in lhc semanlic ncl. Nol only urc 
scmunlics conve~ed by ·• panicular lunguuge, they are 
limilcd by il us wcll. Thc languuge is used tci express. 
mcunings, hut it ul•o dclincultl the klnds of meunlngs 
whh;h urc c.\pr~,.scU. \Ve cun devise urhitr.arily complcx 
•<mil ni k nc\works, bul their u:~~~bility ls tfrum lhc pruclicul 
slumlpoinO constr•incd by the lunguugcs tund l:•nguuge 
proco-.on.) which can he inlcrfuccd wilh thcm. Observe 
lhcn lhat lhcre ¡, 11 rundamcntul úuulity uf t 1) lhc lunguuge 
in which iU~o.·at.: un: C:\pr~ssc..J. ami ~~~ thc !ilructurul reprc .. 
l'l(nt;tti''" uf iJr:as in un information bm•c. On tht othcr hund 
the '"'mun1k · mcchanism musl be cupuhlc of 101klng full 
adVOIRiiiGC ,,r lhc lunguagc·· powcr. In lhc •••e or lhe 
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imrlt:mcntution dc1cribc:d In thii pOtrcr. thc qucry lancuage 

1,. tht constrainint; fó\ctor ,.incc it is inh:nded primmily for 
¡he rlaCtical 5U('If'011 of dctbinn :1Cii\'itic11i o( managcri in 
..... lh lhe public u·nd rrivalc •eclors. . . 

lmrlomcnlulio" of u mllur•l lan~uage le.g .• F.n~lish) 
rhtets,.ur is ccr1uinly a nnhle .o~j .. •cti\'c. lt is our u.pcricnce 
lh~•• ll•e lypicnl dccisi1.1n nuakcr ncíth~r Ut.cs. nor nccds,,u 
.:''"'PI(!'h.: f¡u;ility for convcrsintt in u naturJI ham;ua{!c. 11 
,,(1..-n harp.:ns that phmscs ur _ch1uSt:s ure sufficicnt lo 
~l\O\'t)' un idea•~ thcrc :are ¡;r.amrruatko1l construcls (c.~ .• 
rL•Ot:\ive. paS)Íve} which oare nut p;~nicularly p.crmome to 
tlu: d-=cision ¡u;li\'itit::. of inform:uion ~u:ccss. moJd formu· 
t;1tiL'•n. und etnalysis. In addiaiun lhe dccision m;akcr i~ more 
rronc lo dcsirc infl..lrmation convcyecJ in a tubular or 
~raphicul fu>hion lh:IR in a narnoiÍVC mude. JI has ulso been 
found lhal lhc u~er sillín¡¡ al u compulcr lerminal has a 
tcndcncy 10 use ubbrcvialions und concise mulhcmalical 
notatlon. 

Wilh lhese fac1o111 In mind. 1he query lancuace lo be: 
oullincd here has .bccn dcsicncd 10 mccl lhe needs of 
dccision makers for nexibilily and brevily of expre~sion, 
wh~e al lhe same lime bcin¡¡ eu~y lo lcum ond u1ilizc. The 
qucry lan¡¡ua¡1e is cffcc1ively • sub~l of En¡¡lish 1hu1 has 
been exlendcd lo ioclude swndanl mulhcmulical operulors 
(i.c .• rclationul, ¡¡rilhrnclic. and univ;uiate und multivnriule 
(u~ctions). The fucus he re is u pon use of lhis l:oncuu¡¡e for 
inlerrosution. though it may be used ror dula crcalion u.nd 
modificalion us well.' 

(COMMAND)(FIND clmise)(CONDITIONAL cluusc)" 

or allemalively. 

Thc slundurd fr•mework .of lhe lan~u:a~e consists ••f u .. 
collcotion of orcml<>r> tuscd in lhc capacil)' uf •crl>s. 
udvcrh5 und mJj.:ctivcst rci;Jiin~ llt urcmtktns l)'('licoall)' 
pcrfurmcd by mo,¡t ~ccision maL.crs: thcsc tt(\'.!r.tto~ ur~ uf 
lwo kinds: comm:ands le.~ .. LIST. Pl.!>T. S1'AT. KE· '. 
GKESS. ele,) un.J malhcmulical opo:r.olur. lc.p .. ~1.-\XI· 
MUM. AVEKAGE, a,+.<, clc.l. In uddiiÍ•>O lu lhi' 
st~1nd:,nJ fraincwork the u~.:r m;.1y t.lr:linc ;,r¡;um¡:nt~ (u!-lc:J in 
thC Capacily or Ol1U0ll). synunyms ftlf U(}!Uffii!OI!'o ~llld úfk!'I"OI­

tors. und any runhcr UJX'niiOr.\ Ci.e .• ('mlJ;!fllffiS hl he intc• 
gr.•tcd into thc informo&li~~n has.:) tho•t urc munJ;m.: hl th.: 
p.anicUiar dcciti.illO mnkinp. npplicotlinn lll h.: SUJlftllncd. lñi!lo 
dcfinitiun j,¡ effccled in h:rms of an lnf~.,rm••lion D.:s~o.·rirai,m 
l:.an¡¡uuge(l DI.) whi<h c•lul:lli•h<> lhe oonlcXIIsl of ull data. 
urgumcnls und opcnllors. TIUII is, Íl defines 1hc ""mun1ic 
nel. 

Dcluils of the qucry processor ure no1 discu•••d in lhis · · 
paper bul may be found In Rcference• 16-18. Brieny. lhc 
query lunguuge hus a conltXI·S<nsilivc gnommur; invcrsc 
tmnsformulions ure used lo lakc a suñace Slruclurc query 
inlo a decp slruciUrc cxpression In u languu~e having u 
conlext·free gr•mmar. This dcep slrurlurc uprcssion is 
compilcd using well-known melhods of S)'nlux·direcled . 
_unnlysls: Parts of lhe compiled expression are uscd us inrul 
to nctwork tmvenml routincs which makc ~o'\tr.lctions from 
lhc inform:llion basé for use in unul)'>is ind•.:ulod by lhc 
qucry's commund (verb). 

The query's synlax appcars as follows: 

(CONDITIONAL CLAUSE)(COMMANGl)(FIND CLAUSE). 

So sorne sample queries are: 

LIST REACH.NAME,REAERATION.PARAMETF.R ANO REAERATION.EXPONENT. FOR DATE=IIOI15 ANO 
REACH.LENGTH<.9 

WHEN DATE=Il017S, · PLOT REACH.NUMBER VERSUS AMMONIA.CONCENTKATION ANO· 
DO.COI'ICENTKA TION/LOG¡TEMPF.RATURE) 

LI!>T GENERAL.MODELING.CHARACTF.Rl!.IIC IF IMPORTANCE>J 

Thc luncua¡¡e ullow• un y mcunincful conficuMion of urgu· 
'mcnh and malhcm:olical oporalurs lo appcar in lhc FINO 
und.CONDJTIONAL clau•cs. 

PROCESSING, HIGHER LEVEL RECORD TYPES 

Upon rcccipl of a qucry, lhe query processor gcncr:>lcs 
. tpproprialc cornmands for troJ. versal of a muhi~levcl nct­

vork. Thcse cumm:1nds are opcr..alors in un lnformalion 
Manipulalion Lmgua~c tiML). Wc use lhc lcron IML lo 
dislinguish (rom lhc Dala Manirulalion Langua~c 1 DML) 

proposed In lhe CODASYL DBTO Repon.' The DML i• 
intcndcd lo permi1 ucce,.;s. modificntion amJ relriC\Ial rora 
single levcl nÚwork dalu bu•e. Thc IML has lhc more 
exien•ivc funclion or fumishing lools far manipulalion of 
lhe informa1ion base. Thus the 1 ML conlains oper.olors for 
homdling, lradiliOnal DML functions" ami opcroJ.Ion¡ for 
procc .. ing higher levcl record lypes. The lallcr are dis· 
cu .. ed here. 
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In lhe DML, roulinc• exbl for <reullns a record occur· 
rencc ul u uniquc l<>ention denutcd by it• key. The IML 
includca anulug:()Ui ruulinci for !tpccifylnc thul un e"isting 
record uccurrcncc he trcnled U.i a rcconJ type us well. 
Thc:rc urc four ~tuch commands: 

CRTK-Creut~ Kecord Typc bascd on o civen Key 

CRTR-Creule Kecord Typc hused on 1he corre'!l 
occurrcnce of onolh~r Kccord lypc 

C RTO-Create Record Type bu•cd on lhe curren! 
Owncr or u civen scl 

CRTM-Crenle Record Typc b•c,ed on lhe currcnl 
Mcmbcr of • given ocl 

Anothcr 1rudi1lonul DML. op~rulor (AMS) ndds á Ípeci· 
licd record occurrcnce us a Mcmbo:r of a givcn Scl, A 
similnr IML operulor is used for udding an exl11ing occur· 
rence or one record lype as un occurrcnce of unolher record 
lype. Note lh;ol ulilizalion or lhis op.:rulor musl be pre· 
ceded by o ccncraliz:llion of 1he ddinilion of u record lype . 
which wus inlroduccd <~hove trcu lhe dcfinition is gcncral­
izc:ll by rcmo\'iflt..: lh.: rcslriclion th.at L, r,U)SI, V.rEXk• 
whcrc r1Eilt). ·: hi, üpt.:mlc.>r is AORT, Add qccurrcncc to 
Record Typc. :ond i1 uses 1he kc)' uf lhc o<:currcnce lo be 
.1dded. In cunjuncliun wilh comm;onds fur lhe locical re· 
slruclurinc uf u n<lwurk d;ola h¡¡sc.' AORT providea lhe 
¡¡hilily 1<> ¡¡dd und <kkte hi~her leve/ record lypes und udd 
cxislin1! '"'·curr-.·,H.:'-"' h1 hiL!-h.:r lt.:vel n:conJ typc¡: unü lhls is 
n<:cumplh.h'-·ll with\llll dumping am.l rclo;u.ling dala. 

Finnlly opor.toro are nccded for dclorníininc lhe key ora 
record lype, givcn "" occurrencc of the record lype. Thesc 
commands are: 

GKRR...;.Gcl Key of' lhe Record l)'pe for lhc curren! 
Record occurrence of lhnl lype 

G K RO-<lel Key of the Record 1ype whosc occur· 
rcncc is lhc curren! Owncr of some scl · -· 

. . . l 
GKRM-<lol Key or lhe Record 1ype whooc occur­

rcncc i• !he curren! Mombcr of sume acl 

Thcoe Uptl'i<h>r'li pruvidc lhe C:tpucily lO procecd from a 
lo'-'·cr lc:vc-1 u.:currcnct: hl u hil!hcr lt:v.:l occurrc:ncc, whcn 
uscd in cunjunCiiun wilh lntJiliun:tl DML operalors. 

11 OIUSI tlC emph:t>izcJ th¡¡l lhe l)'picul U.Cr of lhc qUCI'}' 
~)'stcm n..:tJ~ h.J h01vt: nl) knowlcJ¡:c or thc IML open1tors. 
fur lhey urc <~Uiumalic<~lly <el up :tnd ~~L'\:Uicd by lhe qucry 
pruccssor in n.:spun!\e lo u u~cr qucry. 

ADVAN,TAUES OF THE RESOLUTION LEVEL 
FACILITY 

Wc conlcnd lh:ll lhc concepl of rc>nlulion leve/o eiTcc• 
livcly ltdds u ncw dimcn,ion lo the lidd of inform:tlio~ 

&lont;e. The preccdlns discus•lon hiiS IIUI'J:CSied a mcnns 
ror opcnttionalizins lhis concepl as un cxlension lo lhc 
lmditional >in~le-level nclwork approuch. One udvunlnge b 
lh:tl muhi·lc•·cl •cmantic nelwork• muy be slorcd wilhoul · 
intrudueing asymmelry in thc inlcrprclalion :tnd processing · 
of in·ocls and record lypcs. Since a record type m ay al so be 
delincd 10 bo an occurrence of a hisheo level record !Ype, 
thc uddioicm of a record lype is lreated hy crealing a ncw 
record occurrcnce al lhe next highcr lovel. Thul .is, we 
rcmuve thc dislinctlon t>c1wcen dalo vnlucs ond lhe 51nJC• 

IUr:t/ pallcm nccordln¡¡to which dulu l• or;anlzcd. In olher. 
word•. thc 1Úms "unrihute" and "va/u<" •re recognizcd 
•• hein~ rcla1ive, so lhul whol i• a vulue on one lcvcl is un 

. anributc on anothcr und vice versa. 
From ••nc \'icwpoint lhis aoolishcs lhe opeclnl Slalusof an 

1 DL spocificulion by permining record lype delinhion lo be 
a dynamie proccn. That is, lhc cr<alion of a ncw record 
lypc i• •)'nonymous with lhc crcotion of a ncw recoid 
occurrcnce or a hl¡¡her lcvel record lype. Thus lhe 1 D.L 
•rccificnlion or thc hlghesl level of reoolulion ls eiTeclivcly 
reduccd le> the dcfinilion or lhrre recort! lype' (onc de"ril). 
in~ inform:tlion uboul record l)'pcs, unolher reialing 10 
informalion aboul sets. and one wilh vurious syslem infor· 
malioO•) :1nd some in·sets bc1ween them. This dcfinilion is. 
olways thc sume resurdlcss of the conlenl and struelurc of 
lower r<s.l/ution lcvcls. . 

A 1ccond advanlage, nlrendy mcnlloned in conneC:Iion 
wilh inle&rJiion or' procrum• in lo lhe informa don base, 
concems " mechonism for handling lcvel• of ab•lruclion ill' 
soflw:tro. A lhird udvunluge ls !hui hishcr /cvel.-ecord lypes 
muy h< usod lo charuclerize arcas of an informalion base by 
u"i&nin~ record lypcs of a panicular urea lo be occur· 

· rene~• or a highcr level record lypc; 1hcse oreas moy be 
delincd ror a variely ol r<~tsons (e.g., ror ,informulion 
security, lo denote scenarios. lo dclimil runctional areas,­
which may overlup, ele.). As thc informution base bo:comcs . 
lnrce nnd varied in conlcnl, lhis tcchnique may 11lso be u:¡cd 
10 re:tlize efficiéncies In pulh dclermin:tlion proccs.lng. by 
limiling the scope of nelwork tmversal 10 a panicular 
infornmtjon base arca. 

THE INFORMAT10N BASI! ~A DEV1CI! FOR 
SEMAI'TIC REPRESENTATION 

Wilh lhe foregc>ing buck~mund; we cnn now addrcss lhc 
lhrec crileria pmposed lty Woods,• ,..hkh muot he sulislicd. 
by u nol¡¡tion uscd for •em:tnlic repruenl:tlion. Fir.l ob­
scr\'e lh:tl lhc lnf.•rm:uion ha•• is u io.~ ror lhe rcprcscnla: 
tion uf u -.~munlic nt:I\\'Ork \Í.e .• a p¡jn~lt: mcchuni1m with 

. bolh lhe altility lo slor< factual kn<>wlcd~c and !he ubilily lo 
mU<Iel us•ocialive connectiuns which rendcr cenuin parceli 
or infurm:tlion ucccssiltle frum ccn:tin olhen). · · .-::<;. 

The firsl crilcrion of a noluti .. n for •em:tnlic reprcscniil;, 
tion i~ lugkat udcquucy. Th.e nol>tlion must provide Un· 
CXact. form.al und un:amhÍ~U~lUIIo rcprC:SCOIOIIÍOO of any pilt'• 

ricular inl'-"i'Jlrct;atiun that m¡ay he ¡:ivcn lo D scntcncc. 
Rec¡¡/1 thal lhe scntcncc> "'ilh which we '"" conccmcd are 
!hose allowcd in the query lan~'lJ¡¡ge for Jctisiun makers. 

. ' 
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Tht infurmatlon b"sc ullows u givcn query to havc a 
multitudc of intcrprct:otinns. Thc query spccifies a groúp of 
JJt• hcms which may he rclated tu c:och othcr in m:my. 
••>'• vlu vcnical und hurizont:ol link"~cs in thc informution 
¡,...c. Euch path of link:o~cs on which thcsc itcms lic 
,,,11 csronds to a p:onicular lntcrpret:otion of the qucry. 
l'r-•n rcceivin¡¡ u qucry which is subjcct to multiplc intcr· 
r~eMi""' thc query prucessor prompts thc system's user in 
,,1Jcr to asccn:un which intcrprct"tion (l.c., puth) is in· 
orn.lcd. Dctails of thc manncr in which this has beco 
101picmcntcd may be found in R,·fcrcnces 16 and 18. 

The sccond critcrion i• thnt therc must be un ul~orithm 
,,,, tr.msl:oting un initial qucry into thc notution of thc 
10t,orm:otion base. This is thc ccntml function of thc qucry 
ro<>Ce .. or ~·hose opemtion h:os ulreudy beco dcscribcd; 
11nplemcntational dctails app«tr in Rcfcrcncc 13. Thc third 
aiterion, conceminc algorithms capuble of U>ini: thc se· 
mantic rcprcscntation. has al so beco uddrcssed in thc. 
Jiscussion of the query lungua¡¡e. Observe that the IML 
providcs lhe mcans for intcñacing algorithms with thc 
.omantic rcprcsentation. 11 Algorithms which ha ve beco 
uscd rancc from relatively commonpluce repon cencmtors 
to large sea le w:itcr quality simulation modcls." 

CONCLUSION 

In thc bcginnlnc we observed that 11 ls the pallemlns of 
•ymbols which cun convcy informalion; a datum's meaning 
Jcrives from its context, from hs relatlonships with other 
data .. Thus when considcrinc the design and irnplcnienlation . 
of systcms for dccision suppon, a crucial point i• the power 
of avallablc tools for reprcscnting contexis. The value of 
•uch syslcms is constrdioed by lhe "richness" of palleming 
allówed by lheir dala llructurc mcchanisms~ Observing lhe 
progression from relativcly impoverished linear structures 
to lrccs and networks, we note that euch stagc has provided 
a more poweñul and Ocxihlc toul for semantie representa· 
tion. In lhis paper wc huve introduced the notion of ari . 
informution base us a naturul •tep forwurd in lhe continuing 
cvolution of data structures. An outstanding fcature of lhe 
information base is its accommodation of buth lhe horizon· 
tal and venical integrJtion uf informution paree!• inlo a 
.ingle mcchanism. An informalion base implcmcntalion 
which builds upon network concepls wa• discussed. A 
lopic for future rcsearch. ls lhe in•·cstigation of un Informa· 
tlon ba•c implcmentalion which builds upon lhe relationul 
data base notions." A second distinctlvc fe:aturc of 1ho 
lnfonnation base, namely lhe integr.tion of oper.ators iota 
it• SÍruc1ure, was bricOy descrihed. The information base is 
utilized by u non-procedur:al, En~li•h-like qucry languagc, 
that has bcen dcsigncd for decision >Uppon :opplications: 
l'his languaJle, in cunjunction with the informatiun base, 

iatisfies 1hc rcqulremcnta for a notatlon for scmantlc rcpre­
sentt.llion. 
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~# •• ~ ... :~ ...... ""': .. ~ -'' •• ~u B11t ~'"''1~•"t ~,nf'l":t. '·"· '!l.i!ta'~. (ed.) • 
. .._: .. ~· •;.;.:.,.~: ..:lilftl-t ~t.r.7. i'HT 

._ .. ,.., 

_I"HTSICAL OBJtCTS, RlP.1AJ( DISa:JURSE ARD FOIHAL SYSTDtS 

~td su~r 
Lond"' Sc:hool o( ~ccmoGlca 
Routhton !treet, London WC2 

The central pr~~-m_a o( databan dUÍJ;ft 1 !or the {a(an:~atioo 
•~lyst. are hov to'••tect the appropriate universe of •i•-
cour&e and ~ov to ~elate the data structures~ vithia t~e 
Ín(or~tion sy1trn, to the real entltiea la thc vorl&. These 
are r:he probl•~• of operatlonal se~ntlc1 and thiy are quite 
differ•ut fr~ the (or~l •e~atic probl~• vhich arise la 
thr study of d.tu CL3n~~u.ent. lheh aolution dependa apoa 
our beint able to rely uron the atable aor=s of h~n lla-
~urse vhich su 1Ut~blisbec! vhea pe-opte use fanF:,lUJte ancl 
othcr si~n• for •~• practica\ purpose. A conceptual scbema 
•~boJ!'inr;. t1•• operatioru.l a-.ant.ica o( the ayate:. ahoalc! not. 
~ confused vith a &enrral ach~ to coataia a caaouical· 

.1 q 

dau nructuu. 1be bauu rai•e4 are llluitratec! ~., conceu­
tratlaz upoa the alcpleat of aemaatlc problraaz the ldentifyiaa .. 
of phyalcal objrcta. Tha aoalrala pr~••ntec! arlaea froa tha · 
UCOL Proj~ct*. · 

latroduction - lnfor~tioa An~lraia 

ly esa~tnlnc the al-Pleat problea of·lnfo~tlon analrsla ve ahall ••• that & 
database ia.aot a acdel of realltr but aa ~ahodle~nt of a oyth. ~~t could be 
8iarler thaa thc uae of data elecenta to rcpreaent the phrslcal obJectl, tba 1 
tan¡ibl• reality rrpteaent~ by a databaaet That. ia tb. probleD V. a~all eza:lna. ·1 
Tbe info~tion analyat apeclfi~a vhat data are tequitt4 to aolYC aoCe claas of 
or,anisational proble~s. The deslsner of the lnfo~\109 aystra ~•t ensura·t~t 
tbr da~a in t~e fore.l •J•trm are correctly tln\ed to ~~at he will calt thr 'r~•l­
entltiea' la 1oec 'obJect ayat~'. They errata aa arproprlate a,th. The tealltF 
lies in the operacional aucceaa of tbe ayat~. lf the 171tea helpl ua affective\7 
to solve aoce aet of prectlcat proble~, then th• DJlh upon vhicb lt ls baaed l1 
rra1 coou&h• ~r&e the pro~l•o, chanae t~e purpoae of the sr•t•m. ond the a7tb 
~7 be~~• t~rrrorrlate. A d•t•~•••, for all th• locical p~eclalon of lta atruc­
rure r••ta oa t~ia quic\sand. Onl7 a continua] aaalytical •Í&ilance can ~eep 
lt a!loat. 

lofo~tioo analy•la la ~in~ atudiel ot t~ London S<hool of ~cnoolca la é Gtady 
of a~2inlstr~ti~a ayate•• b~•~• on c~plex rul••· Thio, t~e LLCOL rroj•ct, Q&ea 
a~tute 1ov al e•peri~ntal ~terial. ly atteoptlnK to devise a fc~lisc vhicb 
~An oKpresa the k inda of rutra that D(¡ht apprar la a otatutu detiain¡ a tac 
-rstrc, for eu~rt•. lt lo hopad to diacovcr.r o vay o' Dpr-cÍfJLn¡-om Lnfo~..ar.loa 
gyat~= at· a v~rr J!f'nual le•nt. A oecond prototy-pe int .. rprrlttt' fol' thle 'hn~¡e 
le DOY h.ing deci~ed, an ••••ntial part of which la a ae:.ntlc model. Thc r.aal& 
of l.n!or=.aticra aru.lyaio aay 'be •lo~ aa a e.-..ntic DOdol fot' aa appllcatlOG, p;t.a• 1 

Dlhly lA eoo.a Grao of law. 11: •.PP .. r• &hat tho oro.antic D:llda.l of LtCOL lo tM 

-·-----
a na ua>l. I'Tojael la -port.cl \y .... V1t klooolrlc ...... ftb c.-u ..ttl> 

o.o.lou=a· fro:a IEPI(VU kl..atlfLr C.Suo. htadoo. 
• • 

H R. S~!.,;[p 

UE:~ t~ina al che conrt"''fu41 S('hP.aa .of dauh:t .. arcullr••· lf tilla la eo. ,..,.. 
the l[r~L Project •ur.r.eats thit recen& dJacuaaioae of tho conterloal ach~ ba .. 
falled to reror.nlae ao~ l~rtant Id••• and to dlltln~alah two ~·Ita 4lfferaat 
llaea of enqult'y. Th• purpoae of thla papar la-to ~.plala theao i4eaa and lbe 
.. ,~ ot enqulrr ••ina emplored lo ~~ reaeareh, 

lea1 World and Formal Syat•• 

la rhe dllcula(ona af conceptual sch•~• thera ti eyldance tbat tvo ~ülte· dlf­
farent probleut have not been •••quateJr aeparat••• rla. 1 la lateaded to 
csphatlle aoma ~jor featural of ~r problea, .. 

M 

.c--b . _._... _ _.. --. : ~ . 
l.ser.lo{rry!'j J 1 ~ • .., ? 1 

• • • . , . -· ·- ~-·· .. --~ ·--
~S~ Q:a ~se e C=e 

(a.AII.b.o~<c-1 ...lo) fj•c<rd<"ea~ .!:JJ-Jú ) 

~1: ~~<j-sc-.·~.fr-1 .. ~-' 

• 

The foraal 171t~ CODtalao atrlnaa of •raboll • In\ aarke on papar or olectt'o­
o.anetle trae•• • aod aoa. of th••• Da7 ~on1tltvta on lleet!fler·er a.peraoe, 
Tho real world a&J co~tala tha raol pertoft h[Qeolf - ,o. GGJ ... t hlq aad ahake 
bla trr the be.rwl. 

0 'thh vaa ~.Wt elrvi0t.11 to ao 011 roadln~ tl..a Al'I'U_-SPA.n:: Intorla Ltport (li} ht 
lhh h tM flna opf.a.loa. of Dr. T.B. Staol, C'".uh~.:n1 ar thh Cocalu ... oJrPI'aO""" 
0&4 Ol t'rl'r ·TCJ c.atl~ la Poat-o-fb\:loloa, Oopt~!' 1CJ1St oad ¡:¡(e•, Ja....,ry 
un 
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To • ..,.,._,r.rr or A•lnlftiUratnr, "hn "•nU 1 U!f, to tr.ln hla IUff aprrorrlatlt, 
11•• Jdrntlrler le tl11 link to thf> f'Uion h• na ah~h t.y tita hnnd, h ll e.up 
to rut lnto a databaae ~ny •¡Ilion« o( atrlnr.t of a~ta hut the .. ,na.tr 
"'"''' to knnv tl•at the 'fAcu• theJ ••"r••• are a rcll.tbh h.lah for actlon, Tw 
¡...,.•lnt that a daullaaa cnntalnt knovhor.t 1111 thlt aen•e, t~~rr•l:t hecauae ltt 
lttucturea of hJerarchiea, relfttlonJ ~r n~tvorkt C~ft yleld ltflnr.a of rrlnttd 
IJ""ho1a w-hich .._,, heconac:rurdu n•te•nta h nalwa. Th• Nna~er'a han 
eriatrmolor,icd rrohha. No ~~~o~thu~tical anat,.ah can r;u.nantce to tha m.sna¡:er 
that th• llAte~nta t1icittd from a d.tt~haae by hlt enqulrlea conatituta 'real 
knovh·d.:e'. Thia can onlJ ht done b:r t'nturin~t th.lt thcre are operaclonallJ 
tCfective rroceduret for ~lvinr. thln~• n~ae1 and (or findlna che real thln~, 
aiven tht' ner.e. BJ 'oreratlon~ll7 effectlve' lt ~ont thac the procedure caa 
be carrltd o~t, b7 the peorle vho mu•t ute the ldentlfler, vith lufflclant 
reliablllt7 to enable the lnfor~tloD •7•tea to do a u•eful job*, tbe epl1t1eo• 
lo¡icat ••~ntlc• of the databate are embodied ln thtte proceduret vhlch people 
perfor•. th•7 m.J be dlfflcult to ettabllth and costiJ to luprort. 

~the~tlcal ~thodt, hovever, ere approprlate to for~l ••~ntlce. Jf ve aek 
for the Dtanin~t of one atrin~t of •Tftboll In terme of others, ve n••• never leawe 
the foraal •r•t•• In vhich ~thea.tiee can le,ltl~t•17 detcrlba thete Telatloa• 
thlra. tn Fl¡. 1 the forNl equlvahnce of. ~SMITII' and the e~:~ployu nU!I¡,er 
'90)52' h on·· luch nhtlonthip, Other forN.l rehtiOIUhlr't, .. tha u,ura 
augceata, -.,. link an ahttract concept tuch 11 'SENIORITT 1 to the .ore concreta 
conceptt. The11 form&t operttlont mutt be added ro the cporetlonal proce4utal 
in order to urabllth ·che epiltemologlcal IU'<.antlce cf ea abnract concept, 
Thla can be aeeD fro• the n~tion of 'SENlORITT' ~hlch lt on11 eonnocted to the 
concrete vorld vla the fol'll\al proceduret ••. nenre"·rol"'mal IINDt!ca ha proJ!e" 
aubaet of eplttemolocleal •e~ntlea. The conceptual 1chema mutt therafore coa• 
tain deacrlptiona of both tha interna!, fo~l operatlone and the txternal pro­
ceduree to eatabllth tht .. anlna• of data. 

'l\lro Conceptull Sche-.a 

Vlthia Pla. 1 thera l1 lurklnR a 1econd, quite dlfferent prQb\ea. Tho for..l 
aytt~• d~penda upon·=•rrln~ the Jttln~a of ·~bote lt contolno upon lulta~lo 
ltor•~• atructurea. Tl•i• le •• true of a rlerlcat 1y~tem 11 of a computer 
•r•t•~ but In the latrer e••• lt l• crucial to the deel,n of oxpenelve 11neral 
purpo•e aoftware. Thlt l1 vhero tht aecond notlon of a eonceptual eche~ arlae1¡ 
lt it e qutlt for 1 canonlcal ttructurt to ~hich ali ~p,pln~l of tub-eets of 
the data onto phytlcal •taraRe ~, ~. relate•. Thla vlev ~•• •••~pllfled ln thl 
otatement bJ ~IJ••an (\l) vhlch ptactd tho one conceptual 1chem4 botvton ••n1 
oaternat •eh•~• (tervinK dlfferent tttl of pro~ramo and ~n7 lnternal ache~a 
(•ervln& ¡rour• of phyalcal aroupo ef ph7alcat etora¡e.dovicea)). Thie k1ñ4 
of conceptual 1chem4 lt naturtll7 oou¡ht if one lt preoccupled ~lth tha coOputo~1 tht etficient uat of hardvaro end tht VTltlna of proara~. Thoae pra~leaa ara 
lera• enouah to varrant th1 undlvl•td ottantlon of ooa. reooarchora. · 

4 oarloua alttakt lo .. de lf va eonfuao theaa tvo notlonat 

CI(A) 
CS(D) 

o trho-. of appllcatlon concepto 
a canonltal itrueturo of !•t• rolotlonahlp1 

• Notlce hov thlo ltltOD4ftt o~haal111 tho l•portance ot knovln1 lhl purpo11 
ot tbe 171t .. , a rocurront thomo in thlt papar • 

.. Abttract concoptl •·•· 'CUILTT' a.p ROt .. ontlrely fon.al •••• to a areater er ~ 
l••••r oatoat, the oabodl .. nt or loatono'o ••••• judr.rr.ont ., prtlcrlpclen. ., . 
Thla lo 4aalc vlt• la aoaerat toraa lo (t) and •rlofly 1• tho conteat •f LECOL 
la Cl). lpaca l.aot peralt , .. eapleraal .. el c•l• toplc ID'''' ,.,.,~ 

.. 

•uh .,. ••••ntlal ~wt th#J ••rve '1111ll" dlffer•nt r••rrr.,.,,.. ·'"''• ("nur•r, rhrt 
are uhted. Conf~•lon; r•r.rotr•h1J 1 lo II'Ot• ~CIII"I!'IOn tl•an • c,..refwl dlfhrenl 1• 
atlon of CS(A) Jn.J CS{D). Ono rruon h nur hAblt or '"'"'- 111n~nlc I.Hooh to 
t.i.l\ .. bout (ornal dut eh·N-ntt. IIJ dieruufnr.' t:S(n) In hr-t of n~trplu vfltre 
dna elell'ltnu a u cal hd DtPLOYH J;n. • or.PAR~Cf liT NO., and 10 on, .,. I"'PPrt lnto 
tho dltcutaioa ~otlona tbat balona to CS(A). Wlth care ve caw avold cheatln1 b7 
ualna our lntwltlve kno•l•dae of th. •r-~"tlc• of luch ol .. •nt• but thl •••• vlt' 
whlch v1 feel ve can handle the epi•t•~lo,lcal proble•• of EHPLOYtE NO., DEPAIT­
ME~~ NO. and eo on lea•• ua to euprr••• the proble•a of CS(A). Th• r11ult lt &e 
l~cine that a canonlcal ltructure of .ultab1J labtlled data eta .. ntt vltl cap­
turt both the contaatt of CS(D) and thoat of CS(A) 11 v.tt. Thil ataUNptlDft le 
lmpllclt la tha e.JorltJ ~f paper1 on dttab••• archltecture (12, ll. 14), Tba · 
~lov adoptad here, bo~var, la thet tha epptlcatloe eooceptl, vhlltt •Dbod7laa 
atructurtl that avtt be reflectad la thG canoalcal data otructure • .UI1 .-bodJ 
o areat deal aora hawlaa aothln& to do .tth the for-al propartlet of tho ••co­
N••• 
1b azecptJfr.thle. eonalde~ a doacrlptloa of • houaa~ V. .. atto \aov1 

(1) ~umber• of bedroomt and reeeptloo TOODI 
(b) Jo le fle for h~o hableoelooT 
(e) Jo le froo of lond charaoor 

Jor the lcforbltlon 171ta• at tara• and the aplotemolo¡lcal IOQintlc• of t~ data 
lt la IIIIGt!al to kftoV that 

(o) lo 1 roloclvoly objoctlvo ottrlbuto vlllch coo M ouppilod ltJ ••1 DO""'I 
paraoa vho ao•• to.check. 

Cb) l1 a value judaemeftt vhlch mutt ,, .... , auhject to cartela eonstrelat•• 
br • quallfled turvtJOt, vhilat 

(e) caa be deterained b7 computer tearch of t.nd Realstr, flltt vhoro all tuc" 
charaea mu•t ~. roal•tered ro bo vatld. 

luch tt .. ntlca are lrrelevaat to CS(D), ror the deal¡ner of tbe l"foraatl•a •1•• 
ce• chete concepto art fundac.ntal an• thay belona ln the CS(A). • 

rotlovlaa the lnfo~tlon enalJ•l• phaae •n• the tpeclflcatlon of CS(A) e \lalted 
a=ount of lnfo~tlon about the appllcatlon •ust he patsed to the dealaner ot the 
cocputer aystee, At lt relttet to the data, thla ll•lted lnfo~tlon .. , bo 
lod¡ed In CS(D), tJeentlal quettlont ve need to atk arel vhGt lnfo~tlon can ho 
•t•cardtd at ve .ave troe CS(A) to CS(D)f and ln CS(D) vhat canon~cal tor.t are 
approprlate for the data ltructurea! 

to ••• hov the11 quoatlona can be anavered ve .mu•t re•ln4 ourte1vot of tha tech• 
alcal problem ~hich CS(D) help ut to ~o\ve1 hov to navl¡ata throu~h.ttoraae vol• 
umtt to ftnd the data elementt vanted b7 protrema, Obvloutl1 thlt entall• namlDI 
tho data elementl so that they can be allocatad to etora¡t ln an7 ~a7 •rproprlete 
to tht ttora¡a topoloa7 (thlt allocatlon l1 contel~ed ln tht lnternel tche~). 
&he na&el uted In tho CS(D) could bt mnemnnlrt but tho7 need not be. L.t ua aup­
~·· that theJ ara not, so that th•re lt no r•-ptatlon to trontftr aubconeclouatr 
or covertlr anr knovled~• of the eplttemotoalcal ••~ntlca. Wbat then do va 
underttaod about the exttrnal Dchema vhich -.p• tha data na .. • uttd ln appllcacle 
pro¡raat lato tht canonlcal form of the CS(D)I A CS(D) tull of d&r. ftAA4t vltb­
out ae\t•evldtat -.anlaa• vlll not he\p the app\lcattoa proar~r co Jet up a 
~pplc¡ ot bla daca elaa.nto lato tboae ot the canonlcal dtt& ~al. Re wlll be 
forca4 Ntk to CS(A) vbera "- aaJ tlacl tMt tho ••Dl~LCD •f datA alrud1 le tbe 
d.u.aNoe are ,,., appnprLace ce b.h DGV c.uk. 



)':l.l ~U...'(CS, Hl."f'/.'1 Ol~tt')IJP.~( t.•¡lJ f ,:•.o.~l · ~~~~ ·~l 297 

. ._ 

M~t or.ly no~•• of data alr~ntt ~ut relatlonahlpt aMDnA thete •l•~•ntl ~•t be 
co•·'•in•d in CS(D). To in•••tlr.•t• the tiRniflcatlon of tht•t relatlonahlpa, ve 
e•~ •tr1p tha problea hare by not rarmlttln, mn~nlca to be carrfa4 acroat froa 
nu.t to CS(D). Jf ve do thla, lt le ctear tb.t 'lodcd' notlont aw:h •• 
'•ntity', 'attrlhuta', 1 rolr' and 10 OQ 1 cannot he ut•d •• In CS(A) vhan talkln& 
or rr•l thlnr,t. Our datahata toftvara la lntendtd to htlp ua •~vicate' throu,h 
11ougr ro the data.,. vn11t._ The CS(O) h the •chaf'troom', 'Lo~lcal' nlatlon­
•~ipt ara titnlflcent becau•• thtJ' define rcutea aaon1 data alementl that outt 
t. ,.._,.,{ lablc tnd .. ,. he uaed quita o"! un. Fr011 thil point-of-vhv, tha.c!lopute 
LH•r•n tha dn·otus of bin&rJ and rr-ary 1110dah falh lnto putputlve. lf ·the 
co•r~t•r paroitt only •equtntiat proctttlna then ona Duat travel bttvecn tln¡lo 
d•t• ele••ntt and the bln•rJ ~d•l lo aatural batlt Cor the canonlcal form tucb 
•• Sr"•o d••crlb•t la (lS). lf tht computar lt part approprlately uttd ~• a 
r-~•llel rroc•••or, thec arouplnst of al•~nta vhlch are necctsarlty and only 
r-.r·ruHih ulaud vill be l~r~porunt ttrvcturet to identify. Thu h.adt to 
{co~'• ,h,rd normal foro. Somethin¡ lt galn~d and ·~~bina lt loat vhlcb av•r 
c•-~nfcat fo~ lt us~d. The ptycholo¡lcal dltcomfort o( the bln&rJ ~del la 
poinc•d out bJ Scnko le hit pap~r. The ~rtlflclallty of tha hln.ry model lt aa 
•cw~nt•K• if you vith ro •void confuainz CS(A) an4 CS(D), The rolatlonal vlev o! 
data ia convenient but danccrout at the CS(D) level hut at the CS(A) lavel 
relatfonal •trueturet ttcm to he tltentlal. At leatt thlt la ttron&lJ au¡¡eato4 
b)' our atudlu or lnformatiOft analyah for leed t)'ttema. · 

kawin¡ atttupttd la thlt aectlon to drav • demarcatlvn ll~a botvten appllcatloa 
concaptt, CS(A) and canonical data ltrvcturea, CS(D) .. ohall tura tD the CS(A) 
without tha·rltk of becomlna lnvol•ad tlaultaneouoly ID tvv acta of dlfflcutt 
•nd coapl•a prablrma. Ve Introduce theaa Ida•• •• tha7 arlaa la tbo LICOL Project. 

The concreta aftd thc abatrtct vor!d1 

'!'!"·a u:perla.entd material uaccl b7 the UCOL Project la h&hhtioo of the kloct 
~~A which rautioe admlD{Itratlva •1•t••• ara basecl. Th111 •tate~ of rul11 are 
c~n•tructed ao tb.t thc7 aro croundecl, •• far aa po•alblo, upoa al-pta. ratlablG 
co~apta aucb •• ph7alcal a\jccte, •••nta aad relatlon•hlpt (aea Pi&• 2) ~lec 
tho abanact a.otloaa auch •• 'a VOl'k of literatura' • 'copJrl&ht'¡. ·'OVGanhlp of 
eopyri¡hc' ...S ao H_. •r• prac:ltely aspllcated throu&h (oi"'U.l rvlea, 

/e;¡;¡/)x~1\ 
~ ~ ~4 ,....,.,. 
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i.fOlt. is"lnlt-ndr.d ro druriloe ttJd• • uru-=ture. ~~h-tl•• aR.:~1ytll. ror.·roonr.-rt• ··~ 
the r,;rr•ssion or hJ:-11 pnacrirtions h inrludf'd an•l both htJlonr .. urlrliJ •P•a\ ... 
iac~ to tha can:~rtu~l sch~~ (hy which l• ~~nt CS(A) in tha r••t of thit p•Pir). 
On.e NJ i~tin• that the tual du!u~Yn h tr7lna to vrh• • pro,ra• to ,o.;er• .,.~. 
tbe khaviour, not of a compuur, bul of tbe real vortcl. la • aon••• tho UC01. ;t=: 

varaion of tho rule• aod thalr concepta bave the aa.e (unctloa oacl• tberafore, 
by tbo aarliar analyal•. tht eonct~tu•l •c~eaa hll thll role of 'proar.-oloa' 
the real vorld. fiB• J cm the left h•nd al de a hove thh. · ·- · 

1' 
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Slmultaneoualr, thl \.[COL veralon urvel a• • colllputer prosn• lt~caun cht:ra:" lt 
a conputer tyltem• vhlch vill interprat le. Thll l• rcpreacnte4 OD the rl&~t 
~nd 1lde cf rt,. ). Th• L[COL Project h.aa. effectlwely a1caped thc ••tra e~ 
pllcatlont vitb vhich CS(D) =ust deal by acceptinl the oolutlonl bullt lnto ~h• 
ooftvare eaploytd by tha prototyp~, namclJ tRTV and KP/J (16 and 17). · 

rrom thie aftalytil, lt would serm that a conceptual ach.-a. eapreaaed ltr Lle9L 
or in •~• othar vay, voutd dcal fvllJ with the tlnk ltatvcen formal •r•twa ·~ 
real vortd. Thia i1 not 10. Va era atao dependent upon.tbt vayo In Whlcb ptoplt 
undtrltand tht vorda, numbara, ocntene•• on4 oo on, vblch croaa tho foraal •J•­
t•a'• ~undarr. Thla neal•cte& toplc la the ono va ohall now axa•lne.· 

Dlocourte Sy•t•=• 

For=al lnfo~tion ay1teao aro QOt product• cf natura. Th•7 lnb.blt tho ayat~ 1 

aatural diacourae which h~D bein&G havo craatod aa thtir aoat leportaot 'tool' 
Ratural tans~•&• aerveo al tha Dtta•l•ntua&c la vhlch formal DJ'OlCDa aro daflna4 
Thil discourse 6y•ttc eoop\lcatoa tha pictura vblch vol 4a•erlbe4 abo•o bvt lt 
al~ prov1de• ,t; e&sontial ~n• o( et~&pO froG ths i~flaito rc&recl of fetllo 

lo¡lcol aa&l71lo. 

• albail o c~a1 llmito4 prototJpo al preo~t 
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Thc tyt'lboh h tite fonn.11 syur,._ are rrbtPd '" th" thinr.t ln tht ol•)rct-•yUI'I"l bw 
propfe·u•in~ n.UtJrd hnr;u.IRf'o Ser rlr.. '· lt ¡, ~'"""""frnt tD r•11 tlot .,., .. 
in vhlch the ~•~ninr.t of tlr.nt der•nd upnn Jinr.ui•tlc •nd other norm•, tht 
dlscourse •r•r•~•(4). lt correapondt to the inCor~l pArt of an orr.anl••tlontl 
lnfor=4tlon sytte•. Ir evol~•• throuah h~an, socio-llnauittlc l~trrcaurte, 
unll~e the form.l syate,. vhich drprnd• u,~n expllcit definltlont. ~•n o~aerv•­
tiont are ~de, resultln• 1ft d•ta-valurt heinr. Jn•rrted in • database, or vhen 
ddtlrt retrhved, at a buh for actlnn, tht \inlt vl11 b• A.IHit' by vordt or other 
1i1n• vhich are aeanlnaful both In the rn~.al ·~•t•• and t~ ditcour•e •r•tre; 
«•1• 'O.:ST0:1[11 J. SHITII LTD' • \.'h•n tT"'holt of thP for-1 IJitf'D •re und vhho•t 
thalr haYin& a ·phce ln tht dhcoune ayste• (tol• an acrount nu.-hrr 'l70!USS') 
thtlr use auot be exptalned co the relevant prople 1 in natural dl•courao•. 

Op•ratlonally, tht •Tmbolt ve call 'ldentlrl•r•' vl'l bt lln\•d to the r•levant 
phytlcal objectt throuch th• dlacourto eyttem. Th• queot lor lor.lcal certalntJ 
lb tblo link la a bllnd all•1• Wa 1ball olv•r• be depcndent upon tho stabllltr 
ar ~um~n noma ln the use of •len•• Thete cbnataftt1y ohlftlna norma aro tho­
oll¡htly inaecure but only a~allablo roundation upon vhlch a practlcal dttabaoo 
can bo bulle. Surprltln¡ly, doaplte ltt central rola ln •xplainla1 anr tara• 
data-procctsln& 8Jilem, tht concept of a 1dlacour•• •r•te•' haa been overlooked ~ 
lnfor'1Utloa l)'llaa theorhu. · 

Even vhea dealln1 vith the apparentlr almple oemantlc probtr• of h~ to ldentlfr 
phrsical objecu. the lnformatlon &halyat cannot uly upon tht non:lt of the ·' 
ditcourto l)'ltem. The va7 ln vhich the real vorld lo partltlonrd lnto objectl 
depend1 upon tht uu of lanr.uar.e vithln the discourae aytte .. , vhen peor le are· 
talvina practicd problel!ll. Jt h.a mitt•h to auu"'e that there h o unlqut1

1 

objectivelr-tlven ltt of phrolcal objectt to vhlch l•nr.u•r.• refero. The opat~al 
and tecparal limltt of the objectl ve talk about are a functlon of vby ve are 
raferrlnc to them 1 of tha ehared probl•• ~ are trylna to aol•o throuah the uae 
of verbal and other t~bola. lf the purpote la chAn~ad, eo are the objecta. Tbe 
eo~• of tht ditcourtt •r•t•• can ahlft la tuhtle vayo to .. tch tha ahlftln1 coo­
taat of different problema. 

Thl1 thesla aeedt.to be demonatrated and thit 11 done below. lf lt it truo rheo 
· · h iapl ha that foraal oyauru call for tht uu o{ vordt in oublo anf unlfora' 

Va)'• that dilfer froa the u••t• fa~lliar io averyday dlacourao. lt vlll be o 
taok of the concaptu.l achtCA to ~bod7 the1o apecial meanlnge of data le tb. 
forDal ayttea and to htlp uura to eMptor the• conectly. 

!ntftr and Purpotl 

Pr••~~lr we vant to bulld fo~el info~tlon artttnl vhlch enahle t!!f!! to 
cooperare and do uteful thinr,t In thr re~l vorld. The batlt of h~an coor«ratloa 
h tha uu of al¡:nt 1 lncludlna vordo and othor apboh (S), ao that on. p•iton 
a.y ob1erva and othart ~y knov or ona p•raon ~1 lnttruct •nd other1 ~r act. 
In an7 u11 of lnfor~tlon thare vlll alva7t be a clo1cd loop (roa obs•r•~tlon, 
throu&h dcclolon 1 bat~ to actlon affrctlnr. the thln~ ob1erved. lo an lnfor .. t 
uu ol vor.da to ooht a pnctlcel probh"'• very hv peoph vi t1 be }ovolved la 
thla cycle aod there vill bt no lon1 .del.ay betveen obtcrvation aad actlan. Po~l 
IJil~l tcn.d to auperltdt lnfo~l di•courae vbco a.ny peoplt hawt to cooptrata lo 

1 & coaplta taak vhich requlraa preclae action o•er tone dlatanctl and extende4 
tlDe parlada. ro~l •r•t&ao are tha ••••neo of. a.nr klodl of or¡AAl .. tioo. 

• ~t• tMt 4hc~Nr18 l•vol••• .. ra thaa aaturel laQKu.tao¡ lt 4•,..;.4• .- han• 
lD& laev to ... vor4•. a..s~era or otht:r elpo &o att t"laca 6oae. 



... t:- i"~ .. !~~!t ....... ~· • •.. ., .. ,=~- ::•: '("S 301 

Th• o~~fatlona of .oburvÍns: .and A-(-tlfar. a·r. ih~ .lntPrf~r¡,a balv.in thl ohh.ct no• 
,,. .. <~n•l thr infar•..,dnn .. ·atct~~.. The co•rut•r •r•do~l ht t. f.aoitbr vnh the 
¡;iO'bl~• 'ot or~;o~n1unp, and hhelllnR i~1ic uruthaua vlthla che formal lnfor.­
atlon ayatea. Jn thla par•r 1 we ara conc•rnrd vlth the qulte dlffaront probl~ 
o( hov to orf,anlu ond hbel tha conhnU or tha objf'ct ayuee•. Tha ur.o.antlc 
rroble• WlJ be rrs;arded •• that of l'lt~b ...... 11r, cotretr\Jnrlence betv~~:en tntiti•t 
and dua. Juat aa vr dlninr.uiah and htu•1 data to n.wir.oata tl,rour.h uor.are tpaco 
vithin tha to~~;.ruter, ao do Vil distinr.uiah an•l hbe1 contitira to n.avir..n• throuJth 
re4l •r•e• and tlne. Jult 11 w. viah ro upd.ate a rr'tnrd cnntlatently an~ later 
retri•v• it, to da ve viah aur nh••rvatianl and acta in the real varld to be con­
eiat~nt. For •••"rle, lf trafflc varden A observea a vchicla abstructinr. tha road, 
then tlttt vehicle and no other should be toved awa1 h1 canstable B and itl ovneT 
and n~a alta thould be Cined. Anr non-cocputer •r•ciallat vould be ~1ed 
that th• identifln rrobha should be rreunted thh var round, but dhcuuioa.t of 
ldentifiers by data-proca1tln~ apeclallits •re al~tt ln•erlably ln tar~• of loCA• 
tin& record• ln filat and dealln~ vltb them conalatentl7• In the llterature, vw 
flnd that dhcuulona, ottentiblJ' ahout ldantifrlna. antltl .. , usu&U,. t-ul'n out to 
be about ldentlfyln• and locatlnA r•cord• In flle11 tbe lnformatlon retrloY&l 
probl••· · 

tlle lel"'..antlc probhe~ h I'IUCh ~n difflcult than the _infor'Clatlon ntdeval problem. 
daaplte their (or~l almilarltiet. The fundam~ntal dlfficwltr ~bcut identiCyina 
thinr.• in the r~tl vorld la that th•re l1 alva11 rooa for dlsruta. Teatln~ for 
aeta ol mAtchinz aygbola in stor•K• la ralativetr al~ple, ldentliJlaa soae 
entitr In thc real world has no ohaolutc outco~. ~. must ala to provldc a 
peuon vith an ldentlfiu whlch enablas hlD to flnd tho enthr vltb surtlclent 
precia Ion for tona •r•ci!ic rurro•e, auch •• levrlnr. tax. Ve Dult be prep•red 
to ret!dine the entuua ~t.en ve clu.nr.• our purroae, for exarrte. 'hctorr' for 
ux rurpous, vould be dlffcrentlr interpreted fro" 'hctftry' In the conuxi of 
indunrial ufu7 -lcRI•latloa. In computlnt tenr.lnolo~tJ 1 ono ci&ht UJ' that Cor 

•. antlti•• thera aro· manJ' 'aubsch•~•' but no ~eneral 'ache-.•. 

The danger o! aurpoalnt that on•• unlveraal. entltr-atructure can ba lmpole4 
uron the real vorld la lllu1trated b7 the philoto~hlcal problema that thla 
lupposition vlll Jtnerata. a, abandonlna the btl(ef in 1 unlYtflll\J wal(d pie• 
tura of the vorld ln favour oC a aerle• of dlfftrent plcturet, eacb ttrvlna •or~ 
practica\ purposa, tbese pbllÓsOrhlcal problema ev~rorate (6), The effect of 
purro•e on the entlty-structura Js corlouely llluatrated lattr, ln the sectloa·aa 
antlty-boundarles, ~anvhlle lt mAJ be enour.h to con1lder tho claaalcal problea 
of Heraclltus'a rl•er. One cannot batl~ tvice in aA~ rlvor. thou¡h, iD o senao. 
lt la stltt there. Thls paradox la llke th• con[ualon of tvo databaset, one to ha 
useJ b7 brida• bu{ldera and one for anvlron•entallate. 

.n~• uz=e, danr,erout aurroaltiOn of a unlvertal entltJ••tructure le ev:bodhd In a 
databaea ~n•~•~tnt ay•t•• vhlch raquirea a einr.la, r.eneral ech•~ to be estab­
llat.ad. A II""J\tht11'1.1that or co"rutor·ccntrad •rrroach to databau daslan tandt to 
encourase the viev th•t tho world has a aalf-avldeftt• unar~lr.uoul ttructure vblch 
can be recordad In [11ea. The dl1tlnctlon .ada earllar batvaan CS(A) 1 appllcatioa 
con~rrt•. and CS(D), tha canonlcal data lttucture, la baste to oolvlna the probleca 
of database aec-..antlco. "'• Mltt constantlr rcmlnd oursal-wea that our dlacu11ioftl 
6Lout 'cuato~er-racorda' and 'product record•' and 'atock-recorda• usuatlr havo 
cothina to do vith the real vorld of custoaaro, products ond otocka. Thoaa torca 
re!•r to ~roura oC •r=hola to vhich ~ ohould attacb Codoa ouch oDI'7l64' 1 '8'~1 1 

a~ '2020" 1 lnotcad of 'CUSTOKtA', 'PRODUCT', and 'STOC~' vith thelr aatra~eouo 

6 Tho pbyalcal objecto wtJch t~el••• carr, lafora.tloo (••l• docUDAQtt) aTe 
t:haz.aohoa part ol tl\a olJjKt-IJOlea. I• ao far •• ve ore btnutM b tt.e. 
oo obJocto l'othor tlwLa olpa. tM7 •1 M Ueate41 le tilo aa-o WJ'• 

J:Z A; SU''?[R 

and ·nricilf'lrrehYarit Cor'!ftat'etf.;n •• · The ·a,.,..,ptom o( tt.ls •tnd ·or cr'rar h thl' 
•••ol a toro, luch •• 1 cu•tom~r', ~lthout ~uallfJc•tloft. tn a real conran7, 
'custoocr' vlll.~avo _r.AnJ meanln,, to luir a.n7 usara • l•~Jar, accountant, aale1 
Nn, auirht reieaicl1u, rr••.h.ocll~n controlhr. The anal1•l• or the entltlu 
referred ~~ la hr.i•l.•• • ·a. • •• ~. 1!-tl• clur becau•• thore are fnquent shUu la 
ll:lllanloK vhlch the duH-. ·11- ,-,.u -_.Ir.. s..a.,.-.llch. Tbo U:COL IJet••• therefore, 
roqulrea •••rr entitJ delanataon to be Al•en a conte~t. ThJe ls a dlfflcult pro\ 
lem for the drtl¡ner or datab&la softv•ra but lt ,, bott•r that vo faco up to lt. 
t coajacture that a DCnollthJc dataha•e can easllr bocooe aa ombarraealna oraacr 
laatlonal vblto-alophant. 

Ona ta1k 
data are 
d .. l¡ner 
dulan.. 
CS(D). 

for the se~ntlc codal la to korp rrack of th• verJed purpoaaa for vhlcl 
usad. Thi• lnforcatloa la typlca1 oC t~t U.6d lnltlatlr b7 tho •1•t~ 
ond then foraotton once lt le onlJ l=ptlclc ln tho final phJilcal ' 
lt ebould be b.ld la CS(A) and dlatarded tor the carrowar purpo••• of 

Entltr and Stabllltr 

Our ablllty to u .. COftJiutera cornct1y vlthln an or,anlntlonaraya_rrw cfrpanch 
upon our abiUt7 to uae elr,ns, eucb al vord1, numbr:ra and •arloua codu, ln':a 
·atable Vlf ao that the~-oburver of aay, 1 faulty cn~rpnnent, cnn narr lt In 8 rr()j 
vction report \noving that a eoJ1ear.ue In •nother factory vill be ahlP. to ldentll 
!t and repalr lt. ~~n7 pecple ~y obaerv• end vork upon the ••~ co~penent·ln 
vaya tbat are coordlnated throu~b the e~chanr.e of alr.na. The cO=ponent ~7 
chan¡t: Jocstlen, colour, texture, 1hape, Cunctlon and ao On 7et. throur.h thh 
fJu•• tht concept of that CO!:!ponent vill be su&tainec! by a J,ÍoUp ot proph :vho 
are able to identlty h vlth a ~cnctAnt n&fl!C. \.'toen Quino refus to 'the trjtb of 
phyaical objects •• a c!evlce Cor vor~lna a ~nar.able ttr~ture lnta tha flux of 
••perhnce'., 0.) to aoo.e peoph he N)' uem to he adoptinc a qualnt phlloaophiCa: 
llanee, but not to anyone vbo haa thour.ht uuful\7 about tbe ptobh .. a o f. d~!f~· 
lna a databate for a proc!uctlon syatea. K.terfat• chanr.e tbelr abapo.and •Prcar• 
ance; batehtl form. m«rK• and dlsperaea •••cmbllea are croated and thelr co.­
ponenu chanced; tbrouchout thio Clu-x a tlR~hed but afhctlva entltratructure" DUI: 
be uud¡ tbe ·ron:.at aytte• could not econoflitallJ reeo~nt .. avUJ Ponlbh d~a­
carnible phralcal object. 

The eff_ectiveneu of any lnforcatlon-aystem dependa upon nAbla ratterna of hu-=aa1 
~erbat or lycbollc behavlour knovn al 1perceptua1 no~•·· Thcaa norms belon• to 
tbe dlscour••-•Jilem. Tbef cooe lnto exlatence becauae_peorte ehsre probl•~• 
vhlch thef aolve cooperatlvetr through the uae of lanr,uar.e. CJven tbe conte•t &1 

the probleo, a &roup of poople vltl cvolve 1 va7 of attachlnc vorda to reallty a• 
th•t C~4n ptrceptlon of tha problam can be obtalned; faiJure on the part of aa 
Individual to ptrcelva tho problen in the ••~e vay 11 the ~jorlt7 vill reoult 
In hlo actlnz lnarrroprl•tely¡ criticlt~ from bla collea~uaa vl11 laad hlm ta 
acljun hh pnceptfone lnto llnl' vhb the uub1h1••d nona. Thrcur.h thlt todal 
~chanl•~ (and not throuch the application of earllclt def!nltlons) vord1 oro 
•••laned to thlnas ln a atable ver and ontlty-structurea are l~oaad upon the 
vorld about u1. Thate otructurel of percertull nor~t ~7 be ouatalned tht•YBh 
ooc lal lntuactlon. ThoJ 01.17 lead to poat" soludont to practlcal probh~•.- par­
tlcularly when tha fnteraction la purely v~rbal or ayabolic¡ nonat ore ••ro•~d 
lo objective crltlcl1m only vhen th~y tiva riae to evtnt• In tha real vorld ot 
PhJsicol objectl ond peoplo. For e~•~rl•. the t~poundtn« oC tha VTona car and 
tha chAr¡ln1 of the lnnocent ovncr for obatructlnr, thr hi~hway would auv.r,aot 
lhat tbe lf=bollc 'l~t•' of tha raal"vorld u1ed·b7 tho pollea In tha flloo of 
the road-tJcance ond traCflc-offancas •yltoa h 1 out o( focu•'• Kan7 lnror~L~tl~ 
•7•t• .. lnterpoao abatract concepto hatveen ob&ervatlon and octloa. Thaao, tu<h 
•• tha 1•&•1 obJ•ct 'cacpaof' or 1er,a1 ralatlonDhlp •ovnorablp' h-1p va ID cr:•t 
• aLt'l• plcture af a c~naiaa vor1d, ~ut theta ~•n¡ftkD ora v1tla.ti1J d•p•Adra 
•po• lh. .... atfct •r·r~yalcol oblact• aad •-w•ftl~. ~~~117 lt la aoo5o~ to 
••••l .. •le,.loo •~•• ,~,~lto1 '~'aao thAa dtopel•• .~, ·~~~r o=tf•~'•• T~lo 
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jvr1lfl•• for •••~rl• 1 caref•l r••l•v or hov ve attarh naaea la physlcal o\)ectl 
•• a rreludt to t~l atu4p of ~r• tt~u~• conc•rta. Tblt eaa•~l• of a te .. ntlc 
proble• lt about the sl-,latt v. could chooee, 

Th. funetfant o't "'"' 

D.vty U) tuf'.r.uu that 1 name aervn Ul'rtl functlonaa u 1 hnn, u 1 hllel, 
and •• e vehicle. Wt r•rtltion thG vorld lnto phyaical objectt by namlna thrma 
c~.n~•• -.y taka rlace vithln the boundarlet but ve keep the f~nce• lntact. Thla 
partitlonlns of'the vorld provldet ut vlth a reference-fra•e, 1 kind o[ r,tneral• 
l••d coor¿inate •r•t•• by vhlch ve can na•ir.ate. Na•~• art the coordlnate 
labelt. ~. attach a label to tny polnt to vhlch ve ourtel••• alght vlah to 
r•t~rn or to vhlch ve ~i,ht vlah to dlrect to~one •1••· Once the object ha1 
hecn Kl•en a na~, ve can traoaPort lt, al lt vera, •rmbollcall7, and place lt 
In n•v Juxtaro•icionl vich ochar obJ•cte, vitbout the need to ehift the object 
phyllca\17• Nanet, Al vehlclee, are thc •eana,by vhlch VI ~lacover, lnd l~ro11 
uron che vorU:, nev and rerhapl prlferabh anan~eDtentl ttr ·••n• of ovr con• 
Jecturea, hypotheaee, th•orlee and plan•• Lec ua ••••lne eacb of tha11 functloai 
._,u clouly fro11 aa lnform.ttlon analret''t rolnt-of-vlev. Ja.foraedon •yaum 
dcrend for tlteir ethctlvenue upoD th1 correct aulAn~nt of naeee to thlnJ,•• 
the •rrropri3Ce ~nlpulatloD of thotl naaet fn11nv~• ~7 the corroct attoclatloa 
of thinr,l vlth tht nall\l'le · 1 

Lec u• firec ob•erve that the lnfor~tlon.a,..1yat la concerned ~th the de~lnl• 
tlon of the for~1 lnfor~tlon 171te~ In vhlch the ~anln&l of vorde, nu~b•r• a~ 
codea ar• for~11y deClned. The Deta•l•nRuO~t upon vhlch hll definltlonl deptnd 
h tht natural hnxu•c• of the dhco.~rlt l)'at~" whlch, In turn, h rooted In tbe 
perceptual norm1 aritina fro• tocial lnteractlon. 

The tenclaa o(f it dont bJ th• dilcourlt IJite~. Norv.l\1y. VI ev.p\07 tvo or more 
·' .. , .... , t.c-rlnninr. v\th th-. rt"'('ortrnitlon of an tntity•clau \el ora ve nau the 
·· ·•·····•'- lt ..•..•. : ·· ...... •.:ln.2r7 u11 of vorda h ~=:•nerall7 adequatt for 

. • · . t ...... ·· . , ........ , , lltt narul ua•~=:• h not rrecl11 onou&hl ve thta 
1 .. ,v~ •·, "''' "" ~o• •wl u•i 1 "'"' (.u la tht CopyrlJht Act l96S c7l vhert, for exaaple, 
.••vrtttta ~tter' inctudel any vritln,, atan or vlalblt repttlentatloa-.) The 
fhit aup h lntended to provlde ornatlonAlly efhctlYe proctduru f~r dlf• 
fenntiatlnt the phyllca1 objnt fra-. JU IUUOundln&• lt IUJ {nvoht tptclfr 
laa vho thould maka tht obeervatlon In chote c••~•·vhtrt tht tpeclat tkl1lt of, 
ea,, a phytlclan or vatuer or tax ln•rector. eay \e rrqulred, Th• lnatrumentt 
to ~~ uted, t~e plate of obtervatlon and other clrcu•ttanctt ~1 have ta bt 

• lncluded In tht dtflaltlaa. Thua the ph7alcat objtct la ldentiried lnltltllJ• 

Mavln& found• tht obJ•ct, VI ~•t attach 1 1abtl to le, tn tht ov•rydaJ elt• 
uatlonl dealt vlth by out dhcouru t)'thml thlt 1• 1l111ph beCI\.111 tht n~btr 
of object• vt are concernod.vlth la •~11, In a for~l lnfor~tlon eystom ocp­
loylnr. a co~rutar, tho nu~bar of occurrenea1 ~y run lnto "lt1lon•. Tht con• 
ttructloa of theao 1ab•l• for uaa in an lnfor~tlon 17tte• lt co~pllcetad ln 
v•y• that vi1l ba di1cu•••d ba1ov. Tha ldentlfier •u•t not on1y corrt•ron4 
a.tht~tlra117 vlth the unlqua ~hy1lcal object lt rerr•••nta. but it mute cor­
tttpond oreratlona117• Tha inform.tlon 171te• vlll not be abl• to do ~••ful 
vork un1e•• thero are proceduraa for locatlna and for chec~lna tha ldentlt7 of 
th1 objoct 1peclflad b)' an7 ldentlfiar. (Contlder, b7 va7 of illuttratlon, thl 
o~•r•tlonal problem• of locatlna ea object In • tara• •u••~ or of a•aoclatlaa 
c~a-nu•~•r• vlch blll•ta'Df ~ed-hot ateal) Th••• are central is1ua1 la tha 
doelan of codea for ldantlflara, a toplc 4ltcuaaod furthar \alov. 

- • Objacta t~c ara too lora• or too ea.tl to pr•••nt tb.atolvaa tor o\aer•otloa 
la • •iapla ~ (••1• tha ootor-aJataa or o aotacule) ~oc ~ troat .. •• 
•~•tTactlo•~ leo PofP&f (t) GG ~earvetlo~ltr-teota\le Ot6tca.ate. 

lH • 

t!•v)'l' utahlhhed an orrr•rlnn:alh effoctfve, onr-rl1-..,ne re1uinn•hlp betve•11 
p~yliul objactt and idenr.&fu·n. we can bC"r.an to use tht'•r c.,nfuiiJ c•onur•cte4 
ur:n• •• vohic1••• llut w •hall nerd 'uartl.c' ruleo. lly tt•orunr.lnr. tha alaaa 
vhich upnunt tht objacu in the "'rld, ve c.cnjnturt nev arranr.eMenu of che 
vorld ltae1f (for •••~rte. ordert '"~t-4 by rrod~t trpe mAJ ~e •••lxned to 
•rrropriatc -.chlnea). N•v arran~o~entt conjectured in thl1 va7 vl11 onty bt 
tr•n•latable lnto r•o1itr lC tho fdentlfler• l~ve not heen ~•~d beyond tht 
boundl vithin whlch they ara ••oninr.ful. Tho lnfor~tlon an•lyat autt lltabllah 
theae boundarie• lr the data-rroce••lnr, •r•tew l1 te h• con•tr•lnad.to produce 
&ranin~fut outruu. (Thuat enr.ine 1234 unnot bt und tlwlur.~outlJ la tvo 

. dlttincl can \ut an •bnnct object auch 11 ttlo phr. 'Hamlu', a.ay be u•d 
alcutteneou•ly by teverat ~heatrel) Thl1 la tha·contraJ iltua In tho •~n~l& 
proble:~ of urdatlnK fllu 'vhlch h touchad htar. l.lcb oC tbe fvnetlon1 of a 
~~ vltl ~o• ha txamlned ln mora detall. 

!ntltr:boundarlea In a Cor~1 tzate• 

A foraat IJitea muat rtlr on a alvu f'ntltr airucture· 1nd norV~.tly lt rellu oo • 
tha dhcouraa' i71ttm co anl.:n the' naro~u h u•••• Re llanca on tht dhcoutte 
171tc• le uJtl~tal7 unavoldab1e but.thert _.,,.e cnnvcrae lnf1utnca of fora.l 
rulet on tht tha nor~t of dlacour•• vhen eviryda7 terDinolor.y neede to be 
cl1htened; rules ~•7 help to ~kt the na~lnr. atructura more wlde1r conalttent 
than h vould ba un¿er an unalded dhcouru tyatc.__.. For exa .. ph, 1-:t the t96S 
Rent Act, ••the occupler',·ln re1atlnn to any rreftfaea, ~eana anr perton lav­
fullJ retldln1 In tha premlaea or pare ot th~• at tht terminatlon of the 
forotr tenancr"; thlt reatrlctlon rf'moVel a~blaulty tro• tht vord 'occupler' 11 
lt l1 egplortd In nor~t di•cour••• Anothtr reaten for form&1lllnK the n•~lua 
Df thlnCI 1 CO~n (n ttchnlcal llluatlona, (1 tha iack Of lftJ llttb1Jihtd rer• 
eeptuat norct upoa vhlch to ra1y¡ for •••mrl•, • rertlcu1ar 1ub••••~bl7 for ao 
an1lne ... , never have bean ~dt befare 10 what lt conltltuttl ~•t be deflned• 
ad hoc, b7 an tn1lneor. Hi1 dtflnltion vill uttl~tal7 raat upon nor .. l u••&• 
of vardt la &ha lfltcouru tyttaft e'nd any formal ddlnltloa vlll \t enchorod 
al•llarty la tht percercull narDit, derhin.: vhat otabltlt7 h bu fro• thue 
cultural nhrance polnu, oot fro• t.he lo¡le of the ddlnlntt rwlt1 thautl'"•• 

The lntOrm.tlon antl71t ha1 a retpontlbllltJ for rartltlonlnc the vor1d lpprop­
rlatalr lnto lto relevant cocponent antltlee 10 that data about them ~r be 
-.nlpultted e.anlncfu11y 1nd conalatentl7 b)' tht for~t ayatem. Ltt ul look 
at •~ of' the problems ha alcht cnrounter • 

Chan•tt In '"' rrorutlu of puutht tntltlu NJ u"anlfor" th• btrond ... , 
reco~n1t1on añd ra111 probleat of vh~n the tntlt7 ceaa~d to exltt, belnc 1r1n1• 
forctd !nto another entlt7, perhtpa. Por eaampte, a¡nce the advent of trent• 
plant eur¡ttJ, che fora.t dellnltlon of the ~~tnt of death hat beco~• 1 r•1t1r 
of kten lnttraer, In a ~nufteturinr. altu•tion ene c•n ~~-lnt a riere of ttttl 
~elna vorked lnto -.ny variad ahep••, lttmeta11urr.lca1 prorertltl and ltt 
phytica1 cccu:lnulty b•lna the cnly ald• to iu ldentlflutfon. Th,_!,:plece ar 
ltttl, throuzh all Ítl tran•ltions, will he re-ord•d •• tht •a~• ~ntltJ, the 
raaaoa btlntt that va do not ch•nt• our inrentiont about vhat to do;vith the •tatl 
11 1 rttu1t of the trantform.tion• lt under~oea. The hur.~n bodr vill bt·u•cd 
~•rr dllftrent1y atlva and dtad. In Jt'ntrel, tht rart(t\onin• of tht ~rld lnte 
lt1 phyalcal eñtltlea vill depond uron wh•t ve lnctnd todo w~th tht tnlltl•• ao 
cate1orlltd. Trantplant aur~er7 haa ~de at~ntlce a ••rr 11••17 aubjact! 

Aaur.btr•tubuur.~t.ly rahtlon•hlpa ortn ln~.,..erable elurnatlvo. llltltr uruct~o~uo 
fro• wh1ch one Dult \e aolacted, vlthlft ao .. elmp1o contttllatl. The CDDpoft•all 
ef aach 111ecbiJ eu1t \e ~tu.ll7 eaclwtlvc 1 othervlat fftllfYCilont for .. ki•• 
abd dla-.ntlln~ are llkel7 to \e aahl~~"'' ol•o tha ll•t of c~nefttl ~•• .. 

\luUlwe~ ottwrvht lhe fo,..l a,ac .. v111 11101 ... •"h te ••oc' tN ... _,.,.. 
laa pr~••• coar1•t•l•• 
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Th~-d~tall hato vhlch theo Ullt'Jnbly h dcro•roud wlll be lla1u·d bY th•"nf'f'cf to 
a e: t uron tC>"'f'CIM:nt a l nd (..,(du3ll y • · to tr.anuf a e tu¡.e thrlll, ordn tlw•, or rt•dea {ln 
thra. A11 thru· actiYitie:a "'Y ahu·• tha Uoflll!l •ntlty-ltructure but other atruc­
tur•• •'• ro~alhla. For eaamrla, auboaaeahtlee •~7 b1 ~latln~ulahed on the 
~rounda of tha functtnna they perror.. Thia crlterlon vlll ault tha dral,n 1ad 
~:U~inunanca rnr.ine!ua vho ••tll undentancf the worldna of tht ·vhola llll•mhlJ, lt 
aay be i"'J>nnibh to. uhct ona decocpoaitlon that vlll eerve alt purro .. e. Tbe' -· 
dw•lr.n en~inaar .. , pnhr • decomrotitlon h.'ur.l uron runctlon vhllu: the prodve• 
tian rnr.lneer ~y be more conr•rned vith rhytical atructurr¡ ~lntrn~nce ~AJ 
fP1ulrr eJementl of hoth, runct(on (O a{d di~r.noal1, physica.J &tfUCtUfa lO a(~ 
rerair. Tht problem1 o( hov tona~ tha 1ub~••e~hlie1 in 1 co~ple& structura 
ohtrude aven ~r• eeverelr vhen tha DAÍn ••••~bly is sn orJanilation and tha 
decompolition ia an accountin& fra=cvork. This difflcult problem, ·~~re¡atibn/ 

·dlu,.r,rtga"tion or AUe~r~bly/•ubauuibtr, u:r provida a a.ajor juultlcu:lon for 
usiña a corrutar In certaln appllcatlona¡ che cómputar ~7 perclt lnfo~tlon 
based On ~"Y dltfarent atructuraa to be con•latenttr relatad to a alnal•• var, 
dtralled underlylna entlty-atructure but tha aolutlon ~7 be unecono~lc lf thla 
co~n •tructura i1 too detallad. 

Spter-.lc condnuhy INIJ' be •utflchnt ru1on for n.e1lns, u a phralut enthr, 
lor-.ethlr.A "'tb ch.an,.lna phyalcal c~ro•ltion. 1be pl"owublal-aumph alllht A~alf& 
be the dwer .that llera.tlhul polnted out vould not be the ua.e ona nu:t til:'a you 
ltepred lnto lt: the h~n bod7 la ~h llka the rlvar ln t~la rasprct but, ~ro 
prosaical\7 1 there ara, far •••~le, productlon ttne, vhleh. throu,~ ~lntenanc• 
and development, ara phyalcally entlrely rertaced vhll1t ratalnlnR tbelr •r•teclc 
ldentlr:y. Phyaical objectl ara not atva71 phy•lcatly unchanRlna. Thelr perm­
anente arlael not !ro~ vhat they are ~da of, but rrom the conttancf of the prob-
1•=• the:r poac and tho "•Y• va viah to uto thea. 

Clanr:.• or use or role D.1J danal tha tl'ld af the edu.tncc of one objrct a"nd the 
bes1nn1n~ of another. Natural di1covrae vould tend to acknov~ed~a contlnulty la 
e•••• vhara a for~•l ay1tam vould have to ~ka ~r•·•••cl dlltinctlona. ror 
e.u:~~ph 1 ridln; a blcych up ta the trdllc liahta hadt to ey aGa atopplnR, la 
conforQ(ty wit\ tha lav zalatlna tá ~ehlctea; but carryina thl blcycle homt to 
hl• for Chrlat .. l, 1 vaa carrylna a rarcal, ao l va• coverned by dlfferent·tavo, 
Siall•rly, ~ny a bottle ~01 becoMa an offen1lve veapon. Thll klnd of 1hlft caa 
be trtated •eeantic•lly atthl reclaatifylnr. of the ••~• particular o~Jact undar 
••rlout a•nerlc na=••• Suth an explana.tlon vltl do for the dl1courae 171t1e• 
vhlch has a r•strlcttd 1pan of a.ttentloa, al lt vrre, the object ~7 only be 
Ulcvtnt whan tu rol• has t.een deddHI the traf.flc lav dld not appty lo., 
aon'• blcJcle untll Chrlat .. s ~rnlnr. vhaa ~7 ra.rcel beca .. hl1 ••biela. 

-•·a•••"& ..... , ....... ·-r ""' ......................... w ..... -~.., • .- •• pr••~ntlna 1 problem almltar 
to the ont above. A u:ord '"ay bt turn~d l.nto a plou~,hah.&rt. Va •{~ht ucor4 
thla avent a• tht and of tht aword't ealettnca and tht bealnnlna of 1 plouah­
thAra. Tht tl"tnero~tlon ma.y bt qultt a auhtlt ont, 11 vhen an artiot ttlecta 
• thare\y pleca of vood •• en obJrt-trauwl: the act of ••l•ctlon vould t.rlna 
thl1 natural object vlthln tht termt of copyrlr.ht lav vblch vould treat lt at 
tOJ othtr tculpture ~r• alaborately taehlon~d. 

froa tho ahovt •~aly1la, lt ~•t b. cancludod that our n•••• for thln&l do not 
tQbOdy any kno~ladaa of tht lntrlns(c natura of tha world, rathor do thoy reflect 
th• ~t~ra of our rroblomo, our rurpo••• and our tln~uiotlc Dtant of lnttractlnQ 
vlth tha phyt(cal world. lf w. aro on ouch ahiftlft& sround vhen ~ontlderlna lha 
tt&Antic• of rhyelcal obJ•cr:o, hov euch ~ro cautloua ve ohall netd to bt vhan 
vw coft4 to con•ldar ~r• abetract antltlea ond proportiaa! At laaot vo ahould 
bo propored to look closaly at tho ·al lb •••~ption• a.da about ahitad da~bataa. 
D.ta obtoiDtd for d{f{arant purpctat are likely to be ea-.ntlc•llJ dlfferoat. 
Tb4y aho~ld bo oharod oal7 with tho v~at cautfon. Por e~la, '~hlld' oa ... 
O alcplo AOtloa bvt"{a dato-proteaalaa Oylt .. l for fam{\J •llovaacoe Aad for 
ao4lcol record llo&Aaa lb. 4eflalti._. ~14 .. 4lfllc•lt te roco..lle. 

~ ='. j 7 ;••:::.. ~~ 
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ror•tt.e purpou of tht u:cOL·Proj~ct. ·tlo• at.nvv ano~h-.i• r.lw•• an~ "••f,,l ·1luc• 
tion to our tu~t~lf'nt of ttn.1ntiC:-a. Jf .,. .ar.- tn •h·rln~ dnta rrn••i-ln1:' vl.irh 
are inedudble ones !ron • lor.ical poinr-of-vlev. &1..-a H arr•f"l1r• u •. u v• 
&hould ~ke thrm correlpnnd to ph~afeal entltiet, coatalninr. lnfor-.r:l~ vhlch 
vill be ~onatant tllrour,hout lu •• :,•.-"-"· rora J~hr•lul ohj~cl. tt.f. •iai ..... 
lit of elenenu h a n~me and tf~• for uaTt nntl rncl of ~adur.nce. T1tC 
lnv.ariance: ':)f tho lc:::lcal d~ota-;truct>Jte oeC!r:~o ~n .cprro¡•rhte W.lJ' of Teflectlatl 
tht tr:Nntic lnv01rhnce cf the ru1 entity-structurt to vhlch ve •re rdcrrlnR• 
All tha ti~-var7in• propartla• vou1d he treated oeraratelJ. Surprlainr.lJ, ll 
~7 be aort approprlate to lncl~de ~(fo~• •• one or the prop•rtlea of an antil7 
el•••· Thlt conjacturo r•,••• the da aculty of deflnlna purpota approprlate1J; 
In LlCOL, tho n••r~tt ~ ~· to doina lhit le to define each entlt7-cl••• vlth­
ln a \ialted eonr:wat auch 11 a brap~h of 1av, aA Act. • eectlon or •••n a out.• 
aeclloa. 

T~e for~tlon Rn~ •••lrnnent of nar:~rs 

ln the diacoural IJ•tem, the ~ivinr. cf namea la u1uallJ quite simple. the numher 
of objectt lnvolved DAJ be quite s~atl and the na~l ~1 be aatl~ned trcaporarily 
for ·aalvina a li~lt~d prot.le111o. People aupp1J theh cvn n•~~~e• to avoid conCualon; 
lh(b!' ere \aball~d bJ dcaonetr4t1-e rronouna. ~cnitiv~ noune. ro•••••••~ pronoun8 

. 7 du·.onHratbt or poiUUiv~ adjrctive• plus a con:aon ncun. (Coanon noune, 
••&• 'bcok' art label1 for antlty-cl~••••) Srldoa fn normet dlacourte do we need 
to •.tuch ·propar namel to tara• DW~~.hera or objcctla 

Tho naaln¡ of hrae numbe_u of ohjectl h, hy cnnuatt, • ••Jor prob1eQ ln foraal 
lntor~tlon lylt«CI. Jnd~ed. the ri&IOft ror htvln& a ro~J lflll~ {1 ofttn tha 
necd to kerp trae& or multitudes or thin,o In a ~nner tbat la contl•tent ovar 
cHuanca and ti=•· LluncinR 1nd' rer.ittratlon ayeter.~a ara typlta\ eur:zrlu. 
~oraal dltcourtc l1 •d~ptrd for nore locall5rd uae. ~efore an7 ohject can becoae 
a pare of tht aubject-=attar 'knovn' to 1 forMal •ratP•, lt ~uat he r.l~n 1 h•ae 
In a var that uthrtJs aocaa almph crlterla. The nazncl a~~y aho ba choun to • 
-r•tlacc real 1tructura\ patterna. Theu a.-o th• pro.ble•• of fon-ln~ nar.co. 

tach n•~• Guat be unlqus. Thlt caft be achl~ved In varlou• ver•, th• co~neot of. 
vhlch la lO •••len n•~• fro~ a aequentlal tlet, keepina nota of th• la•t waluao 
u .. d, •·1· ·accenlon numben to tiburr books. r:amel DiRht be a~nuaud In 110re 
olabotate VAJI from namca of re1Ated objecta¡ for eaample, auba••rmhl7 ftAQel •• 
elaborotlonl of th~lr r•rent assembiJ n•~•· Unlqutne•• ~be Auarantead br 
tha rultl ao.that ldentlcal n4~1 vill onl7 ba ~enerated for ldtntlcal antltl••• 
lf thlt la aot tht e•••• tho for~l tytten "ust lnclude.a real•ter of namot, 
ao~a Daant of checklna th1t nrv n•~•• are unlque and rutel for codlfJlna onJ 
hooonyma. For a••~ple, • par•on'• n•~• ~r be enou~h to ldentlf7 hl• ln • par• 
aonnol tyltt:D

1 
but provlslon ~7 hava to be ~adt for tha occa.slnn vhca • nav 

ccploytt 1 1 na-. l1 alrud7 uaed b7 tht ayltem. Uniqurntlt lo the onlt ntCtiiii"J 
~haractarl•tic of tha n•~• lhat la chotaD for an objecl. 

Structural proptrtlea of na~•• ara aometiDel u•tful, but tht7 aro not n•c••••rJI 
aoeati .. , thay can ~ a 1ourct of danserous problcmo. For exa"Plo, plota of Jo~ 
~l¡tt ba naotd accordln& to their parith, vithin loca\ aovarnmcnt oreo, ond 
aerlally nucbertd vithin parloh¡ thil atructuro. rer1ectln& relotlon•hlpa aDOOS 
tho plor:o, ~uld ba ustful untll A chanRo of local KOVtrnaent bo~ndarleo. 
~coaolon n~b«LJ of bookD wlll lndlcato rouRh17 vhen tho llbrarJ' acqulrcd \~• 
HDra olaborato •tr~turol ean be repraeentod if a ou[t•b1a laoDOrph[c naac­
atrwcturo can ba to~nd. 

laaosl~ot of ~aco ~1 bo torced upon o ror~l oy•t~· Wlthln ona and th4 
~•aoe •Jatea, ltructul"ad na-.o -., ha•• to h. reooo,_n•4 lf the un4ar171Q'-• .-ao& 
otruct•ro le D4 \oft~er corr•ctly .-~rr•••nttd br th. -~~ otr~ture. ~ local 
cro .. r.-ftli'P•I",•'tt.i••ll••--.ld. r-t .. lra • ..,....._ •flart• C• tN •• __,.ta cl•.....t ...... -. 
,.. a.ralna •f t.o Jor .. l •r••••• r-rf•r•l•• ~~ .... 1.-rli••• ••• 4lll•r•ol . . 
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porwl~tlnns of ohJ•~tl vltt r~1ulre r••••lrn-rnt or n1~r• ir th•r• 1• anY rltk 
of thc l.r.M "~- helnr. "'"'' fe1r o .. jflf'll rrrvlrousl!' d•.alr vil" hw ••r.:~rat• •r•-
tco• ... Thla rr.1aslr.n~rnt c.ton..,. an ~ntlr•l• forr"'l ,,.,,.ratl.•n, 1\ut \hla vould 
nol be 10 vhcn ~rr.in., •rstrma vhlcb d1al ;,lth overl~rpin• f't'l"uladlt'na •. !uch 
a shwuion vnuld C'~ll ror rrnt:rdur•• tct ""'•rlt .anv ti\lrlv IYfK'IRTTU reaultinc:. 
froa the •"rr.rr: tl1r1e rroce,lurea tt.lJ be rsr~ntiv~ ,1nJ s1etv·, r~quirinr. potitlvo 
phy1icat iJrntitlution of t111 nhjecu .and rc-hunu ro t>at'h lnforau1on •:r•t11111• 
Preblr•t wuuld b. •lniDlard if na~~roln• alvayt follovcd ttAnd.tords ~AteJ u~oft unJtr• 
trlns, stahle ttructurea; for tLI•pte. osla~ -rld re(erencet for naainl plott 
frutead of tha -.ethod 1u,_~.,td •hove. Standard ruhl for formln~t n..-1 vould 
not, of cou~••. anlvt the pTohlea lf the entlty boundariea ~r• dravn differently 
ln t~ •r•te• beinlt maraed. 

t¿entification of object1 

Vhcr••• th. •••l~~nt of • name la an operatlon rerformed onty on tbe aecettlon 
of an objcct into tbt for~t •r•tem'a unlveraa of rtference, ldentlfleatlon l1 
th! cr~tinulna u1e o( the name to llnk the real ohjcct and tba aymboll tb&t det• 
cr1ba. lt. The link it tvo-v~y. For the formal inforr.ation ey.t~ to llt'Ye an7 
OtEIRll.&lion.tl ru~p')=:.t 1 it lllult be rt1 .. ible for Ultrl 1:0 r.w;JY8 nllablJ ftoaa 
object to ay~! anJ fra. tynbol lo object, 

The n•~• of tha objcet, toba •n ldentifler, ~uat he auprltn4nta4 b7 t~ n~t of 
tha antlt7 el••• of ~hich lt lt an lotlanca. Often onou~h, tha naca ltaalf la 
fcr~d ln a vay that lndic•ttt lt1 cntlty cla11 (~n• ~1 ~•• aa t~plOJt• nam•• 
'tP.t.O'¡ (Jet wc~cn't ntmu Nve bnn hken·'frOI'I rt('VtU and 1lun to fu1nacu:)) 
The lntrlns{e {d~ntlfleatlon o( cl111 (ron che farm of a namt vlll be a usafuJ 
local dcvice, 117 1 for handllnr. to~ tl~lttd 1trra~1 of ncaaaact fra~ vhlch the 
ct,anct of arbitulty can be ••cluded, but ln r.cn.eral, va ha•• to •••~ that the 
pa~e ¡l••• no clua to the antier el•••· 

Tha flrtt ttep froa objact to aymbol la to dl•clnr.ulth and name the antltr cla11 
•nd tubchu c!ovn to the polnt h the nltvant hitrarch7 of chuet b_cyond vhlcb 
individual unl~ut na•e• ara 1lvca. Thla caa oftta ba don1 by ~el7lns upon the 
r~alllar norms of tha dltcourle •r•t••• i( not, the lnfo~tlon analJat·vlll 
n••d to enture that tha retevant rertonntl are tralned-~c~edv1te4 hov to epplJ 
the apeclaJ clattlflcatloa rulet vhlch dlatln~ulah an entlty froa Ita turroundln&l 
and ••t•bllah vhlch namln¡ proce~ure lt •rrtlcable. Tha tccond 1tap lt to derive 
tha namt fro• the object. Oftaa thla la aimple, ynu read tha nunbef prlotcd oa 
the doc~ent or on Che rlnt roun4 a blrd~a leE, for exampla. Leaa raliably rou 
cuy U\c • numbcr troa a taa attathed co·i' ~:anncnt; hu rtllahly btc•un thne 
are hi~h ritkt of tha liJ htvln¡ bren crmovad and rtattached lncorrectly, or 
lncorrretly attach•d ln tht first lnatance. Al In the caae of a credit card, 
ona ~•r usa additlonal lnfo~tlon auch 11 o liAnature 1 to reduce th& rltk of 
l~corrtcl uae o[ 1 naDe; mora lnfor~at(oa l• u1ed en a patsrort vhich lncludel A 
dttcriptlon and photor,rtph. In toae casat, tht n•~• cannot be 'tled' to tha 
obj .. ct. perNpa beca~11 le le too eNU (lnllct),. lnatcauibh (sur), a llqvl• 
(batch o( dyc) too hot (~tal) or likaly to be er.barrcaaed (apy). In auch e••••• 
ü.a obu~vuicn of th1 obju.t Dult tupp\7 cnoYAh lnfor~ulon. lo tM.b!a ona to 
con•t~uct ita na~. Th4 ••~• p~oblea aritcD wh•a a~ ••trlnalc ltbtl btconet 
det•chtd fro~ ltt ovnar. Sy•t~m• ar1 •~ti••• dl1atcroutl7 detl¡nad vlth in••f• 
ficlent re~ard for thlt proble~. 

The prob1eu juot citad le akln ro lh4 probtea of ¡oln& from tycbol to objoct. 
U••d lo thla way, va ••• ldantlflart a1 aanora1Loo4 coordinatoa ror locatina 
thina• ln tho World. tf th1 ld1ntlfLar doaa not convey app~ofr(ate topoaraphlcel 
lnfo~tloa to tha dlacoura1 171toa 1 •• in aanoral lt wlll not 1 thon the naDO 
ter••• cal7 •• • chaek that ona haa arrlved .at the corr•cl polnt. LDcatlna the 
ebjoct would, I,Jkt¿a ... !"ral, call for ch.- acanaln• of JoulblJ al.l che ohjacte ef a 
,.nlc•l•r ~~~;:}~~:.:,rrN to "J tt. •r•t••· Objacte are ua ... t 17 fo.A4 ... re ... u,"' applJ"'" ~~rl ... eu.a-.UebH &eet.olca-•• }• ,,.. •'-Pl•n ••••• cite 
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ror:.i IJaltD tf'l ha uron eh• dhcour .. •:r•um In \tldct> th .. r"or\e ·~r,.rt•<l 
to Ull the idtr.tifil'r can be prltttcr.cd tO knov thl lncatf01'"1 Of the O"'JeC"I, Sor-1• 
tire• thia kno~Jedr.• Ja ~ot rc~dily av~il•ble and the fo~•l ay•t•~ ~•t \rl'p 
track of pertona ~ho nay ~~ ••pcct~d to •nov (c.a. ncat of kln,.ovnar). To 
attabllah che (o~l nA~ of a peraon ccrrrctly, the aystra ~J htve lo ~. able 
to conduc.t a dialor.u• hucd on lnfor-..tion obtalnt!d d•1rln~ ••rll•r tranu.ctlono 
vith him, c. 1 • a 1 Jr.in¡ hia to tupf'llJ hh f"'th•r"t "'"'id"\ ,.,,., a technlque vhlch 
h not, inc.idantally, vnlver1ally •PF'l(c¡¡bJe. ln oth~r e••••• tht fo("l:lloal •r:t•• 
~y kecp track o( the ~ctual locatlcn el thl' object, perh~r• notlna a perton 1 
ch~n¡tt of addrttl evefy year, or ••en b7 follo~ln~ ~v•~entl tecond hy ltcond, 
11 1~ an alr-traffi.~:: control •r•tc:ll. SC<T'".tti~•. e-oYttr.rnta can be tracked lf c•r­
t•in d•cltlona ebout ~veQI!nCI and conse~uent ~ctlona •r• r•cord•d; fn thlt 
catettorj ara batchu of chP-::tic•l•· in a •yJUII of tanka or bill•ts of tutl 
rushina throuth a ~ill lnto tpeclfled loeatlona lq th• coolln~-b•~•· Th• problos• 
~ntloocd in the pravioua ~ra~raph 1 ot hov to ~o from obj•ct to ld .. ntlfltr vhea 
lt can carrr no.label, cannol rcadily b• tolvl'd unl••• the physical tocatfoa of 
tht objcct c.an be trute"d •• ont of lu \novu Urntlfyint. rrorr.rtha •. There ....,, 
be olhtr tlme-dependent propertfc• ne~•••ary for identiricatinn,·tuch •• •••r.• 
of Ñnuf:e-tvn¡ they 1m11l aho th.-n .be lor.r:•• tay the forpo.:¡l •vatt•. F.ither Ull 
lot~ini or thcle ch~racteristlct wl11 have tn ta\r rt•~e 1ll~~a1ly continuousty 
or tht for~l 1yate~ will bave lo •~rtny certain rulea of ccntlnulty that vl11 
cntblc lt vith 1ufflclent accurACJ 1 t~ c•trapolate, froM ault~blc, lnteraitlant 
qbnr-vati:aa to the current Jocationt an4 natas of ttP chj•cu In ha t1nivcrso. 
Thc•e contin:ity rule• are aa e11entlal p1rt of C~l aem~ntica of the•• ob)cctt, 
tn 1 rl¡orout analy•i• the7 need to be ~de exrticlt. lf thcrt lt anJ •ir.nlflceat 
rlak of tha ta& bclnt loat frcm an expllcltly tobclled object then 1 to re~lft 
affectlvC tha •r•t•m ~ult e~ploy 1loilar, ~ut le•• ''actln•• ~::ontlnuity rulae. 
Datectln¡

1
errore in ld~ntlf!ctl vould be t~p~a•ible vithout t~~. 

Thara can ncwcr ' ' ona hundrad par cent ce~tainty tl~t label' re~ln etteched to 
,ht objtc&a or that contlault7 rules ara vho11r r•llable, hcnce tht rltk of • 
ldantlflcatlon error ~annot entlrely bt allml~atcd. Thla rl•~ h•• t~ coaronaatel 
fln4lna the VTon& obJcct ¡lven lt1 nama and •••oclatlñ& date'about a knoVD obJ•ct 
vith tht VTODI identlfler. The•t are tvo l=porttnt dtlfRn r•rtattltl for tha 
lalorr~tion IJII&m. Thc form.l ayslcm cutt hava chcc\t·bullt lnto lt to aneure 
thl de1ir•• levele of acmantic rolfabilltJ. 

lncldencall7, lt ahoul4 be noted that the caaa of Che object vhlch cannot b4 
e•pllcltl7 lahelled aarvaD to lllultratc the ldc1 that a n•me l• an abbrovlatloa 
for 1 dltallt4 •••crlptlon of the objcct, d•tailcd cnoush fot lba object to h4 
••lected unlqucl7 •~onc othcra of Ita typc. Th4 na .. Dlsht actually he fo~\ato4 
bJ encodina one auch ttandardlae4 d•scriptlcn. S•e (lO). Aulet vhleh, ln a for­
_.¡ IJitem, 1nable one"to convert ona ld•nt!fyln¡ dtacrlptloa lnto another, pro&­
ablr •la tho n•=•• alKht he retardad, alon¡ vlth rule• of contlnultJ, at • D«enl 
of ttr•natheoina tht llnka betveen cbject and· t~bol. Th17 too will hew1 to be 
m.da aapllclt for uaa ~7 a forDAl IJilca, A tultthle ~~ •l&ht b4 rulet Df 
synonM• 

aulot of contlnulty an4 rula• of ayno~ycy are u1ad vhtn 
for intonsiateDcltt. Thatt are ea&gpl•• of the trtf(lc 
a o "••hiel••'. 

~zplic~tion ln LtCOL 

u~atln¡ fllot to check 
rul11 (or D~vay'• aA .. a 

. .~ -~. 

n.a foucoln&. •nalytle h lncorponud in the nn.antlc _,del of th4 UCOL '!'1~ 
~•r• the idea of an ldentlfler 1• bOl to bt coft(Ys•d vltb the ootia. of e ••r 
for iafor~tioo-recrla~at. ~ lLCOL fo~ll•• i• lnte~•• for oapre1alnr. rw1•• 
a~e~t tha con4wcl of a •waln••• ora oe<lotp. An Jd•ntlfi•r ·~~lea ona te lln4 
tha real o~jecca 10 Vblc~ ~~ lafora.tl~ •r•tra rofcr•, a pr~••• ,.,._. .. , .... 

•iu .. r .. 0711·-• 
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Structura11y, the .I~Nontlc aodel .la •urf!launted b7 a niJftlbU' ar enthy~t~pU 
which e-t~~body .the ruha for ldentlflcn. Th shnplut type i• the-'objut' cnd 
tha phyalc&t object the prototypa for thbae abatractiOnc vhich V. traat ccn-

- · ~eptvÁ-lly u ob]ect1- and-·ldentlfy, l)"ftbotically, ln waya ando¡out vith the 

ad.de¡ ;arphahie• n.ÜI!' 

ayateos whith are later 
inlorr~tion ayatea. 

P. SI~V,[P. 

•~rtJc(r characrerlrtlra of 
aubeerr.ed vfthln tht dealr.n 

obiect ayatrna an~ dla~aurae· 
or • partirul~r rhJ•lcal ' 

·· ~'CientUying o( phyalc:a1 objocta, Cnu ... t_.~,•dc of an object h that a naN, 
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John Dearden 

MIS···is a mirage 

c,lll a single, integrated system be devised 
to fill all of nwnagement's information needs~ 
Only if Superman lends a helping .hand 

... ·-- - : 

Forl!word 
Evcry company uf an¡i size has many lnformatlon 
s¡·stcma, both formal and lnfonnal. · The forn••l aya· 
\Cnl• 11 uócs cuvcr •uch a \'arlcty of tcrrhory that one 
man cunnot rosslbly comprchcnd che maAs cif detalla 

.and principlcs rcquircd 10 dcslgn a slnglc bUpcrsysccm 
chut embraces thcm all. Evcn a group of .-.ystcms ex· 
percs ·c;cnnot.crc;llc such 4 n•pcnysccm, the author 
argucs, bccnuse che componcncs thnt must be nm;~l· 
gamatcd nre lOO d.ilfcccnt Jn thclr UIUrcs.to be fuscd 

Some ycars ago r exprcsscd the oplnton tl;at. 
"of all che ridiculous things that havc bcen 
foisted on the long·suff~ring exccutive in the 
na me of scicnce nml progresa, the real·tl me m~n· 
agcment information system ls thc slllicst." 1 

1 no longer bclicve this statemcnt is · truc. Wc 
now ha ve something even sillier: the ·current 
fad for "the managcmcnt Jnfonnatlon systcm," 
whethcr it is called thc Total System, the Total 
Managemcnt ,lnformation System, the Managc· 
ment Informaiion System, or simply Mts. 
· 1 ccrtainly do n·ot rncan to su¡:gcst that a com· 
pany docs not nccd good managcment informa· 
tiQn systems-nothing could be further from thc 
truth. But thc, notion that a comp~ny can wnú 
ought to have an expcrt lor a group of cxpcrts) 
cre'nte for ita single, completely intcgrated ~upcr: 
syst'cm-an "Mts"-~o hclp it govcrn evcry aspcct • 
(lf itS activity is absurd. · · 
. For. mapy busincssmcn, it is prubably incon· 
~eivolile that thc lbfty phrascs and glittcrin¡; 

' \ 
1~ "Myth ''' 1\ul·nmc Ma'utcnuau lnfnrma1lnn,u HDR M•r·Junc 
a.v". r· u 1. 

" together effectlvely. Alter dcmunstmlng the futlllty 
ol the .i.us opprogch, the author recommenda practl: 
cal steps for rcfo·rmlqg defectlve lnformotlon s¡·slcms. 

Mr. Dearden ls l'rolessor uf Business AJ.nlnlmatlon 
01 '1he Harvanl Business School. He ls well known to 
HBR readers, especia JI y for bis slgnlllconl contributions 
10 the theory of divlslonal control. (A llst of Mr. 
Deard~n's prcvious HBR onlelcs on lnlormatlon sys: 
tcms opperrs·Jn·lhe· rulcd lnacrt on pagc y8.) 

promiscs surroundtng the MIS conceal a com· 
pletely unworkable concept. Yet this is exactly 
what 1 propase to dcmonsmae-that a company 
that pursues an MIS embarks on a wild·goose 
chase, a search for a will-o'·the·wisp. 

Let me llrst try to cxplain what J understand 
by the "MIS concept" and examine lt!Í alleged 
odvantages, and then llhow why the concept is un· 
workablc. Then 1 shall be in a position to rec· 
ommcnd sorne proctical remedies for defcctivc 

·. monagcmcnt infarmation systcms, which certa.ln· 
ly constitute a real problcm for cxccutives today •.•. 

·confusion betweeri terms 
Jt ls dlfficult even to describe 'the l.us In a satlu· 
factury way, beca use this conceptual cntity. is 
embedded in a mlsh·mash of fuzzy thinking and 
·incomprehensible jargon. lt ls ncarly impossible 
to obuin ooy agreemcnt on how MIS problema 
ore to be analyzcd, what shape thcir solutions 
might takc, or how these solutions are to be 

,¡ 

\ 
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Howevcr, in rracticc, no such limitations are 
lntcmlcd. Kcnneron's inclusive llclinition of thc 

.MIS nrproach is <tUitc cunsistcnt with thc ncarly 
univcrsaJ.bcncfits cl;~imcd for it .. 

• 
The MIS appl'oach 
Civen this inclusive définitíon, how is man:tgc:· 
mcnt ro appl)' ir: In uthcr words, how should 
m~nagcment think abom thc pmblcm of sctting 
up .111 MIS! 

Fl;lndmnental assumptions 

First, lt appcars that if managcmcnt wishes to 
subscribí: to the thcory uf thc MIS, it must· make 
up its mind to nc~cpt two fundamental {if high· 
ly questionablcl nssumptiuns thar are quite dif· 
ferent from tw<litional oncs made. in this area: 

l. Managemcm information is a subject for 
study and specialization. That is, it is sufficicndy 
homogeneous so that a set of principies and 
practices can be csablished for cvaluaring all 
managemcnt's information needs ·and satisfying 
them. In shon, the MIS approach auacks all 
the problems of management information as a 
whole, rather than by individual areas, such as 
finance and marketin~. This hun~ogencity is a 
necessary assumption, since without it there is 
no rcason whr general solutions to a manage· 
ment's information requircments can be found. 

2. Thc systcms approach 'can and should be 
used in analyzing management's inform;ltion re· 
quirements. Proponents claim rhe systems ap· 
proach is necessary for mastering thc sprawl of 
requiremcnts and fur synthesizing ·¡he general 
MIS solution. {1 shall have more to soy about 
the systems approach latcr.) 

Diagnosis o) development 

Once management has acceptcd these two. as· 
sumptions, it can begin to develop an MIS pro· 
gram. A5 the theory goes, there seem to be two 
techniques for seuing to work: 

O Management can hire an MIS expert to act 
as a superconsultant to the président of the 
company. This cxpert studies thc types of prob· ·· 

.lcms that thc presiden! must sol ve, the decisions 
that he must makc, and so forth, and recom· 
mcnds methods for satisfying thc president's 
tot~l infonnation rcquircments. He then drops 
to lowcr lévels uf management and provides the 
same services there. 

In general,. thc expcrt ,)cpcnds on uthers to 
implcmcnt hls rcconuncmlatiotu. For cx•unple, 
thc controllcr .bccomcs n:sponsible Jor chang· 
inli thc cost accounting systcm in thc way ·the 
consult¡¡nt rccummends.. . 

O Managcmcnt can crea te a staff dcparunent · 
that reporrs 10 the top. TI1is group is rcsponsible 
for the company's computcr·bascd S)'stcms but 
a !so providcs the samc typc of di agnos~s and 
evaluations as thc supcrconsultant. 

Thc st:tff group, unlikc thc cons11ltant, usual· 
ly lm responsibility for implemcnt:llion. 

Its alleged advantages ... 
Under this approacb, thcn, either a single persan' 
or a group of persons is responsible for devcl· 
oping and overseeing the construction of the 
cntire management information system. This 
concentration of authority a11d rcsponsibility in 
the hands of systems"\.xperrs supposedly creates 
a number of signiflcant advamages: 

O Experts schooled in ·the MIS "discipline" 
can analyzc management's information needs 
more cfTeclively than can the peoplc traditional· 
!y responsible for satisfying them. Moreover, 
these exper\s can better determine which tech· 
niqucs wilJ be$! meet thc.e needs. 

O Beca use the MIS is devcloped as a unified, 
single system, rather than ns a number of ,sepa· 
rate systems, it is completcly coordinated and 
complctely consisten!. 

O Jnformation needs are determined from the .. 
top down. Hence the top will be in better con· 
troJ¡ thc frequent practice of lelling lower man· 
agement decide wbat infonnation will pass up­
ward is eliminated. 

o The company reauces its direct information 
costs by eliminating systems. Also, the MIS itsell 
is cheaper tp run because it has been designed 
by information experts wbo know the mosr 
economical means for satisfying managcmcnt's 

· information needs. 
O Since one expert or group is rr•ponsible for 

the systerñ, managcment's desire that the sys­
tem be kept uP:io·date can readily be satisfied. 

In short, the proponents promisc, experts can 
design an MIS that is more effective, more ef· 
ficient, more consistent, and more dynamic than 
the haphazard aggregate of individual systems a 
company would othcnvise employ. 

These are impressive advantages that any 
manager would enjoy, and doubtless this ap· .. 



implemc:lllc:d. Thls confuslgn makes it very dlf· 
ficult to attack the concept, becausc no mauer 
what asaumptions a critic makes about the na· 
tu re of thc MIS approach, a proponen! can always 
rcply that hls use of thc tcrm is diffcrent from 
otlícrs'. 

But thc:re is a common thread which runs 
through the various uses of the tcrm, a thread 
that at once unifies but also subverts thc MIS 
litcraturc. This thread is the computcr·bascd 
information system. 

Computer-based activity . .. 

Wherevcr thc MIS is discusscd, it is almost in· 
variably stated that a management inlormation 
system docs not neccssarily require a computer 
and that many forms of managemcnt infnuna· 

· tion are not computer·based. 
Yet, H one looks at what is actually being 

discussed, he quickly discovers that the term 
·"MIS" is used, c:sscntially, to stand for "coro· 
puter·b'ased inlormation systems." For example, 

· a reccnt a nicle in Business Week read as follows: 
"ISomel. concerned that systems analysts are 

_ ... a 'mixcd bag' whose training and knowledge 
are a hit·or·miss proposition, are convinced that 
managcmcnt inlormation systems IMtsl is tite 

· emerging fiel!! in ht~>mess administration. Both 
Wharton and MIT have railorcd programs cspe· 
cially for systems specialists, but no school has 
gane further than thc University of Minnesota, 

· whosc B·school now o'lers MS and PhD de· 
grces in managcmcnt infcrmation systems and 

·has launched an MIS rescarch center. Since rhe 
· cenrcr's opcning rhrcc years ago, MIS Director 

Gordon B. Davis and his stali have worked to 
dcvelop 11 new sysrems·related courses-from 
on·line, real·time systems to a seminar on soft· · 
ware. In addition, rhe program's so MS and u 

. PhD candidatcs spend a good portian of thcir 
time· alonc and in rearns at work on actual 
computer rroblems in industry." ~ 

It scems cvident to me·. that MIS cducation as 
described herc is principally education in coro· 
pu ter·based infonnation systems. 

It is viral to note, first of all,' that thc in· 
1 formatinn genera red by this kind of systcm does 
·: not includ ... a grcat deal of the lnformation that 
l)s most imporrant tu management-espccinlly, 
'\importan! •¡ualir.ulvc inlormation. Sccond, a 
'~pe¿i,1list group rhat dcvclops su'cl1 a sysccm is 
ilsually rcsponsible lor implementing only one 
r~rt ol ;~ny of a company's indivitluál manage· 

mcnt lnformatlon &ystcms-:-namcly, that part 
that intc:rfaccs dircctly with thc computcr. for 
example, such a group has liule lif anythin¡;l 
to .do with spccifying thc naturc of an account· 
ing and financia! control system, although it may 
be rcsponsible for the eom¡lUtcr programming 
this systcm employs. . 

My conclusion, therefore, is that such a group 
has Jitt)e impact on ffiOSl OÍ the informal ion Slip· 
plicd to managemcnt, particularly at uppcr lcv· 
els. Consequcntly it is ridiculous to say that 
it crcates lor can createl a total "mat .. tgcmcnt 
inlormation sy~tem. 

... vs. MIS 

To the cxtent that MIS rcfers only to compauy 
inlormation systems that use a computcr hJse 
and to the extent that cvcryonc undcrstand:; 
this limitation, 1 have no serious quarrel with 
the trend to MIS¡ it is ,vital that managcmcnt 
tightly control its computer·based inlormation 
systems, and in generalthe so·called Mis groups 
scem designed to guarantee a tight rein tu man· 
agement. , 

In my experience, howcver, such a limitcd 
definition uf ~liS is nnt what advocates uf thts 
approach ·to inlormation sysrems mean whcn 
thcy use the term. They imend something novel 
and far more global, some cnrity rhat can provide 
rcvohnionary bcnefits we cannot derive lrom the 
traditional approach. Waher Kenneron suggests 
rhis dcfi~ition of thc MIS: . 

"A ma.nagement information sysrcm is an or· 
ganized !flethod o! providing past, present and 
projecrion inlormation relating ro imernal oper· 
ations and externa! imdligencc. Ir supporrs tbe 
planning. control and opcrational function of an 
organization . by furnishing uniform inlonna· 

,.tion in thc proper time·frame to assist the dcci· 
sion·makcr." • 

This is approximatdy what 1 pcrceivc most 
peoplc to mean by MIS. And if this dcfinitio~ 
secms grandiosc:, 1 can only r ... mark thar "tlle 
managcmetit infurmarion sysrcm" d· scrihcs a 
grandiose idea. 11 thc definition werc l~ss global 

·in irs scopc, it would not m ... asure up ro rhc 
tcrm. If, for example, onc wcrc ru limit thc dcf· 
inirion to the contcxt of a compan)•'s financia! 
accountin¡; programs, he \)'OUIJ have to s'pcak 
of the /irwnria/ MIS of the·company, r;tthcr than· 
its general M!S. 

2. lunc ¡, 1971, p. "'· 

l. ")115 Un•n .... ·,'' IJclw .\l.m.t¡.·na··•u, kr•nnh.-1 ,.,.., 
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proach was devclop~d to solve the real prob- p~ny acrivity ~mi creare a ¡;cn~ral mana¡:cmcnt 
lems of poor inlormation that ha ve bccn · plagu· inlormation sysrcm. 
ing managcmcnt wirh incrcasing Jrcquency. 
1ñe growing complcxity and thc pace oJ change 
oJ modcrn business, especially' in the last ten 
years, havc surely madc many information sys· 
tcms· obsolete and many more inadequate for 
prcsent tasks. 

Et¡ually, the last ten ycars have scen the ex· 
rcnsive dcvclopmcnt of infonnation rcchnology, 
utanagemcnt ~cicnce, and systems analysis-a 
dcvclopment that has been accompanied by 
rapid gtowth in thc number of experts working 
in information systems. 

To some-that is, the proponents of MJS-it 
sccmed logical to centralize the dcvclopment 
and contro.l of information S)'Stems in the hands 
oJ thesc cxpens. Ahcr all, thc problcms that 
bcsct information systems bave bccn the rcsult 
uf changc and growth, they rcasoncd¡ ·and thcsc 
prublems could perhaps be solved by using 
the new information technolog)' that had heen 
dcvelopin¡; ~imultancously. · 

Severa! companics have tried this approach, 
and many pcoplc cuncntly advocatc it. In spite 
ni its apparent logic, howcver, 1 know of 
nn company in which it has worked out. This 
lails to ~urprise me beca use, as 1 havc already im· 
plicd, 1 bclievc the whole MIS approach is funda· 
m en rally fa llacious. 

. . . e) its real fallacies 
' ' 

Thcre are four ~llacies and one serious mis· 
cnnccption inhcrent in thc MIS approach, as 1 
ha ve dcscribed 'it., The !allacies are these: 

O Management information is sulliciently ho· 
mogcneous so tliat it can be made an arca of 
specialization for an expcrt. 

O JI thc diff~rcnt infonnation systems ordi· 
narily uscd by a company are developed ~epa· 
ratcly, the rcsulting management information 
system will necessarily be uncoordinatcd and 
thcrelore ineffrcient and unsatisfactory. 

O Thc "systems" approach is a new boon to 
business administration. 

O lt is practicable to centralize the control 
ovcr a company's cntire management informa· 
rion systcm. 

1 
The misconccption is this: 

O Thc spccialist expcrtise that creates a good 
logistics systcm for a company can cxt~nd its 
ulents into thc broad ¡(omain of general com· 

Thcre is no rcason to suppose an Mts gruup can 
actnally do this-in fact, therc is gond rcason to 
think it cannot. · 

Lct me refute thesc error& one by onc. 

1. The rrue MIS expen doe.~ not nnd cnnnor cxist. 

A complete managcmcnt inforou• ion systcm 
consists of such a hugc assortment uf diffcrcnt 
types of activities that no man can posscss a 
bmad cnough" set of special skills to apply to 

cvcn a small proportion of thcm. Consillcr the 
skills rct¡uircd to build any one of thcse indiviLI· 
ual infonnation systems. 

The financia! occounting •Jn•l control .w.,tcm: 
This includcs preparation of financia! st~h:· 
mcnts, devclopmcnt ol budgcts and long·rangc 
plans, analyses of capital invcstmcnts, publica· 
tion of product costs, and w forth. 

Traditionally, the controllcr is rcsponsihlc lor 
all thcsc financia! subsystcms, with respcct tn 
the fin~ncial information ~ystcms, he play~ •he 
role that the MIS cxpcrt i~ wpposcJ tn pla)' in 
thc general managcmcnt information S)'Stl·ms. 
In complementary fashion, thc MI~ n.pcrr mnst 
have a thorough undcrstanding ol thc CUIII!UI· 
lcr's systcms function . 

Tite lo¡:istics in{um111tion ~r-'rcm: This ~)'~t··m 
contruls the flow of goods from the purchase oi 
raw matcrials ro thc physical dimiblitiun of t!ll· 
finishcd products. Next to thc financia( com.ol 
system, it is probably .. the most comprehl·nsivc 
information syste!Jl itl the typicalm~nulacruring 
business. 

A logistics system normall)' consists of severa! 
subsystcms of val)•ing degrecs ol indcpcndcnce. 
Fnr cxamplc, there could he distinct sy~t~ms lor 
dillcrcnt productlines. Within cach product liae, 
furthermore, there could be suhs)•Mcms lor pto­
curcmeni, production scheduling, finbh~J ¡:nnds, 
invcntory control, and so fonh, and ,¡ill nthcrs 
for plant ,utilization and expansiun. 1 lcpcmling 
on its industry, a campan)' has a lar¡;cr nr sm;rllcr 

: numbcr ol complex, intc:rrdatcd lo¡:istics in· 
' Jormation subsystcms. 

The criticar point to note hcrc is rhat thc:­
lo¡:istics infurmation systcm is almos! complete· 
ly dilf¡;n·nt Jrom the financia! infurmaunn ~ys· 
rcm. In point ol fact, most oJ thc skills nct·dcd 
to dcvclop financial.information syst<'ms ;m• ol 
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nn use In dcvcloping logis1lcs lnfomtnlion sys· conslitulin¡: 3 single .:md·línmogcncnu• Jc!ivily. 
ll'l\\5 nml vice vcrs3, Evcn 1he u~er rdn1ionships 1 eonduo.le 1ha1 kw, il any, imlivi,luals hnvc 
illc o.lifTerenl. In building 3 lin3ncial inlormnliOt\ lhe lr3ining 10 cnll lhcmsclvcs cxperls in m3n· 
~)'~lctn, thc:. conlrnller devclops 4 sysletn thnl . ngcmenl inlonn31ion sy~1cms. Indccd 1 bclieve 
rrovio.lcs informnlion for m3nn¡;cmenl oulsidc'~ il is much more praciÍCitl to te3ch 1hc ncw in· 
thc Annncc funclinn, whcrcas lugislic~ inlormn• - lormaliun lcchnolo¡,'Y 10 1he func1ionnl experll 
1ion is nurmnlly o.levclopcd and uscd by thc 1han to 1cach infornuuion technolo¡;isu func· 
pcoplc dircclly cunccrncd with logislics. lional spccialtics. Alter 311, 1he mnn who could 

Furrhcrmorc, lugisli~s subsystcn\S frequcntly · master all 1hc functional specialtics-lhe 11\te 
hove liulc In common wilh each o1hcr, so lhat MIS cxpcrt-\vould hnvc 10 be an intclkctual 
an cxpcrt in une 1ypc ·of subsys1cm might ttot be supennan1 and hcncc he does nol ami canno1 
ilhlc 10 uansk·r his !o!Xpertisc tu 3 different typc. exist cxccpt, pcrhnps, 35 a ve11· rarc cxccption. 
For ciwmplc, thcrc muy be littlc: or no similurity 11 un Mts can be implcmentcd at nll, it can 
bctwccn a procurcment infonnalion systcm und only be impkrucnt~c.l by a suf! group, and one 
a finishec.l·gooc.ls distribution syatcm. Like the of considwtble size. 
financia! systcm, thc logistlcs information sys· ,. 
tcm or subsyst.:m is a job for a specialist. · 2. Coordin11ted systems /or functlonalmeas can 

Tl1e m.Jrketing in/ormmion systems: Like the 
two systcms just c.lescribed, thc marketing in· 
formation system can also consist of a numbcr 
of subsystems. A company muy maintain sepa· 
rate subsystems for scparatc product lines1 and 
within a product line, il may maintain further 
subsystems for advcnising and sales promotion, 
short·tcrm sales forccasting. long·lerm ~ales (ore· 
casting, product planning, and so forth. 

Again, the critica! point is lhis-a marketing 
inlomtation system is almost cmnpletely dif· 
fercnt from the other two.systcms. Consequcnl· 
1>·, expcrtise in cither or both of the other'Sys· 
tems would be of iimited value In de.veloping 
a marketing information systcm and vice versa. .. 
Lega/ se.rvlce.s, Industria/ relatfons, and public 
relarions: One of the major purposes of each of 
thcsc st3ff funclións is to provide top ·man3ge· 
ment with spcdalized information differé:nt from 
that provided by any other stuff ollicc and difler· 
cnt from th3t provided by the three information 
systems previously described. 

R.oJD re.porting: The information system man· 
agement requires in Ibis orea is distinct from 
all others, and expertise in thcse othcr arcas 
ofTers limltcd hclp In dcveloplng an R&.D in· 
formation system. 

In short, cxcept in the small company (which 
probably necds only simple systemsl, there are 
severa! informalion syslems that have vcry fcw 
similaritles and many wide diffcrenccs. Con· 
sequcntly, it makes no sense to regard the pro-

·. cesses of developing and implcmenting t}¡cse 
severa! man3gemcnt informntion systcms as 

be clcveloped witlJout" 'IOtcJI systcms <lppro<~ch.' 

i 
"Unless you develop th~ MIS as a single, inte· 
grated systcm, nll you will get is a bunch of un· 
related, uncoordinated, inelfective systems." If 
1 ha ve heard this stalemenl once, 1 ha ve he~ ni 
it a hundred times1 and lit still is not lrue. 

1 have seen mány sy~!ems that have intricate 
interfaces with one nnother and thnt are still 
efficient and effectlve. In the automobile inc.lus· 
try, for example, 1he developmcnt of a ncw 
model ur involves m~ny lunctions-styling, en· 
·gineering, product planning, finilnce, l3dliry 
plann.ing, procurement, nnd production schedul· 
ing. Each lunctional unit develops iu interna' 
information system for controlling its part ol 
the operation1 in addition, at cach interface, th'e 
functional units exchange the information nec, 
essary to malntain coordination betwcen thel'll. 

lf an information system is ,incflectivc, the 
cause is very !ikely 10 be thc incompetence ol 
lhe people responsiblc lor it, not the absenec 
of the general MIS approach. In this connection 1 
might quote William M. Zani: 

"Most companies havc not conccivcd and 
plannj:d thcir management information systcm 
with 'any signiflcant amount ol attcnlion tri 
their intendc:d function of supporting the man· 
ager as he makes bis decislons." • 

Zani goes on to suggest a new appro;;. h to de· 
vc:loping 31\ MIS as a solution to this ~itu.ltion. 
My sqlution would be to make sorne pcrsunncl 
changes, because anyone who fails to dcsi¡¡n an 
inforo)ation system for its users is incompctcnt. 

Sucn incomp<¡tence is vcry prevalent 1 hJve 
seen dozens of comp•lnies whcrc managcmcnt is 
t. "11\lqlriJu lor MlS,•• liBA. NovcmLci·Dcu~nbcr •tJO, p. 95· 

' . 
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not n:cclvlng hall the relevan! accounling In· @somcone champion the systcms approach lO 
formation that could be madc availablc if thc managcmcnt. 
financia! lnformatinn sysu:m hml bcen propcrly lt is thercforc not surprising that gn01l man· 
designcd In the 8r~t pince. And ohhough 1 om agcrs follow thc·systcms approach, bccausc thi~ 
not sufficicntly cxpert in othcr typcs of in· npproach is mercly thc ancicnt art of managc· 
formatiun systcnu tu know whethcr thc samc mcnt. Would a competen! business execum•c 
situation cxists thcrc, 1 have no rcason to bclievc plan a mnior cxpansion program without con· 
accounting is wmsc than the othcrs. sidering thc sourccs ami timing of lunds, thc 

To asscn that such problems as thcsc result availability nf people, thc pussible reactions of 
from thc indcpendcnt dcvclopmcnt of differcnt compctitors, and so forth! Ccrt;unly not. Ami 
information sys1cms, rnlhcr 1han lrum shecr and he would consider thcm in rl'lalion lo onc 
ordinary incompclencc, is simply ridiculous- anothcr. · 
and to rccummcnd thc "MIS cure" is evcn mure My conclusion, thcn, is that thc systcms ap· 
ridiculous. To cnsurc that a company has cffi· proach is prcciscly what cvcry good mana¡;er 
cicm information sys1cms which are wcll co· has bccn using for ccnúuies. Thc systcms ap· 
ordinatcd with onc anothcr, managcmcnt need proach may be ncw tu sciencc and lo weapon• 
only bt·ar down on the pcrsonnel in thc various · acquisition, but it is ccnainly not ncw to bu•i· 
lunctional arcas who are responsiblc. · ncss administration. 

3. 'Tht s¡·~tcms trppmach' /s mcrcly tin elaburate 
phrnsc for 'good llltllwgcment.' 

Thcrc are many llcfinitinns of the systems ap· 
proach, but 1h~ followin¡; is ri:prescntativc: 

"Thc s)'stems approach to managcmcnt is 
basically a way of 1hinking. Thc or¡;ani~ation 
is vic,,•cd as an intcgratcd comple~~: uf imerde· 
pcndcnt parts which are ca rabie of semi ti ve and 
accuralc intcraction amon¡: themsclvcs and with 
their Cll\'ironment." • 

What docs this mean l lt too k me some time to 
figure it out. 

Whcn thc systt:ms approach flrst appeared in 
thc litcrature, 1 ~ad a great deal of difficulty 
understanding the conccpt¡ and my conlusion 
increas¡d until 1 startcd asking pcoplc this qucs· 
tion: "What would an exccutivc do diffcrcntly . 
if he ':''ere tu adopt the systems approach in place. 
of the truditional une!" 

Without .:xccptiOll, thc replies 1 rcceh•cd made 
assumptions ahout thc traditional approach that 
simply are not va lid. For cxample, somc ~ssumed 
that thc rxccutivc pc"cives his urg~nizntion as 
sta1ic1 othe15, thnt he i~ils to consider thc ínter· 
action of rcl.ucd VMi;tbles. In othcr words,. thc: 
replics wcrc prcditntcd un an ineomp~tcnt, evcn 
a snrpill, cxccu1ivc. ' 

Thus 1 ccmrlmlcd th;ll thc ullc:¡;ctl a.lv~ntn¡:cs 
uf thc K)'Stcms ~l'l'"'"l'h rcally n•suh frnm thc 
diffcrc:ncc lwtwccn :m ;tdcquate ;JIIll an in~d· 
cquate m:111.1¡;cr. JI )'1111 tlnubt this, 1 invite ynu 
tu nsk thc qncsciun 1 di,J. thc next time you hcar 

l. .\f\'1"'" lo\oiL¡tdo~L~ ''Thc Whra ,,_. Wiw•cfur"" 111 thc- StatciDI 
A¡•r•"•h.-t.:• lnu•, .. ·.ua lh1•ÍN~-... ~unua..-r 10171, 

At this point,.lct me summarize briclly. First, 
an MIS would havc to be devclopcd by a ~roup 
cumposcd uf exp~rtti in thc v;~rious tyres ol in· 
formatiotf systcms usc!d by m~nagcmcnt. Thi~ 
must be so hcc;~use the possibility that a sin¡;lc 
individual will be expcrt in ''" 1ypes of infur· 
m~tion is rcmotc. Sccond, thc approach tilken 
by thc Mts ¡;roup woultl he approximatdy thc 
samc as thnt t:okcn by any compctcnt ami e~~:po:n 
manager W!Jtking in one ol the functioJ>,,I in· 
formation sysu:ÚlS. 

How, then, does thc Mts approach diff.:r lr.1m 
thc tradition,tl uppruach. to information systcms; 

The only diffcrence 1 can scc is that a com· 
pany's mana¡;cmcnt information S)'stem would 
be the responsibility of onc centra lized gro,IJ'; 
whereas,· tradition~lly, thc inlormation systLillS ' 
cxpcrts havc bccn located in the various lunc· 
tiD!lal arcas. This brin¡;s me to the last fallacy­
that such ccntrulization is practicable . 

• 

4. Ccntrn/izln~ the contrul of 11 compiiiJY's in· 
fouíuuion systems in a s11rff group cre.ucs prob· 
lcms that ttre lmo/ub/e; t/Jcrcfore it is 5impl)' 
not (etJSible. · 

1t is theorcticnlly possiblc to ass•·•nblc: a st:~lf 
MIS gmup that is sufficiently largt• and divcrsi-
1\ed tu havc cxpcrtisc: in nll t~c formal informa· 
1ion systems tl.:scrihed c:Miicr-m~rketing. man· 
'ufacturing llu¡;islicsl, Annnce, nnd so lorth. llut 
to org~nizc this ¡;ruup propcrly, the cumpiln)' 
shnulll appnint .;111 • ,·xecutivc \'ice prcsiJcnl fut 
infunnution tu sup.·rvi:<e thc work uf 1hc gwup­
thal is to sny, thc systcms of thc st~ff vice r•ro:si· 
dcnts, thc controller, the lu~is1ics informJtinn 
¡;roup, thc marketing inforrnillinn ¡;rnup, ;mJ on 
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fo<rth .. But what would this uccomplishii.A:t me @ mann¡:,•mo:nt inform:uiun s<ystcms wuiun ;t com· 
ignore thc bct that no sane manufacrurlng ur pany or tu rhc manas•·mcnr infurm;Hiun sysrcm 
marketing cxecutivc w,ouiJ Jclcgatc thc rcspon· con~idcrcJ as a whole. 
sihility lor '!lis infurmation systcm. Thu~. whcn a group uf expcm h;ts wmpkteJ 

Onc rcsuh might be that this cxccutivc vice iu ovcrhaul of thc logistics systcm, ir_wiil not 
prcsic.lcnt for information woulc.l promotc bcttcr be in a positiun to att:tck 1hc financi.ll, markct· 
coordinarían bc1wecn functionnl arcas. On thc ing, or an)' nthcr ~ystcm. First, th•· !:toup 1\'ill 
other hand, of cuursc, rhc prublcms of coordina· 1101 havc thc specinlist cxpcrtisc rcquin·d. Scc· 
1ion would dr:tsticóllly incrcasc in thc m;mufac· onJ, thc typc of problcms rhc ¡:t.ntp may have 
turing anJ mnrkcting arcas bcc;~usc 1he rcspon· found in ·thc lo¡:istics arca will :tltnost ccrtainly 
sibilily for the inform;ltion systcms had bccn not cxist in o1hcr arcas if the ·.t;~ffs in thcsc 
scpara1cd frum thc pcople who hold thc linc re· othcr arcas are compclcnt. Thinl, thcrc 1\'iil be 
sponsibility. Ami in any evcnt, simply havin¡: no rcsponsihility vacuum as in thc lo¡;i,tics arca¡ 
all of the information groups, including thc MIS rhe MIS ¡;mup will not be in o position to l;tk~ 
group, rcport ro a single c:xccutive woulll h3rdl{ over by ddault. 
ch3nge the ttpprnc~ch ro devt:loping information If you have any doubt about rhe validity ol 
systcms. Thus the special volue of the MIS np· thcsc statcmcnrs, 1 sug¡;est that you e~amine 
proach is still obscurc. thc kinds of things that any MIS ¡;roup is lloing. 

<In short, it scems ro me that if any< of the Outsid~ of the routine computer s>·stcms, yuu 
MIS people are compctent ro tell the functional wi!L almosr certainly find them conccrncd ha· 
cxperrs what ro do, they should be in thc !une· sically < with parts ol the logistics information 
tional area. 1 sce no lo¡;ical way ro centr3lizc systcm only. 
the responsibility for al! thc management in· 
<íormation systems. 

SignificaiH misconception 

lf the MIS approach is as fallacious as 1 bclieve 
it 10 be, how has it been able ro maintain cvcn 
n superficial credibílity! 

The answer, as. 1 have hinted earlicr, is this: 
<ihe early success of information ~cchnology in 
renov aring logística systems has bcen so great 
rhat there is a natural inclination to try thc same 
<methods on the company information systems 
as a whole. • < 

This misconception has evolve4 In a. natural 
enough way. Responsibiliry for ¡f logistics sys· 
tem has traditionally been divilled among sev· 

< .. 

eral executives-e.g., in purchasing, in manu· 
facruring, and in marketing. This dividcd re• 
sponsibility has often rcsulted in poor coordina· 
tion throughout thc system. Furthermore, the 
people< responsible for the system have oftcn 
been old-fashioned in their methods and rela· 
tively unskillcd in information 1echniques. Thus 
a vacuum has frequently existed with respect to 
the responsibility for a company's logistics in· 
formation system into which thc burgeoning 
information technology has moved easily and 
successfully. 

However, as we have seen, there.ls no reasoti 
· to suppose that thc principies of information 

1echnology used so success(ully in the logistics 
arca can be g~neralized ro apply to the other 

1 

Roots of poor infohnation 

So lar this article has been quite ncgative. Now 
1 should like ro suggest some positive actions 
ro mitigare the inlormatlon crisi>, if it can be 

'called rhat.<Before 1 propase rhese actions, how· 
, ever, it is appropriate to review the causes o! 

managcmenr informarion problems. 
As 1: huve pointed out, .rbe principal cause 

of poor informarían sysrems is 1hat we have 
put incompetent or ineffecrive pcople in charge 
ol these systems. 

The s~condary causes are somewhat <more 
complicated. 

Growing use of computer.s 

Computers and computer·related systems activ· 
ities have been growing very rapidly, and cur·< 
rently thc cost of thcse activitirs has bccome 
very significartt in many companics. In spi1e of 
large expenditurcs; however, the •¡ualiry of the 
inlormation available ro managuncnt dppears 
unimproved. 

One reason is, of course, that sorne computer 
insta.llations are not run cffectively. Annther is 
that '.the< compurer-bascd information systcms 
have bcen oversoldi mao~gemcnt has hccn lcd 
ro expect mych more than ir has rcccivcd< In 
other words, t(lanagcmcnt's dissatislacrion with 

1its information ~ccurs, not from any dctcriúra· 

1' 



'-·· 

. 
tion In lts lnformation systems, but lrorp 
inflau:d cxpcctalions. 

Interface conditions 

its 18) graphical dispersion have made control much 
more dilficult. Yet the ncw information tcch· 
nology has been oflittle help in this are~. simply 
bccause the problems of controlling dcccntral· 

Individual syst~m's change and lmpróVc at dif· • 
fcrcnt ratcs, and this creatcs problcms al thc 

. intcrlaccs betwcen them. For examplc, opera• 
Úons rescarch techniques, used in modem lo­
gistics systcms, require much more sophisticat· 
cd cost accouming inlormation than traditi•mal 
cost accounting techniques can generate. Prob· 
lcms can also occur at the interface between 
production and marketing, bccause production·. 
r.cheduling technique~ are Irequently much more 
'6ophisticated than the techniques ordinarily 
used in market forecasting. 

In general, thc. bencfits o( advanced tech· 
niques may be largely lost where they are de· 
pendent on primitive oncs. fTo sorne extent, of 
course, the problem of proper coordination at 
the interfaces reflects the compctency of the 
&tatf involved. Othcr things bcing equal, only 
an incompetcnt would use an advanced tech· 
nique whose clfect'iveness would be undermined 
by inadcquate support.) 

&pidity of change 

Many companies are changing very rapidly, and 
it is necessary that their information systems 
kccp pace. In some companies, iuformation sys­
tems are not keeping pace. To sorne extent, this 
is caused by tbe inability ol the stalf personnel 
traditionally responsible for infonnation sys­
tcms to re~ct to change, Alter all, many people 
who were .once perlectly adcquate in a rclatively 
static situation become incllective in a dynamic 
situalion. · 

Greatec management cllal~enge 

Management must always · operate witb insul 
licient information. And frequently, the more 
importan! the decision, the grcater the uncer· 
tainry. in many arcas the truth of these statc· 
mcnts is becoming more salient because, whilc 
the role of management is. becoming more com­
plcx, the ncw information technology is not 
hclping significantly. 

for cxamplc, 1 have spcnt many ycars working 
on control systems for dcccntralized companie.s. 
The problcms ol control in such companics toda y 
are much more dilficult than thcy wcrc ten 
)"cars ago-incrcascs in size, complcxity, and geo-

izcd divisions do not ]end themselves to com· 
puterizcd or mathematical solutions: 

Accordingly, it is important to realize that 
part of our information crisis results from the 
'nature ol the present business environment. We 
shall simply havc to live with it. Th~; dues not 
mean, of course, that we should not continue 
trying to improve the situation. 1 

Toward real solutions 

Any company that believes it is facing gcnuin" 
· managemcnt inlormation problcms and wams 

to solve thern should consider the following 
measures. -
1. Pince compctcnt people in toch of thc formal 
in/ormotion systems. 

To my mind thcre is no question that incom· 
petency ;s the leading cause of problems in rn;tny 
managcn1cnt information synems. Hencc the 
obviou• :mswcr is to retrain or replace the in· 
corr.pcrcnts. ·. 

2. Examine the interfaces. 

This is best done in conncction with systcm 
evaluati~r., and the examination should focus 
on the~e e"!!luatlve questions: 

O Is th~e a:i.:.¡~;:re communication between 
individual groups a~ :all important interfaces~ 

Thc executive might bear in mind lormaltcch· 
niqucs such as scbcdulcd mectings and formal 

· agrccmcnts. 
O Does each group in volved in an interfJce 

kno\v er.ough about the other interfacing sy~· 
tcins to do its job elfectively! 

This is a qucstion of education. For examplc, 
cost accountants should know enough about 
company operations·rcsearch models to be surc 
thcse modcls are provhling corrcct inlormation; 
or, at the ver/ least, they should be dble to c:x· 
plo\in to the OR group the relevant Jimit;uions 
of the inlormntion their group can 5upply. On 
the other hand, the OR pcoplc shouiJ know 
cnough ahout cost accountin¡; to ask for thc ri¡;ht 
typc of data and to appreciatc: the limiwiun> in 
thc data thcy rcceive. 

But although this is principnlly a maucr uf 
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cJucntion, il may wcll be that somc suff m¿m. (~' cumputer·bnscJ systcms ~mi mi¡;ht .:ven lllllkr· 
he" are not inli:llccl\;;llly c:apablc o( hanJling takc thc systcms ami implcmcntatiun wmk in a 
intcrfacc rc:quircments, ;mJ .thcy mny ha ve to situation whcrc severa! org;mization gwups use 
he n:¡,laco:ÍI. · thc same Jat;l base. 1 

1 
Most companics alrcn,ly h;1ve such groups . 

. l. Es~~tirinc rhc lu~i.~r/c.~ sysrcm. Sume are cvcn callcd "~liS grnups," although, in 

Ori¡:in;tlly m;my lu¡;istic• systcms wcrc organi:cJ 
fur m.anual ,¡;un pruccssin¡: anJ llilvc 11cvcr bccn 
ch;mgcJ. Equally, thc .procurcmcnt, pruduction, 
;mJ disl!ibution functiuns typically repon to 
Jifferent cxccutivcs, ami consequcntly 110 onc is 
follll;llly ro:spunsiblc fur thc lugistics infurm;ttion 
srstcm. Sincc ir is hcro: that computl'rS and in· 
fonnation tcchnulng)' are most lii'Piicable, man· 
;tgemcnr should evaluatc its logistics arca anJ, 

Rcaders particularly intcrcsted in this roric moy wish 
111 consulr 1hcsc p¡c\'inu> HBR oniclcs by Prolessor 
n.::ndcn: . 
"Can Mana¡;cmcnt lnlunn;nion De Automated!" 

. ~larch·April 1y~~. p. 118. 
"Comrutcrs: No lmpact on Di\'hhlnal Control," 

lanúorr· Fcbruaoy 1967, p. 99· · · 
·:Huw tu Or¡;anizc lnformarion S)'stcms," March·April 

·~6;, p .. 6¡. 
"Mph of Real· Time Managcment lnformation," Moy· 

)une J9hf,,. p. 113. 

For more pcrspcc1ivc On che CRJS·MJ~ contro\'crsy, 
ieadcr> may olsn find thcsc HBR articlcs hclpiul: 
Warrcn F. Mcfarlon, "Prohlcms in Planning thc In· 

iurm~tion Systcm," Morch·April 1971, p. 7S· 
William M. Zani, "Biucrrint for MIS," Novembcr· 

Dcc.·mbi:r 1910, p. 9S· 

whcre appropriatc, reorganizc it and make a sraff 
unit, responsiblc for its logistics information sys· 
tem, repon to the company officer who dirccts 
thc logistic .~ystem itself. 

4. Org.rnlze'n cenrwl computcr group for systcms 
1 ' -mntro . · . · 

Computcr use will CO!Itinuc to cxpand, and it is 
vitalthat managcmcnt maintain central control 
ovcr computcrs and computer·bnscd information 

· systcms. • Such a gro u p. ~hould be rcsponsible for 
ovcrsecing all computcr·rclatcd work-for long· 
range planning, coordination, and control of all 
computcr acquisitions and applicDtions. In addi· 
tion, it should be responsible fór coordinating 

&. S« W~uco f. Mcr.ut.~n, "r,ublcnu ln M.mnin¡ d.c lnlurnuliua 
Sp1cm," 1111~ M.mt.·Arrlll~71. p. 7J. 

rcillity, thcy hnve authority only ovcr compincr· 
n:latc<l work. 

.'i. Crccllc 1111 ... tmini.uwtion o•h ,. ¡tr<'.<i.lcut, if one 
tluc~ not c~lrcc~rl¡• exisl. 

1 rccnmmeoJ<I thc creation nf ;ll\ otficc 10 which 
thc lollowing rcport: · 

O The controllcr. 
O Thc trcasurer. 
O The computcr and S)'Stems group. 
O The legal office. 
O Thc industrial relations office. 
O Other offices for company relarions lth:ll is, 

public and governmenra!l. 
O Organizatión planning. 

The marketing, manufacturing, and RS..D ¡;wups 
would cominue to be indepcndent. 

Such an office has severa! advantagcs: 
O lt proviJes bcttcr control over rhc >tJff ac· 

tivities. The increasing numb~r oi stati ,;pera· 
. tions, togcthcr with their incrc~sing spc~ializa; 
· tion, has madc it nearly impos,thlc for thc prcsi· 

Jent to exercisc real control hcrc. An admin­
btr~tivc vice president can excrdse much more 
ctTcctive control over the size and Jitcction of 
thcse nctivitics. 

O Ir provides a practica! ahcrnative tu locating 
thc' computet and systems group in thc con· 
troller's office. An administrative vice presiden! 
can provide cffectivé supcrvision anJ, at thc 
same time, mnintain ~n objectiviry that a con· 
rroller often finds difficult bec;mse of his in· 
volvement wirh · specific computer applications. 

O lt allows the compa'ny to handle misccllan· 
eous ·projects easily-for example, an cval .ation 
of a functional information system or an maly· 
sis' of the !orinal inform~tion .. ntering thc prcsi· 
dcnt's office. To take carc of nonrccurring ur 

.· particularly pressing informatiun S)Sicms prob· 
lems, frequcntly the best arrangemcnt is to or· 
ganize temporary task fo"es that repon to the 
administrative vice presidcnt. 

O lt simplifies thc proccss o( coordiuating staff 
offices. 

However, 1 would not makc rhc ndmini,tr~tive 
vice president or thc ofTiccs rcportiu¡; to him 



rc~ponsiblc for 1bc entire managcmcnl ln(or· f[li pretcnds lo embrace more 1han compmcri:.:cJ 
mntion sys1cm. Marketing, manulacluring, and systems and logistics, thcn 1 have nor sc1 up a 
R~D would all be rcsponsible for 1hcir own in· straw issuc. And thosc who doubt my conclu· 
Jurmation sy~lems. Also, the diffcrcnt activities sions, negativc as 1hcsc may be, woulJ be wisc 
rcporting 10 bis office would dcvclop 1hcir in· to ask thcmsclvcs the following qucst_ions be! ore 
(ounation systcms ir\ relalive independence ex· they lake up lhe pen o( protest: , 
ccpt where interface communicalions are iq O Which information systcms are 10 be m· 
qucstion. . cluded in the Mrs! 

O Whal kinds of experta are to be iloduded in 

Questions for my critics 
an MIS group, and whal training ~ha lit he y ha ve! 

O Whcrc is 1bis group to fi1 into lh•· ~orporate 
organization! In particular, what will happcn to 
1h~ staff groups from the controller's office, 1he 
legal dcparunent, the marketing rescarch dcpart· 
menl, and so lorth! 

lnevitably, 1 shall be accused o( settlng up a 
suaw issue in this article and then demolish· 
ing it. 

1! the MIS approach really embraces only com·· O What authority ls the MIS group lo havc! 
. putcr·bascd inlormation systems or centralized 

logistics systcms, thcn 1 h11ve set up a struv 
issue. No harm has been done, howcver, beca use 
1 have at lcast clarifled the meaning of "MIS." 

Js it lo have au1hority lo dcsign and implcmcnl 
syslcms, or is il 10 serve in an advisor)' !une· 
tion only! 

O What can this group accompli~h th~t c~nnot 
be bettcr accomplishéd by placing inlormation 
spccialists undcr lunctional groups1 

IItH 1 cannot belicve the concept ls meant to 
embrace only this. 1 have done my bcst to dis· 
covcr what the MIS approach rcally is, through 
talking with its' proponen u and studying its 
litcraturc; anJ this article honestly representa 
my bi:~t understanding. 

Arguing the via.bility of the MIS a pproach is 
pointlcss unless answers to thesc quc~uons are 
set forth clearly. And the clcarcr thc ¡¡nswcr~, 1 
believe, th~ lnore transparent the MIS mir;1gc. 1! 1 am correct ln believlng that the approach 

Scientists 
& critics 

Moni•ntr Tauhc, 

' ' . 

Cnmpu~ru and Ccmunon Semt, 
Ncll' York, Columhia Univmily 
PJC'U, llJhl, f'J'· lll, u ... 

Thc crltlclsm ol sclcnce In the twentletb century 11 a kind of Ji:«· nJ>oi,·.<r~ 
somcwhat equh·alent 10 crlticlzlng the Reman Cathulic Chmch in th.c 
twelfth ccntury. lt ls seldom· realÍ:cd th~t every lonn ol intcllcctu.11 en· 

. deavor with the exceptlon o( science has borh practitioncu anJ infurm•·d 
trilles. Thesc critica In thc fielda of, roerry, llcriun, dr•ma, painring, scul1•· 
turc, music, etc., not only function as ;Interpreten of thc rruttilionL'IS tu 
the general rubllc, but as crirics who compare and c~alu~te thc '''urk of 
the pracrirloners. A crhlc who nev~r w~ote a pnem, compo5cd a ~enrr, or 
painted a ¡>lcrure may perform the' falu'ablc sen·Jcc of noring th.ll a par· 
tlcular poem, score, or palnting ls uninsplred, shndd)•, or imltariw. Further· 
more, no onc scrlously sup¡>oscs that thc work o( such crltlcs cunstiturct 
censorshlp or rest.¡lctlon on thc fr~e creative ~piritt ol poe11, mu•id•ns, 
or palnters. But sclrntiats have lnsisted that any crhiclsm o( rhcir wurk 
doca consrlturc censonhlp or a failure ro appreclate rhe nccnsiry lor 
''b .. ic" lwhlch sometlmesshuuld be read u trh·ial or u.eleul "><'arch ..•. 
. The wly thlngs are nuw, lf snmcone can gcr by wlth ¡>r~c"•l'rin~ r~e 

use al rhc ter m "sclencc" he la rclari\·cly free frvm cxpvsurc as,, ,·h,oriJr•m 
e\·en JI he h one. . 
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A· mcthodology for multi~fritcria 
informntion system design* 

by JOHN S. CHANDLER and THOMAS O. DELUTIS 
l'h•· Ohi" Stuu Ut~h·tuif>· 
Culumbu•, Ohio 

~USTRACT 

lño .tesi~n dilemma raced b)' lhe desisner is lo snlisfy u sct 
•• r "·unnic1ing u ser dcm•mds und rcsolve u sct of Cf?'nnicliftl 
H''"'durct requircmenu concurn:ntly. In li&hl of thc cGm­
:'1.:\ily or' madcm !\Y~I~m:-. it i:\ assumc:d that good system 
.!«i~n uccd only produce sali•faclury porforrrumcc for l>olh 
.:rit.:ria. Currcnl C\'HIUilli\'C tcchniqucs, howev~r. cuncco­
lr~th: un eithcr the u~cr crÍII!'rion or lhe systcm crittriOI'l 
·"P.:Cl or lhe lolal dcsign problcm. bul nol bolh. A melhod­
'''·'~)' has bcen do\'clopcd lhal eslablishes a rurmol liaison 
1>.:1w<en lhe evaluation or u ser goals as a runelion of sy>lem 
a.:livily and lhe evalualion of resource Ulilizulion US 1 

runction or u ser demand. lhereby creuling a dcsign/cvalua­
liun process lhal encompasses bolh crileria. The mclhodol· 
"Bl' employs lhree Slage> in an ilerulive manncr lo produce 
• "salisfaclory" design. The IPSS simulalor m•ldels und 
measurcs syslem ac1ivi1y. muhiple gonl pmgrumming evlll· 
uatcs hoth user nnd systcm goals, and heuristic procedurcs 
dct(rmine design modilicalions lo il)lprove performance. A 

. funclional dcscriplion or lhc mcthodology nnd an exnmplc 
uf ih use wilt be presenled. 

INTRODUCTION 

. 
In March of 1973, ACM nnd NDS sponsorcd a Workshop•• 
un compuler performance cvnluulion. One of lhe m;üor 
rcsults of thnl Wurkshop w"' u conscnsu• lhal therc havc 
l>.:cn two ..,pnrale "pproaches lo the cv:aluulion of informa­
lion syslems pcrfurmance-.>ne which rocuscs on lhc com­
f'ulcr systcm domain and lhe othcr who~ uu~ntion is · 
~[rccled al lhe upplic<•lion •Yslcm (uscr) domain. Each have 
lhcir own ¡;oals Md mcasurcs: lhc compulcr syslem domaln 
hh."~'ures ure bascd on rcsourcc qucueing und uliliz:ation 
>latislic> und the uscr domain is evaluatcd lhruu~h thc 
rcñorm:ancc of rcquc),lcd scrviccs. Mca~urt5 such :as ·' 

Thi1 r~orcb ¡, t¡ci•l cu~~ted •·i1h '!'< •uppon <¡(111< Noll'/""1 SácDCf 
- fuund;alion. Grllnl No, SIS7~ .. 1MI. 

•• Tbi• v.·u OM ia • ~crin ul Worbhups srons.artd Jointlr br ACM ud 
t.ilJS ht cumlrw: thc m;ú1.1r íuun involvina: cumpulcn. Ptrf\Vmann twilll~&ao 
Lt.ua '4.'U chuW'n " lbc lupi( o( tbU \\'~L.hup bcc.tuu: •I/ it• W¡;tU(..:a• 
imf\iM:I oa compulcr Ul.OI¡C. A •umtNf}' o( lbc cunr.:h .. iun. arre ..... ia 

· -~rcrcDCc l. 

19$ 

thmu¡:hpul :and response time urc commlln f<lr lho '"""'· 
Thc Workshop ulso concludcd lh:al un y performance ""'"~ · 
.. , :'should r<cu~nlze holh lhe cosls ora compulcr in-lalio­
tlon nnd lhe nccds or uscrs for •crvice." 

The comple•ily of lhe dcsign problem for mm]( m ,,,.,. 
putcr b:.1scd inrormation systc:m~ has incrcased significami~ 
ovcr ils predecessors due \o: 

a. thc Krvicing or un expandinc r.mge of user ,lr u:-:~.·,:. 

wilh corrcspondins diversc perfurmance v•~•i> ánJ 
resource r~quiremenls, and 

b. lhe dynumic :md unpredictablc !lcha•·ior or lht ~)'>t~m 
as a funclion of dcsi~n decision• and lm1d mi.\. 

Thus, 11 is quite possible 10 improve lhc performance ,,r lh< 
system whh rcspecl lo one or more users utlhe e•p<n>< ,,¡ 
othcrA. Likewise, heeuuse system resourccs nre uscd r)· 
dirfcrenl uscrs: improvins lhe performance chamclcri<li<• 
Of OOC or more r~sources for lhc bcnelil of spcdfic U>t!" 
may hove nn ov~mll detrimenlnl erfccl on performance. 11)f 
problcm prcscnled lo 1he designer is lo configure • •ystom 
which sulisncs the user criterion 

1
while achicving syswn 

rcsource related performance crilenu. 
A compuler b:,.ed informalion processing syMcm c;m 1>.: 

yiewed ·us li symbiotic relnlionship betwecn lhc •l·stom'~ 
uscrs nnd hs hurdwarc, sonwarc and dula resources. Id~· 
nlly, lhe syslem will pcrform "oplimully" whcri i1 a.:hicw• 
lt1 user oricnh:d obj~ctives within u ininimum cost sy~tl!'m. 
However, ortlrru•l solutions are scldom ¡¡chi<\'cd .. h,·q 
5Y!\Iems ·urc c:Clmplex. ill defincd or c:onstro~inc:d f¡Jr r.:a. .. ~..\n~ 
outsidc lh( cunlft.ll or lhc dc!rt.igncr. nnd thu!(. tht.." ~l!':"oi~n~..·r, 

usual! y sclll~s fór u sa1isfac1unly behaving sysl• 111. H•'r<'· 
fully, syil~mutic. pn><:(dures are cmpl11yed lo achic•·~ sp.-, 
IC'm conricumtiuns whkh con..:urrcntly mccllhl! u~cr t.,hj~o."\:'~ 
livcs whilc ubtt~ininp. dlidcnt utiliz.;1tion of its rtSLlur¡;cl.. 
Currcnt cv;¡luativc tc..:hnoh,gics focus on only on~ .:rit~ri,,n 
In lhe syslcm dcsi¡:n ~qualion, eithcr thc usor or lh< 
system's rcsoun:e · pcrform<~nce. Thc .ahili1y lo >imullan~· r 1 1 ' 1 , 1 
outtl)' usc~rtuin thc imract uf rc:suurcc p~rformanú' on u~~r 
co••ls. or vice vcnm is nol rcmfily au.:hicv;¡hl¡,: thr"llll!h lhc"-t 
mcth,ldulogic•. Th~ purpu~ uf this papcr is lo di.'S\."rih..• " 
melhodolu~y Which ~Siilhfishc• 11 f<ICmalliaÍSOR ilclwc<n lh<' 
avaluatiun of ustr (:tJals mi a funclion ·or sy~tl.'m l~havi,,r 

.. 
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nnd lhc unalysis or rcsourcc peñorm:~ricc ns a runclion o( 

u~cr uCtivily. 
U~cr oricntcd tmalyses wilh nhjcctive (unclions h:a~d OQ 

rc:spun'c lime. throughput. am.J CllSt hoavc hcen (¡and 81~ 
conlínuinl!- to he) rcpurtcd in thc lilcmture. Mosl frc· 
qu~ntly. ¡malytic :•rpro;¡chcs use qucuein,l! modcls as thc:ir 
h;&!'.is ( Rcf"•rcnccs 2-4 ••re rcprcscnlalivc of lhis typc of 
ano~Jp.h.). Duc lo lhc ncccssity lo mnintain lractablc 
moLh!b, nao111y 'implific<Jtiuns are requircd for a modcl's 
analytic¡¡J ::.uluriun. Simuhuh¡n ffi\ldcls h:..~vc nlso beco ap­
pli~d h• U!<oCt oricntcd analysis.•·• Unfonunatdy; thcsc 
nu.K.Id~ yicld lJnly avcr;.¡l!c and/or agl_!rct!ale: mcasurcs or 
S)'Mcm rcspo••~~- A:t a n:sull of thcsc: simplífications, thc 
.. naly~cs prmluccd by bolh of the apprO&IChcs f••il in mtt.ny 
ca~es 1o idcn1ify the 1 dationship bc1wecn u~crs and re· 
.iuun:cs. Thcrcfurc, they are suspcct whcn uscc.l lo prcdict 
lii~ impact on systc:m pcrfornmnces of modifying thc cur .. 
rcht cnvirunmcnt. 

Altcrn<~tivdy. pl.!rftlrm;,ncc oinalyses Ctll\ be mo1de from 
thc ""Y!\tcm'"" !\tandpuint, trc:1lint; the U!\er unU his c.oals in 
th~.: a¡.:grq:alc. TI u: most commun approach is a suhsyslcm 
!\IUdy. \o\ hcn.• a r:,rlic.:ulo•r p;,rt uf thc informatioi1 sy~tem"" 
"·,,mplcx i~ i.,ulatcd. \o\'ith thc !':uh.,ystcm uscr(s) rcprcscnh:d 
hy :1 stu~h;•stk t!l!ncralor, huth ;¡nalylk o,nd simul;¡five. Thc 
mus.t cmrJw,izcd o1rcas of rcsc:•rch h:~s hccn the 110 sub. 
,y,lcm1 -'" ;md CPU uliliz:uion."-" Thc prohlcm wilh lhis 
kvcl ur CVoiiU:.Iiun ÍS lhal, allhuu~h providing valuahlc local 
inluilivc in-i~h1. lhc•c modcls rarcly rclalc 10 lhc uhimalc 
informali''" 'Y'Icm user. und. lhl!rcforc,. do not providc 
rcali.-ai~ in~il!ht into ~loh;1l pe1furmo•nce. 

E.xamin:11iuns nf complete ~yslcms h:1ve ¡¡Jso hcen madc. 
E\h¡111s1ive han..Jwarclsoflware me:asurcmcnts havc becn 
omalyzcJ hy Gonz.alcs and C:•nlrcfl'•·•• ~hile simuhJtion 
mtlJC'Is. indudin~ an ¡¡ggreg:atc u~cr componcnl. h;.ave becn 
buifl hy Rl!C\'CS ;md Pooch, Norland, and Lum.u·•• Al· 
rlwu!!h rc~.ult~ ,lf the evaluatiuns include rcsourcc utiliza­
litm M:•thtic' :.and u ser oricnlcd mc;.1sures such ;as n:sronsc 
time. thcre i!\ lilllc taltcmpt in 1hcse modcl.s lo rch11c 
p;¡ni~.·ulnr rcsourcc usa~e lo thc cffurt ~n uscr !!Oill auoain­
m~.·nt. ITwn cxccplions are l.in.ds:¡y'rt. stuc..ly of thc 
KKONOS s)'slcm" and Hall's dala base invc>IÍ~alions."') 
Bul frum pr.u,;lical cxpcricncc Íl is cvidcnt lh:1t lhcrc i.s 
indccci a n:l:atÍilO."i.hip hctwc&:n uscr l!llals nnc.J rc!\uu_rcc 
u~a!!l!· In fou.:l. nuz..:n" h;.as rcc..:nlly prupUM:tl StlffiC funda· 
m~.·nwl law~ ftlf cumpulcr p!.!rformancc which n:late · re· 
:.ouq:c ;.1\,.'livit)' lu 1.!1uh;¡l systcnllu!\cr mCiiSUrc5 suc" ¡~5 

r~'fl'•n'c linh.' ilm.l lhrnut:hpul .. 
lt is ''"unh.:J tlml lhc tlbj~cti\'c of ¡:ood S)'Sicm desi¡:n is 

tu s;,risfy h111h pt!rfurm.,ncc rd••lcd crileria. However. in 
lil!hl uf lhc CtHHpk\ily t.Jf mndt:rn ~yslcms. momy dcsi¡tn 
d~ci•dtm' h.·n...l lu he m<~dc wirhnul prnpcr sup~H1ivc evi .. 
dcncc un r'-·ñurmance. Thc cru\ uf lhe prnhlcm is ro 
c~l~shlh..h u ..:;¡us;•l n.:blinnship IJt:h"·c..:n uscr t:tlal ••li;•Ínmcnl 
omd !\YSil"Ol h.·,m•rcc: c\pcnditurcs. Tlu: mclhtlt..lultlt!)' ro N: 
t.Ji,cuss~,·c..l hil' hccn dl.',igncd tu c~t;ahli~h ~uch 01 lh1i~un ;.mc.J 
will bl.' ll>htl\olo n 1u ;¡IJ,Jw ft1r thc cult.:crinn tlf h!.!rCillforc h:1rc.J 
h1 t'hlaÍJl ~o:v:~lu011ivc infurmaliun. Th&: mcthud•ll•'l!Y mcoL-. .. 
url.', lh~..· imp;1Citlf individual u~~r cl;•s,cs 110 inlcrnal :¡¡yslcm 

p¡;¡f,,nu;•nt:~ ~1111J hknlifi..:s '}'SII..'m IX11lkn..:d~s whkh inhihil 

,,.,. 1 

lt.aa• l 

l4uttl;t 
Perfora.:~ De• 
ObJ.cti·.t•• 

forauht• 
rtrac sy.ceo 

[vllu.ate 
Unr Coda 

Ten~l.Nit• 

Fon-uhte 
Ahern..Uv• 

S:¡acea 

----- ---. .J 

D .. iaa Proc.u• 

fi¡:urc 1-Siu~s in •,...a cm dni¡n prcceu 

lhc all;¡lnmcnl or u•cr ~oal •• This is uchicvcd by muinlliin­
lng rcsoUrcc ulilizution · sttati~tic:5 on a u ser class hasi~. This 
n1clhodolu~y prcscnls un cvulu.,livc fr:1mcwork which is 
Ciapahle uf elimim11in¡,:. m¡my Or th4!' numcrous nonsalisfuc:·· 
l<lrY dcsi~ns l>y dircc1in¡; lhc dcsi¡!n<r lo lhc mo~l udvunla• 
pcous un~s. This mclhodulogy is un ih:maivc onc wilh cuc:h 
ircr.atiun invuh·ing thrcc scpilmh: hut inlcgratcd 1'1il¡;cs. 
Fi~urc 1 illusln<lcs lhc uclivilics rur un iiCf"dlion. Dricny"lhc 
rc•ponsihililico ror cach slu¡;c ~hown in lhis li~urc are: 

This <IU¡!C is rcspunsihlc ror CVUIUalin¡¡ lhc hehavior O( D 

•rccific inr,~rmaliun syslcm m<>dcl. 11 duc< lhis i>)' n<Sl>cial' 
in!! che h:~rdw:rre, software am.J d:.11~• uctivitiCli. hdonging to 
a spccinc dcsi¡:n \\·irh thc syslcm's U!loCr acrh·itic~. The 
UUipUIS o( Sla¡!C 1 are pcñurm;mcc Slalislics rur lho. ,..;~ 
MtUrccs in thc Otl!J;fC!!<IIC ;.mc.J for thcir ~havi,•r \\ ith r.:SPtc:l 
hl it.lcnrified usen. (or us..:s). Tu ru:rrorm thi' fun~riun, lhc 
IPSS Simulalor is cmploycd.t 

t IPS.~ ¡, .. · .. rc-cioal ru•f'l'"< di-ocrnc ncnl ~~oimulih•r .. h..~ dc\·cJ.,rmcnl ,.,u 
c•OCklur.:IC\1 •ilh lhc \U('plft 1.1( lhc Nari..to..al ~i .. "fh:t r.,uoJ • ..aion. Gr.~nl NIJ. 
<.iN· :«66!!. 



Mclhodulu~y fúr Multi-Crit~ria lnfunnuliun Sy•lem lk•i~n nn 

,\ldtf 1: u ... , c .... , ¡;...,¡,,;.,, 

s13~c 2 ha&lwo pui'J'O•••· The firolls hl asccnuhi whelhcr 
tht u,cr [!Uttl~ un: hL'int: r:ithcr nvcr &.')f un..t~.•r w:hicvct.l. The 
"-:-,,nd purpu~ i:\ lo d~:h:rmint: the ··h.:st .. set ,,r p.uiLitlin'"._ 
¡,•r !illh:rinl! tlu: ''"''''"' S)'~"~oh:m "''"fi~umtiun in ord.:r 10 . 
,,t-(;,in thc US4."f [!Oal:o. With minintum J'IC'O~IIty rur I.'Íiht:r uncJcr 
~·• ,wcr ¡u.:hit.·v~.·mC"nl. Mullirh: t!''al rwl!n•mminl! is UKcll for 
ah•' purpU:'\C. A ':l. will lle s~:cn. "bcsl"' i~ u fum:tion uf thc 
...... íi!n..:t.J rcnah)' Ctl.:frkir:nt':l. in th.: goal f'lrlll!f:tmmin,¡; u~ 
J~· .. :lin: functh.m. 

Slilg:c l hn~ two functiuns. Thc first is hl uscertaln 
\l.ht:lht:r or not th~ currcnt d.:~i~n·s fl':ñorm:mcc ls ~llisf,;c: .. 
h•ry with n:!>.pi!C'I to ~Jih thc 'uscr critc:riu ancJ thc liY~tcm 
,·riicri ... tr lhe dosi~n ls nol '"lisf¡¡clury,lhen lhis •1:.&•'• 
"·cund ~""' is lo dclinc " ncw system b:t•ed upon lhc 
<urr~nl dcsi~n.· 'prior :tltcmlion•. und lhe r~sults or lhe 
Sl;.1¡:e 1 und Sw~e 2 unaly"cs. H..:uristic pruccdurcs nrc 
<Urrcnlly cmpluyed for Slut:c ~-

The roeus or lhis pupcr is on lhc Sl"l!• ~ rurmul .. liun and 
Íh rurmnl li .. ison 10 Slill!C l. Thc pup<r ulsu idcnlific• lhc 
unique feulurcs uf IPSS whkh pcrmilthis multi-stuge multi· 
;· 

crilerlu melhn.Jui••~Y 111 l>e uehlcvcd. Thc I"'J'Ier •••ncludc• 
wilh u discu.-i<>n or lhe use <1f lhe SI"~~ 1 und S1¡¡¡¡c ~ 
rcsult• in lh~ Sl .. ~c ~ hcuri•lie•. 

EVALUt\TJVIl RHQUIRHMilNTS 

Fur lh~ J'IUI'J'I<I""" ur lhl• m~lhud.•I··~Y- un lnr,.rnmliun 
K)'Sh:m is vh:w..:..J US lhc ~u m u( il!!o UM!f!!o •md th..:ir J!u:tls. o&ntJ 
thc K)'"lcm"s ""~rvk.:~ und thdr suhunlinatc :&~li\·itic,. Thi~ 
is illuslr.llcd in Fi~ure ~. 11 ls """m'-.1 lhul lh< ')'slcm'• 
nnnlysl Ciln idcnti()' und dassiry th~ ")'sh:m's U~<~~·n~ :u.:con.l· 
in~ tu th4:ir M:rvi-=c r.:qucst .:h¡mu:tcri,.til:,. •md ;u:,:unlin¡: h) 
1hc poirfurm .. ncc cunslraints imp<1...:d u¡><>n lh~ •Y•Icm li.c .• 
¡:oalsl whcn h<~nminl! lhdr rc~ucsls. lt is "'"' ussumc~ lhal 
thc: unulysl cun h.h:ntify thosc lnrurnt.11ion ~)'!!oi&:Rl ut:tivitie,. 
..·hich ur~ crilk"l lo systcm ~rforn~mc~. Ulwi,IUsly, lhe 
comple~ily or lho prohl~m i• ln•r~u-..J -·~~lanliully wh~n a 
sy,.h:m ,.u·pJklns \fivti"'C: utr...:n or pnwit.h:s u "id~ spl!~trum 
or >Crvicc•. Whclher or nul lhc •Y•••m i• cumplo• or 
simple, lhe crilcriu rur id~nlifyin~ •yslcm n•li,ilics •huuld 
1>e hl~>cd UJ'I<ln lhe sen~ilivily uf lhc •yS~cm'• p.:rfurm:1n~c 
wilh re~ard lo thun~c• in lh~ir l>eh .. vior. · 

lnformouiun !r')'slcm scr\'il.:c!C. an: vic\\·cd us ~in¡: u M:ri"-,. 
or di~tin..:t )'CI inlcr~onnc~lcd n-=liviti.:s which ;~re invukcll 
during lhc pr<lt~s.in& of 11 >lrcum of u.er rcqUc>IS for lhC 

·. ,..------------, .. -­.... 
~· 

"' ' ,"' 
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•ervice. Al!l•ln. Pi~ure 2 illu•lrale• lhl• ·vt.ew of m sy•tem. 
Mosl likely. syslcm uctlvitic• :~re ~~~~rc~alion• or one or 
mure trm.liliunal 'umpulcr tiyslcm funclions thoal peñorm 
lhc r •• uuwin¡; lasks: 

t. rcqucsl (joh) schoduling, 
" 1:1~k mun:I}:!Cmcnl. 
). rc~ourcc ullocation. 
4. !\C~nndary slun•t:c 1/0 pmcc~sing,. und 
!1. :•pplicalion procc~"in;. 

The chuicc of what cnnstitutcs un uclivity ls p:ut of lhe nrl 
\lf pl.'rfllfman~L't:Yollu;ttiun. hu~·ever. n ncccss;uy condilion 
for thcir sclc:ctiun is lhat thcy he mc:.II\Umhlc und th:11 lhc,;c 
mc;I~Uh;mr:nl~ dblin¡;.uish thc scrvicc mtc,; for ,-,cptmllc 
clas"cs of ~}'"le m sc1-vices. ll is ;¡lso nssumcd that 1hc role 
of pcñunn;mcc: 111casurcmcnl is to determine thc currenl 
proccs.ing rato for thc jlh :~ctivlty wlth rcsp<el lo lhe ilh 
!l.crvicc. 

Figure J ls u s~:hcmillic of 1he funcllunal compo•itlon of 

Arrival of •• 
Request al the Act1v1ty 

for s,·rv1ce Type 1 

syolc;n uctivilie•. Euch io viewcd as un individual qucueinl ' 
•Y•Iem •••nr;oinin~ nne or more priurily queue• nnd one or 
more idcntic:~l ••rv•"'· Additiom•lly. lhe pcrform:~noc 
mc:n"ur~ fnr thc nctivily in (lfOCt)~in~ u rcquc~t lypc ¡, thc 
)i.Um or l'l\lh thc: QU~UC perfunmmcc nml ~crvic:e functÍUn!l. o{ 

lhe uclÍ\'ÍI)'. Thruu~hout lhis pnpcr. lhc vnri:~hle R,lil ¡, 
cmpluycd 111 idcntify lhis performance ul activily A1 •• with 
respccl lo Scrvicc S,. lt is as.umcd lo he the nvem~c uf 
performance f<1r nll lh< c>ccution> ol A, for S,. Also 
ussoci:~led with e:1ch uclivlty A, is 1he pc1furmancc f:>ctui p1 
which ÍS inlcrpretod liS lhc sc:~fin~ rilctur lO be uppficJ lO 
lhe R~il lo ohwin lhc levcl of pcrform:mce for lhc. jth 
nctivity which minimizc,¡ thc (!.Onl pm~mmminc objcctivc 
funcli<ln. lt >hould he nutc.J lh:~l lhc pruhlcm or idcnlifyin; 
a ''t:.ll!Jd'' lev-:1 or pclformance for uctivitic5, i.c., dctcrmi~ 
in~ lhe appr<>priillC vnlucs of lhe R,lil"• is compoundcd by 
lh< multiplc use of thc nclivity by differcnl und possihly 
connictin¡: scrviccs. Thercforc. thc mOOilicHtion or an oc. 
tivity"s procusing rnle tu nchicvc onc ~<>al may be counler· 
prodUcliYC lo lhe anainmcnl or anolhcr &l>a(. 11 ls on lhil 

Queua Tranait 
Time 

Queue 11 

,.., 

1 . 1 
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¡><lSSibilily of mulliplc ~onnitling inlcratlions and ~oals lhal 
this mcthoooi<>J:Y is rocusc\1. · 

I'ORMULATION OF THE STAGF. 2 EVALUATIVE 
PROCEJ)URI:: 

Slagc J is hoa,~d ~m un cv;ahrativ.: proccdur.: comm,,nly 
,·all<d mulliplc ~ual pr<>gmmmin~ tMGP). Thc pro«durc 
was lirsl formulalcd !>y Charncs ;ond Co><>per" in 1961 lo 
"''lve linc&~r prt1J:!ramming .pn.thiL"m~ th01t h:ad cunni..:ting 
(dnstro.~ints. Jjili!l dc\·d~o.l[lcd thc: d.:lails uf lhc: pm..:t!durc 
"·ilhin thc fnunr.:worl ,,f m:ilh~matical prugr.tmming. Thb 
,~~.:hniquc has til.!.:n u:-.cJ h.l sol\'~ prl1hkms in lh~ ar\!:.ts uf 
~lratc[!ic mamtgcm.:nt pbnning o,¡u.,;h as Hccountinc r.on~ 
lroi,JJ adv~nisins·mcJia plannins tCharncs nnd Coope,-:4

). 

;ond resource ulluc;otiun." Thc cmpl<>ymenl or go;ll pro· 
,:r.ammins in conjun..:tion with information S)'Stcm pc.rform· 
ancc cv;tluation is a ncw use of thc pruc(durc. 

There ore lhrcc rcasons for choo,ing muhiplc ~oa!' pro­
~mmmin¡; for use in this st;ogc of lhe mcthodolocy. First. 
this opproach ""' cv;olualc linear ;ond ordinal muhiplc goal 
~iluutlons. both of which urc inhcr~nt to informiltion sys· 
h:ms evuluation. For c\;.lmplc. one uscr chass mo1y puy 
twice us much fur its scrvicc, and, th.:r~furc. satisf;ac_tion of 
il"- {!.Oals may be worth twicc as much us othl!n;; u linear 
rclalion. On !he othcr hand, ccnain users. such as a crilic;•l 
r;•ticnl monitoring npplic;otion, may havc incompamble 
irÍ1portnnce rclalive to othcr cl¡asscs; an ordirial rclntion. 
Sccond. mulliple go;d pro¡;ramming produces n •olution 
lhal nol only cv;•lu;otcs lhe total goal siluali<>n, hui ulso 
<Valuales each goal, individually. One of lhc purposes or 
lhis methodology is lo determine the critica! user classcs 
and ;ossocialed :octivilics. Third, MGP derives lhe ""hes!'" 
dcsign under thc givcn gool cons1r.1in1s. Othcr design ap­
pro;lchcs ~uch as wci¡;hting, scqucntiul eliminOJtiun, and 
spalial proximily , .. are based on sclccling lhe ""bcsl" 
design rrom a linilc scl of ;lhernalive•. The pur¡x}se or lhe 
overall methodology, howevcr, is lo dt>i¡:n an appropriate 
systcm to satisfy the · user ;.md rcsourcc CQn!'tmints. The 
Mandard formulaliun ora mulliple goal progr;omming prob­
lcm~: • 

[A)"Minimizc 
Subjccl lo 
whcrc 

A=a matrix or tcchnolo~iCill cocfficients 
which c;on be lhuushr or a• !he no les al 
which the ith scrvicc uses thc: jth re­
source 

X =thc arnsy of rcsulting syslt:m rcsource 
nlloc;~tion lcvclli 

G'mlhe army of ~crvicc I,!Uals 
Dctho ~rray or di>crcp;oncics frum thcse 

soal• 
P=the array or pcnallies associutcd wilh 

lhc discrc'pancics in O 

and whcro !he of1jcclivc funclion is lo minimizc lhe producl 

Of lhc lliscrcpancic~ und lhcir USSOC~IICJ pen;lllics. The 
solutiun toa mUitirh: J:!U.al rru~mmmin~ rrulllcm n.•rrcscnl!\ 
lhe he•l scl uf lcvcls fur !he rc .... >Urcc ;o!J,.:;oliurt vcclur X .· 
such lh;ol thc objeclivc fun~liun is minimizcd. Thc remain· . 
der uf this sccliun Uiscus,cs thc spccilic f"'m1Uh1tiun for the 
St;o~c 2 cump<>nenl uf thc mcthudul<>g)'. 

Figure ~ illuslr.oi•'S lhc rclali<>n,hip bclwcen MGI', thc 
inflll'maliun syst.:m uctivitics. anJ its llrriervicing or user 
rt>qucsts. Thc sc:r\'idn~ uf u rcquc~t 1)'JlC' i is ¡¡ scqurncc: of 
activitics. A,. A, . . · •.• A •. (';lt:h a~sumt:d lo tlc mc.i:mm· 
t'th: h)' R¡li). l!l !!Cncral. lhc m~:,.;ure cnn he il fun.ctilln 
MtR,ti)) of lhc •crvicc time. hoowcvcr. ju'l R,lil will he 
cmpll'>'CÜ in thc follllWin~ di"iCUlrlsion .. 

Th.: pcrfurmancc'bf thc infurmation sysh:m for servif\C 
l)'pC i is ~h·cn hy lhe rcl;otion 

• 
T .~il~ L (R,(i)) (1) ,., 

whcrc T ,.{i) is thc uvera~c systcm rtspunse time to scrvicc 
rcquesls of l)'pc i. Assumins th;ol thc pcñ,>rm;mcc gó;ol for 
!he sen· ice i< T di). thcn !he Jiscrep;oncy hctwcen pcñorrn· 

. unce nnd goal is g.iv.:n by ' 

D(i)=T Ji)-T Ji). (2) 

Tho ohjcctive or MGP is lO dcternlinc new pcñurmance 
lcvcls for eu~h uelivity in such a manner lh;ol lhc wcighlcd 
di<ercp;oncy. P·D, is minimized thopdully h> zoro). l.clling 
p, be a sculing.¡f;•ctor lo be upplicd to thc jlh ;oclivil)', lhen 
thc now .pcñormancc leve! ror thc actil'ity is R,(i)p,. lncor­
por•ting thc Po'• into cquation < ll "''u lis in the rollowing 
exprcssion ror lhe discr~p;mcies: 

. . 
D(i)=T .{i)- L (R,!i)·,B,). (3) ,., 

Observe lhal both positivo und ne¡;alivc discrepancics ore 
poosihlc, and, lhcreforc, lho forrnulali<Jn or lho uscr goal 
ovaluation ns a MGP problcm bo:comes:t 

[BI Minimizo 
5.1. 
whore 

P0 '·D'+P0-·0" 
R·,B+D•-o•=G 

R is a matrix or service mies 
P ·is lho urr•y or scaling f;oclo,.; 

o•· is lhc amly or uscr·goal• 
. n• and o- urc thc urr.J.ys of. rcspcclively, the posi­

tive nnd nc~nivc discrcpancics fmm thc 
user goals 

P'" and P:"" un: thc arr.ays of pcru.,ltics us~ociatcd wiUi 
the corrcspLmdin¡;- positivc oand ncgativc 
discrcpuncics~ 

• 
The furmulalion serve' two rurposes: it. cvuluates c!lul 
achicvcmcnl and prudu~cs thc p,·s. By. sellinc !he v;olucs of 
lhc fJ's lo rcOocl only lhc curren! conligur•lion (i.c., p,~ 1), 

f Thc C"orrtpkiC' ~riYo.~liua urpcoon in • prcviuu5 p.1pc1' ity lhc: AUI~Qf'l" 

prc~cntnJ al lhC' .A.nn~LI Cunrc-rracc uf th.: Compulcr M'o~Mucm("nl Gruop, 
Novcmt.«. lll76.# 
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ActlvltJ J ..... -.. 
• • .. .... ...... 

~-
.. que1t _, Quoua • Snver 

lequ .. c \ 1 .. ------- . 1 1 

, ... (j) ·1 

. 1 
1 
1 
1 

1 • 
Que u e 
Ttme 

1 1 
\ 1 

1¡1 
Servel' • J• Tl•e 

1• Actlv!ty Th:el Rt (t) 

' 

8 'o and D(l) 'o uo the outputa of ·Ca•l Pro¡ru OpLt•lutloa Probla. 
J • . 

Fi¡:urc: 4--Rc~lkln~ohip hctwcca ¡oal rqr.am~~ wwllnr\)nnalion ays.tcms ch:anlc'IC!izatioll 

thc cv;.alualion o( thc systCm's allainmcnt o( lhe uscr gm1ls 
is accomplishcd. 

Expcrimcnts with formulation [Bf pmduccd valid; bul 
impr;oclical scl> ,,r {J's, Thc M.GP prublcm as slalcd allowcd 
for lhc possillility of sulutiuns whcre u p, could ·cqual O, 
cleoarl)' an unou:ccpltthiC !<ailualiun. In onfcr to inhihit this 
typc O( !iOiulion. Jimils WCIC pJaccd OR lhC rtlnl!C of possihle 
/3, V;,tlucs. This WóiS OICCumplish..:d with thl! following set or . 
;.¡Jditiunal conslwints: . 

whcrc 

{1¡+ jJ.¡ --p.¡ • al¡ 

fJJ + .,~- -.,, • t:.HJ 

14) 

IS) 

l., is uscd lo rcstrkt lhc ahcrnativc pllssihililic!rl f,,, the Cli::.C: 

that tJ1< 1 whilc lf, is u:-.cd for lhusc l·ascs that ¡J1> l. In 
¡;cncr.al. lh\! :-.el uf ••11 pl•:-.ilivc di:-.crc-p;mcics for L1's, (}.& .... 

p. 1', •••• ,._, •)""' M • ,;¡ni.J likc-wise for 11 ~ "• •, "• • •••• , 
••1')o:::N'. (M- o1nJ N- havc similard.:llnilinns). 

.. • 

Thcsc conslrninl• are rcnccled in lhe ohjcclive runclion 
in a ffiólOOCf diffcrent tht~R prcvioÜs COOSir.tints. lnst~ad Of 
minimizins both discrep:mcics, only onc is minimized. In 
lhe case of L1 only ,.,- is includcd. since. ir,.,- is ~riven lo 
zcm. then R1Ci){J1-p.,•=L1• implying lhal R~i)fJ1>L1 , thc 
<lcsircd con<lition. Simil:u"ly. for 1!1 only •1• is in lhc 
llhjCCIÍYC (ur\ciÍon ~CóiUSC minimizing V¡.. Tt'SU~lS in 
R1Ci){J1<H1• 

Th\!se m.lc.lcd cunstmint~ also havc il phys¡c¡1l intcrprcta-­
lion rclacivc hnhc ev:iluulion uf lhé !i)'SI~nl. No :ICiivily 
c;m he climinat~d frum a systcm (i.e •• JJ,:r;;:Q) since L1 musl 
be [!h!ilt~r th;•n O. In ~cncr.1l. howcVcr. L1 rcprcscnts thc 
hnvcr_ houmJ on thc dc~r\!c or rcducthln fc_asihlc for thc 
currcnt.mh: of us;~¡:c f,,, ;m ucli\'ily. For cxamplc. L1o,25 
imrlics lhat thc usttl!C mh: fur u..:livity j ~¡'n he malle, al 
must. ruur limes rash:r. hcint: rct.!uccd to 2~':í- of its "urtenl 

note. ··Simil:uily;··H, rcpt"scnl• lh". Upp<t '"'""<! un. lhe 
dq:rcei tu \\hich •an uctivily",. ralc com he: incr\!asc\1 (:-lowc.J 
Um•,.n). 1t must he cmpha~ill.'d th;11 thc:..c limih •are unly 
ruul!h cstim;llC!'r.. not c~acl values. 

In Mdcr tn re-duce 1hc numh~.:r uf ••hcmaliY&:!Io une !!ohuuld 
minimizc tht! numbcr of mnJiric;JiiLms indkah:od rcr e\:alua~ 
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1¡.,'" itcmtion. Since modificalk.ns are chamclcrizc:d hy the 
rn.Kiuction of {J, ·-s not cqu:.1l ll)-:-1. a ~cconO¡•ry uhjcctivc uf 
Sw~c 2 is tu pn>duec '" fcw f.l,+ 1 sulutillns as pussihle. 
This is :.ecumplishc.J h)' indudin~ thc cllnstmint cquatiun 

p,+t¡""-t,·~· 

. •·JhÜc minimizing huth f 1 • nnd t:1-

(6) 

(\mstmlnts ur lhis l)'p<! provic.Jc a dcfault v;tluc or 1 for thc: 
mu,llipJ~ (:0011 rhl¿.:ramminl,! pru:I!JUn:s in the C:ISC whcre iiR 

;u:tivily is nl!itht:r clilicall}' indlkient ur cxccssivl!. (Note: 
u,·. t,• ..... ,,·J=E•.) 

As a n:sull uf th!.!:-.c ;¡Jdcd conslr:aints. thc :actu;•l furmu· 
liltion ·or thc MGP pruhlcm use.! in Stagc 2 is givcn in 
r .. mnul .. tiun (CJ bdow: 

[C] Minimizo Po'.·D' +Po -.o-+ P,.-·M-+ P,' · · 
N'+P,'·E'+P,-·E~ 

s.t. R·Jl+D--D• gG 
Jl+M--M•gL 
JI+N--N'mH 
Jl+E--E•c] 

whcre 
R is thc matrix of scrvicerutcs 

. Jl is the array.of sé:.ling f:.ctors 
G, L, H. ""d 1 are thc nrmys of ~o:.ls for thc 

u•cr critcri:. and lhc respective Jl 
constraints 

o•, M•, N• :.nd E• '"e the nrmys of positivo nnd 
nc~:.tivc discrcpancies from thc 
respective so•.1ls 

Po=\ pNac• Pxa. ond pt::c nre th.: urr.1ys of pc:l'mltics for 
the associatcd discrcpancics. 

Tbe solution v;~rinblcs for thc MGP. prllblem urc thc Jl's. 
Thcy idcntify thosc :.ctivitics that must be :.llercd in or:dcr 
to improvc uscr based or systcm b:.sod pcñllrmancc. lf thc 

. value for a Jl,c 1 thcn thc servicc ch:.nrctcristics of!..ctivity j 
wcrc udcquatc to satisfy nll the uscr's criterio. lf.n Jl1<1. 
this implics that the currcnt r;crvice ralo or :.ctivity j is 
insufficic:nt h> mcet lhc systcm"s needs. The ncw scrvitc 
ratc for thc uctivity should be R~·)=(fl,l"(Rk)). lf n Jlr>l 
th~n thc curn:nt scrvicc: ratc or uctivity j iS rmaér than 
nc.;:c~s..1ry und thcr<= cxists th<= possihility or cxccss cnpac·· 
iiy: Tbc new unit mtc shuuld be Rk}=(JJ1)"(RJ-)) . 

. Assumin!! that un activity follows thl!: ch;m,ctcriz¡¡lion in 
Figure ), thcn the analyst has lhr<e :.vcnucs or :.el ion when 
a 'p,,.l. First. he can ;~nalyzc the qucue dispatehiric disci­
pl\n~ in ordcr lo incr«rsc qucuc thmuchput (or pos.ibly 
re place it with " slmplcr one if ¡¡,> ll. Sccund. he can. alter 
th~ scrvicc n1te chart&C'Icristics o( 1hc serve~. e.g., slower 

• hahJwnrc dcviccs. AmJ thirU. he can incn.::1sc (lh:crcasc) Lhc 
, dC~fCC O( p;¡raflt:Jism OlffiOII!; !<o.~fVCfS, for CXólnlplc, hy udd .. 
ln&i,(rcmuvi~t:) n sccond ch;annl.!l, cuntrollcr, cte. ·· 

'' LIAISON WITH STAGE 1 

' Thc critica! factors in thc Sta~e 2 cvalu;llilln nre the 
valucs for thc R,ti)'s nccdcd by the MGP fllrmulation. 

Tht.·~e valucs ure calcuhltct.l in St:1¡=.c 1 .and ¡JfC' tht.~ swtisticnl 
mci~ur'c: pnx.luccd vis·OI·Vi' thc !1-inml;ttiun. Thc spcciiic 
modd tu hc cv:.luatcd is thc rcsuh uf thc hcuristic pmc(­
durcs cunstitutin~ Sta~c 3. Thc liai!oOn is hase.! upon thc 
i\SsUm(\tiun that un informati''" sy .. a..:m c:m he v~l!wcd us a 
COIICCIÍlln U( fCMmfC~ illku::IIÍUO ;¡n¡j l:tsk maOH}!CmCOI 

uc·tivilh:s ;mLI us..:r oricnh:U !<o.CI'\'h:C!<o.. Thi~ \'ÍCW is suppuncd 
t'~flthc litc-nltun:. c.¡! .. M;u.lnk~-'" anU 7..un:hl!r ¡¡nd lbn~ 
daii.:J IPSS o1IMl vh:ws thc mn~ktin~ of :1n inrolln;.,ti,m. 
sysh:m in .a similar nwnncr. amJ thu~. fadlitah:s thc Ocvd­
opmcnlllf th<= r,,rm:.tlliai!'l,m \\ ith 1lu: MG? U!-~Cf c:valuatiun. 
~jifh~ vic"'· ,,r thc s)'Sh:m 1:1kl·n in Sl••l!c ~ to1s illustratct.l in 

1-í!!t.irc ·2) has un :malo!! in IPSS. Jt, Nt\;k moJcling concc:p1 
is th;~t u( ;1 !r'Cf\'k'C as l'l.htl\\'0 in f'it:ur~ ~. lltc scrvicc is 
cl.as)iCictl in 1 PSS hs a pt'llCC:durul (;~~o:ility <~nd is Ctlptthl..: of 
reprcscnlinl! any infurmatiun s)'slcm 011-!~ivily in1.:luding ·re· 
qU.csl (joh) schcduling. task nlanag.~m¡;nt. rcsourcc nlloca .. 
tiP.n. scco·ncJ¡¡ry ~lOr.ll!t: 110 proccssin¡: oand i1pplic;llion 
s~rtwotrc. Sinc.:c scrviccs un: ~~llol'illilllh: fou:ilitics in IPSS 
they ho1vc uss~iah:d with lhcm t.._Jth qul.!udn~ und utiliz.;~. 
tion si;Histics. Fu11hcrrnore. !<o.Crvkc ~ha\'iur c;.m he pretJi .. 
cutcd on thc quantity and éhamctcristics of other IPSS 
hardwurc and St'trtwure facilities. Thcn:rorc. thc slillÍstics 
ns.soci<~led with scrvice fa~ililit.!s hav~ thc ;•ppruprio1te !ilruc .. 
turt to service as lhe R/s ~&:cdcLI in SIH!!C :!. 

To complctc the furm¡¡J liai>on hctwccn thc twll stages n 
sccond fea\ure is cmpluycd. This is thc Task facility. 
Through iJs u~e. thc s~rvicc r:~cility ~···ti .. ti.·s ..:an he mno­
matic.llly ~cgrc~.,rcd into servke s'atistic"' .,~ U!!.Cr. In this 
m:.nncr. the statistic R,!i), réquircd hy St.,~c ::. is collected. 
Tbus, thc Stage 2 users findc•cd hy i) and thc uctivitirs 
(indexcd hy j) are, rcspcctivcly, "" IPSS mudcl's Task und. 
Service f:.cililics. An R,(i) is the sum of qucucing und:·~.' 
utiliz.-ltion statistics l!'•thcrcd for Scrvice i whcn execuling . 
Task j. · · < 

Stage 1 must also be ad:.ptivc tu mo.Jcl changes dictated 
via. St•rge 3. Again, thc IPSS modd synthcsis philllsophy 
und 'rancuage constructs perrnit thc dcsircd adaptivencss. · 
Tbis is possiblc fllr reasons tilo dctailcd to discu.- in this 
papcr .. A cumpl(lc dc:ICriptiun of IPSS is uvailable in thc 
documcnt tillcd "Thc lnfurrnatilln l'roccssing Systcm Sim­
ul:.tor (IPSS): Uin~uage S¡·nw• :.n.J Scmanlic,,""' Bricfly, 
howcver. possihlc mOOific:.1tions to an cxi!\tinc ¡1nd cxecut· 
ing modcl without requirin¡; complctc rcfurmuh11ion include 

....... a._ .. 

~ .... ,_ ..... _________ ~ 
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l. timinp. und ~puce char:u;tcristics ussoch,ted with sec· 
ondary stural!.: han.h-.·arL~ ami stor;IL~I! media. 

l. thc sccundary lriiOml!c 110 tnnfit!uralion, 
.\, uscr u"":,t:c ¡mltcrnl'i o10LI s~rvicc rl!quircmcnll, 
1. file Uf!!anizutiun mclhl)ds und sp:u:c mt~nng.t.:mcnt poli­

de:;, 
'í, thc qucucing dbciplincs as:.nd:.111.:J wilh juh 5Chcdul­

in1!· rc:-;ourcc allucation anJ to1:-k mamlt:l!ment, nnd 
m-.:nwry man;~¡:~.:mcnt pulidc~. 

l;·:iS >Upplie' the Sta~e 1 prOC<,~ing with" c;~pahility or 
ki:.~ ><l[·mlaptive with '"'P«I to Slage 3 oulpub. Cur· 
te:.!ly, th..: mclhodology .:mPiuys muddcr assistou\ce in 
S~::t:¡,: ). Fulurc rcsc;¡rch \\'ill tlc dircc1c:d at provillinp. more 
~.o,Jhisticatcd hcurislics for Sl:lf!t: J in un.kr to provide u 
u.JÍ¡' sclr-cuntaincd itcrativc nlclhlJdolut:Y fur the muhiple 
t:;itcri;a cvo•lualion of infurmtl1Íon ~y~lemJi. 

STAGE 3 ANALYSIS 

fhe fun<tiuns ur Sl"~e. 3 or the mcthudology are lO 
tklcntíin..: \\ h .. :th~..·r lhc curre lit cuntigu~<•liun is ~ttisf:1clory 
unc.i lu furmul;_~h: a ncw modcl in lighl uf thl!' ditla providcd 
fru111 Sl;l~C 1 omJ Slal!e ::!. Figutc 6 ~hows th..: informouion 
tlow tu Slat:c 3. Ncw mudcb rcOccl lh< pcrrorm:once ¡¡oals 

(d) ..... , .... 

'• 

D.lu­
'' .,., l01tt 
ltnUif' .. 

,., ,, ... 
hh.lvior 
lullnac• 

1110)\UCI 

k&hltt 
11 .. ,..,rll 

c .. u••t llood1l 

Sp•clf1uato•• 

Fi¡:urc- ~ln(•••m.•liun Ouw to .,La¡;t J 

or holh the user und thc sy•tcm. Heuristics using Suthcr.· 
land's• defonilion ora hcuristic are employed in Sta~e ). 

The pro~lcms cnc<>untcred are complcx und un,truc. 
tu red. Octcrmining ir the current desi~n is :aeccpt.~l( 
rcquin:" 01 mi~lurc of o~jcctivc und suhjcctivc rca\onin.:. h . 
woult.J ~..: "' mrc siluution if oalt thc u~er gools and ~Y't~m 
con~traints wcre satisficd ~imutlomcou,ly. GcneraUy. ~n 
C).ln:m~l)' wide ~pectrum of acc.:pl••bk rcrformance lc\'cl,. 
;md ~1lh:rm11ivc desi(lnS are pos~iblc, l.ll each itcr.ation. to 
:-.ati=-fy h~llh uscr .and sy:nem critcria. Ttotdc-offs wi!l (htmi. 
nall: tlu: th:¡:b.ion pi'occJi~cs. t.bny factors crfccting suit:.t~k 
llc~il!llS may not he: includcd in thc furmuhnions amJ procc- . 
""'"' or thc first IWO 51i1J;e5. For cxample, lherc may toe. 
c:xtcrn;.ll polhical, orcanizn1ion:1l or cconomic con~iJ.:r...­
tions that are not directly r<hllcd lo the perrarm:mce ur thc 
syslem. ~ul m¡oy he i1 m:\ior [:~ctor in thc fin:~l dcci5iun. Thc 
mcthodology docs as sume. howcvcr. that thc hc:uri:r-.ti, 
pruccúurc~ have ilccess to this cxtern;.al criteña. 

When it Jms heen det.::rmintd that another iler:.ation ¡, 
desimhlc, it is ns:mmc:d lhat the heuristics will examine 
cuucnl 01nd pasr dcsisns. Whiltcver the hcuri,tic employcd, 
iuc:~ll¡• il> uhjcclive is lO produce a 5Cquencc or m~el, 
who,c p, charo\Cicri>li"' ([or ull P"s) hch:IVC iiS rollows •. 

The emphasis or lhe curren! rese:uch i' to pruvidc insisht 
into thc dc:cision process for improving thc pcrfomuancc Uf 
informatiun systcms. St:a¡:e l is lhis decision process. 1t is 
ilidcd hy input rrom rour sources wilhin the melhodolo¡¡y. 
Thcse sourccs nre: (n) the Slage 2 ourpub, spccificnlly the· · 
fJJ's idcntifi~d to improve uscr tmd ~)'~lcm goal pcñorm-. 
:mee, (h) 'YSicm hchavior ""'i'tic' rrom Swge 1, (e) the 

. currcnt modcl. and (d) hiStorical dnl•l from prior ilerations.· 
11 should he cmphasizcd lhat atlhi• juncluro in thc dcvclop­
mcnt or thc mclhl>dolo~y no rormal houriSiic procedurcs 
ha ve hcen implcmcnted. lt is one or thc purpo,;cs or this 
rescarch. huwcvú, to invcslil!ate thc- •tpprupriatcncs.s und 
~uccess uf variou~ h\!'uristic dt:ch .. iLlO rul..:.'i. Rule.'i of thumb 
~u¡:h as thos~ proposcU by Buzcnu are pos)iblc avcnucs to 
he invcsli&alc-d. 

AN EXAMPLE 

In arder to valida!~ lhe proccduro• dcvch1p.:d ·in this · 
mcothoc.lolllJ:!Y oamJ lhc liaison Pclw.:~n Sto1{!C 1 und Sln&-e 2. a::~ 

· tesl Cit!rri-C w;1s di!Yclupcd. Thi~ C":\ampl.: WtlS mudctcd ·urid ·· 
C).ccutcd in 1 PSS to sati.,fy thc Stolt:e 1 n:quircmcnts. 

• A hcuri .. tic i~ "o~ \.li"iplin~d IÓ;II·;IOJ-crrut (l(th:M:l. ••• , 0111 U&'fci)IC ~ 
'uc~·c.,..;\c iru¡-....,v.-u.~.·ul. ""h\.·rc ..,.e m.•)' lc-;un fn>m ~~lb •u-:~:-~' O&nJ (;,iJure 
OU\tJ "~Ahcrc lhC' \"flh:r'Í.¡ fur ,.UCCC'\ :.anJ. (,¡jJuu· m;l)" vary "'-ilh v.h.;d "C" h;aYc 

prc'Vi•JU)Iy kOUbe\l'' tp. 1Hl: Rdcrcnc~ '"). 
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llool 

USt.:R1 
USt.:K1 
USER, 

· . TAPl.E 1-U...- o...J Evalualion 

Ovtr·.Vhlcwcmcaa 

26.6 
o. o 
0.0 

o.o 
51..1 

lla.5 

f.cvcrnl ilcrnlions were urrlicd, dcmonslralin~ lhc evalua­
.;,.~ capahililies or thc mclhndoh>8Y· Thc rullowin~ is a 
.!c>cription or lhe prohl.im, lhe correspondin¡: mude! and 
1k rc,uhs or lhe lirsl 1wu hcnÜiuns. 

The ex:omplc is u model ur un on-linc ducum~nl rotricval 
systcrn. Thcre ure lhrc:c files nssociated with lhc sy~tcm: nn 
author/litlc ·indcx (Am. n systcm tluc~mcrll idcntific¡¡tion 
lile 001. und lhc documcnl lile ilsclr tDOC). Thcy are 
slructumlly reluted such thul un enlry in lhe AIT lile puinls 
lo one or more enlrics in lhe ID lile and eacli ID lile cnrry 
.in lum is o•socinlcd wilh only' one OOC cnlry. . . 

Tloe model is designed so lhnl o uni4uc. oclivily is 
nssocialcd wilh lhc accessing or cnch lile: Aclivily 1 wilh 
lhe Afr lile, Aclivily 2 wilh lhc ID lile und Aclivily 3 wilh 
lhc DOC lile. Ench oclivily peñorms similar runclions: 
ohtaining nnd rclcasing dcvices, rending rcconls, pen'orm-­
in~ 110 techniqucs. but lo differenllilcs. 

ll is assumed lh;>l lhe system suppons lhree user classcs, 
tach wilh a dif'fcrcnl dcmand on lhe rclricval syslcm and 
cuch chamclcrized by • diffcrcnl combinmion ur nclivitics. 
Thc purpose or lhe lir.;t user class, U5ER,. is lo relricve a 
doc¡;mcnl ror O pa,Micular aulhor, lhus Ulilizing all thrce 
nctivilies. Thosc in lhe sccond user cluss, USER,, wanllo 
determine lhe exislcncclnon-cxislence ur on enlry in lhc 
syslcm ror n glven author, nnd lhcrerore. necd lo use only 
Activily l. The final uscr class, U5ER1, already hns lhe 
aililress or lhe ID enlry nnd wanls lo relricvc lhe ;>Ssocialed 
DOC enlry rcquiring only Aclivhy 2 ond Aclivity 3'. 

In ordci' lo complete thc rormuhllion or lhc p<ñormance 
ev:tluntion problem ror this mclhodol¡>gy, assumplions con­
ce> oing the peñorm;>nce or lhe syslem werc m a de. A 
•urnmary of these assumplions ror the user gonl_s and p 
conslrainls nnd the pcnallies associatcd wilh · the corrc-
5Jh.mdini:.discrcpnncies in uccord:mce lo the rl!quircments 
or rormulalion (CJ is sho••n bclow. 

Oc:( 150.0, 100.0. 400.0) 

La( .2, .2. .2) 

Jf=< 5.0, 5.0, 5.0) 

· lm( 1.0, 1.0, . 1.0) 

Po•=(IOOO.O, 10.0, 1000.0) 

Po-=( 1.0, 0.0, 0.0) 

P,.•DP,-· P,· .. pE -IQc 1.0, 1.0, 1.0) 

Thc modcl conslructcd in 1 PS5 assumcd u simple conlig­
uralion or Oh~ proccuor and onc h;>nk or IUM ~31~ lype 
rfi.-t.-1 access dcviccs. Undcr a givcn loading (which is nal a 
, .mlrollahlc . variable In this melhodolo~¡·) the rcsuhing 
rc•fonnancc sialistics, lhc valucs of matrix R, are shown 
below. 

. , ... 

Q1(1)m 0.0 Q.lll- 0.0 Q.,tl)a 11.4 
-S1(1)=37.2 51(1)•37.1 5.111-~ 
. R

1
(1)•37.2' R.<II•J7.1 R.,tl)= 102.3 

Q,(2) .. 12.2. Q,()) .. 0.0 Q.,tl)• 8.9 
S1(2)mJ6.3 S,(3) .. 39.1 5,(3) .. 93;;! 
R1(2Í;.48.5 R,t3)=39.1 R,(J)= 102.4 

. This pcñorm;>nce inrurm<>tiun. couplcd whh lhc J,~oal. ·. · 
assumptilln:-;, was input to Stóll,!C :!. Th..: cvulut1tiun o( 1he · · 
curn.·ot configun1tiun"s pcñurmancc with rctip:Ct lo thc sct 
of u<cr's gua!. is shuwn in Ta~le l. h indic;>lc' lhnl lhc 
~v;IIS ur u ser classcs 2 and 3 wcre ,_.,¡isficd wilh H good : 
martín or slnck, twhich is nol pcnalizcd in lhi~ cxnmple) 
while lhc goal or the lirsl u ser dass w;>s nol snlislicd (ovcr­
ó~Chicvemcnt implying non·satisfactionl. 

In lhc second phasc ur Sln!,lc 2. thc P'• are allowcd lo· be 
manipulatcil unlillhcy snlisry lhc user J,lOal consln>inls and 
bcst 'ullicc lhc sys1e111, cuiueline conslrainls. The resuh is 
thc idt:ntific~tion of lhcse uctivitic:s whusc pcrformnnce can · 
be, nnd nc:cd lo'be, improvcd with rcspccl lo une or bolh or 
thc c>ilcriH. Thc_values rur lhe P:• liS cnkulalcd wcrc 

Thc.sc urc lnl~rprelcd us indic;lling lhal h<>lh Aclivily 1 and 
Activily 2 l-'cre-udequnlc 10 mccl lhe u..:r demand, put lo 
1hem. Activhy 3. howevcr,' wns round to be insufficicnt to 
s:llisfy lhe rcquiremcnls or uscr claSSCli 1 and 3. The · 
mbdificaliun indicalcd is lo reduce lhc prcse~l rule or usngc 
ror Aclivily 3 by ul lc;>sl .,, in ordcr lO salisry lhc uscr 
goals, in panicular, lhe lirsl user class gu;d. ---:---

Thc dclcrminalion or whethcr lo ~case the desisn loop by '· .. 
acccpting this pc¡form;mce or 10 cuiuinue by modiryins lhe : :· 
cxisting modd is made in 5tnge J. Given lhc sl;>ted goaV '· · 
pcn:~lly slruciUre, lt wus nssumcd lhnt lhc ovcr-nchievc­
mcnl or U5ER1 goal was nl an u~acccplable leve! ond lhc 
dcsign proce .. musl conlinue if po.sible. By cxumining lhc · 
queueinc mid scrvicc lime stntislics ror thc Cint iteration. 
one can climinale sorne ur the modific;lliun possibililics. 
The resuh or Sta~c 3 analysis wa• a decisiun lo replucc lhe 1 • 

lOM 2314 lype devicc wilh a r;,stcr onc. i.e .• on lOM 3330 
lype dcvice. .. 

Thc· Origin;>l mudcl ur lhis CX:Imple S)'SlCm WUS dynami• 
cally ultcrcd lo rcnccl lhis modiliculiun. Undcr the same 
loading as hcforc, lhe rolluwin¡; pcñorm;on~c •lóllislics wcre 
accumulated. 

Q,(l)= 0.0 Q,( 1)• 0.4 Q.,tl)• 3.8 
S,(l)~ 11.9 5,(1)=11.3 5,(1)•27.6 
R,(ll=11.9 R,(l)•ll.7 R,(l)•31.4 

Q,(2)• 3.8 Q,.(3)a 0.0 Q,(3) .. 0.0 
5 1(2)•11.1 S,()) a 12.0 5,(3)•29. 1 
R,!2)= 14.9 R,(3) .. 12.0 R,(3)•29.1 

.. -
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Stagc 2 unaly~is showcd thal now 'nn thrcc U!ICr class 
~oob wcrc •ati,flcd (l.c., not ovcr·achicvc~). Thc c;olcula· 
tion of t~c {f>, howcvcr, indicatcd th"l while Activitics 1 
und 2 wcrc >lill ;odcquate (jl,ajl1•(,0), Aclivily 3 now had 
lhe pus.ibility of cxcc.s c"pacity (p.a4.0). Although a 
•lowcr and proh:ohly lcss expcnsive dcvicc for Activily J 
wuuld be mure :opproprintc, wc had found in lhc lirsl 
itcr.otiun lhal •uch :o devicc was not ahle lo s:1tisfy all the 
L::-o\!r 1;0ah. Th~rdure. in future itcmlions, Stii&C 'l procc. 
uurc• had to examine more subtlc mcthods of improving 
pcrformunc:c. 

CONCLUSION 

Modcm infonnation systems. do not cxi~l '" cnlitlcs unto 
lhcmsclvcs, but must intcrucl wilh thcir cnvironmcnt, i.c., 
thcir users. Thc lo:1ding nnd mix of thc u~crs dfccl thc 
pcñormancc of the system resourcc~ nnd likcwi~e. lhe 
scrvice chantclerislics of lhe ~yslcm re~ource~ dfecl lhc 
satisfaciion of, user ~oal~. In ordcr lo desi~n such syslems, 
one musl salisfy a lar~c scl of u ser. dcmunding o connicling 
sel of pcñormancc ~oals whilc opcr.tlinu within efficlency 
und minimum cust constraints. Thus, pcñorm:mee evnlua· 
tion of inform.,tion systems is 11 multiplc criterio problcm. 
Concurrcntly s;1tisfying both of thesc scts of criterio is lhe 
~oal of this mcthndnlogy. Curren! uv .. it .. hlc tcchniqucs, 
however, only uddrc." une sidc or the prot.lcm, either thc 
uscr or thc •ystcm. Thc methodology de .. ribed in this 
paper est .. hlhhcs" furm;ol liuhon hctwccn the evuluation or 
uscr ~o:1l!li uS: u function of !\ystcm hchuvior nnd thc unnlysis 
O( S)'Sicnl fCSOUf~C pclformuOCC U!C U function, O( U~Cf 
dcmand. lherchy, r .. cilit:lling multi·critcria cvuluution. 

Thc mcthndolugy is ilcnttivc, comprising thrcc scporate 
hut intc~mtcd sw~cs. Thc first stagc modcls nnd cvulualcs 
systcm hch .. vior. Thc purticul"r tcchniquc cmploycd in thc 
lirst sti\&c is 1 PSS :md it is nhlc to collccl thc ncccssary 
st.,tistic, RJi). T~c sccond. Sli\~c CViliUnles thc uscr boscd 
crilcriit iiOLI províücs cvalu;alivc insight into pc•formancc 
imprnvcmcnt. Solhtion uf the MGP furmut .. tion in [C] 
produces u sct u( Jl's, thc Vilriahlcs uf Slil&C 2 which 
indicalc indficicncic~· und/or cxccsscs in thc currcnl modcl. 
And r.n .. lly. thc third st"&c heuri•ticnlly dctorminc• thc 
currcn1 moc.h:l'" ¡¡cccptuhility und nccl.l for modilicutions. 

Thc cvóllu"tivc pruocdun:s dcvclupcd for this mothodol· 
lll,!Y h:aV\! hccn !-oht\WO lo he. Vóilid in rmcticc. Funhcrmorc. 
lhis mclhOOolugy providcs iiR cxccllcnl ha~is fur cuntinucd 

. r.:s~t~'r!.!h inlo ••rco1s. such ns: 

.a. invcstit:alinn inlo thc causal rclaliunships hctwccn 
u,...:r c.km;anLI tmd sysh:m ¡u:rivity, 

h. scnsili\'ily analysi!tri or lhcsc rd;~tinnship~. 
c. in\'csli[!alinn into suiwhlc hcuristics fur Slal!C J, cilhcr 

h:slin~; c\htint: h~!allislicl' nr dcvclc.,pmcnl uf :ncw 
unes, and 

d. llcvclopmcnl u( hcuiÍslic/nwJifkaliun n1lc:s lo closc 
lhc dc~it:n luup inl~l "" ;tutonmtic sclf-mnJifyins rroc· 
css. 
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Data architectur~ and · 
data modcl consi(lerations* 

1>.•· EDGAR H. SlllLEV nn.J LARRV KERSCHBERO 
(.,',U,.,.,.¡~ tt/ Alury·"md 
Cun-.·ce P..art, MOU')·bnd 

.~liSTRACT 

lhc Data Base Managcment System is now a "'·di estab­
Ja,h<d pan of infurmotion systems technolo¡¡y, but the 
many urchitecturc• and their plethora of data models are 
cnnfu>ing to both thc pr:octitiuncr and researchcr. In the 
~'"'· ath:mpts have b~en mndc to compare and contrast 
"'"'< of these •Y•Iems, but the grealest difficully arises in 
~,·Ling a c:ommon basis. This papcr allempts to show how 
a ~<nomlized data >Y-'<rn tGDS), reprcsented by two 
~iflor"n' models, could furm such a basis; it thon propases 
that daoa policy definitions can rcstrict the GDS to a 
'l"'d:olizcd model, such as a relational or DBTO-Iike 
mndcl. Finally, it propases that this concept forms a better 
lo..•i> for data structure design o( spccific system applica­
lion•. 

ISTRODUCTION 

"fhe seventies has •ecn the ~cceptance o( the dqtabuse 
m:ona~cmcnt system tDBMS) .. Commercinl systcms and 
rc-.carch e!Ton• have proliferated, and the suloject has 
loc_<omc a major confcrcncc topic. Howevcr, thc potential 
"'~' is still lefl with most of the questions that first 
•rr•carcd: Which is thc best system? A m 1, locking mysclf 
mt~ one techniquc or implcmenlatlon rilcthod? 
. Therc ha ve f?cen ancmpts at cxplaining similaritics and 

dollcrcnces in thc ba•ic classes of systems.'" dcba¡e on the 
<lk~tivrncss of di!Tcrcnt data modcls,• and dcscriptiun or 

, lht-· ielcction and acquisition process,4 but conrusion re· 
. rn.:Un,, 

Pu .. ibly thc reason for difficulty is:. 

l. Thc topic is complcx. DBMS exist, but thcy are so 
di!Tcrentthatthcy dcfy

1
simplc comparison. Thcy also 

run thc ~amut uf sizc and "'Phistication. 
2. Thcy di!Tcr in mcthudulogy of data modolling, rrtain­

ing, and qurrying, as W<ll as thcir internal sturnge. 

. • Tht •ulhur. •i~h to Upttu thcir Jr.tlilu~ lo lhc U.S. Ann) Compulcr 
, S)\tC'm\ Comm .. nd ":hu. lhrou,h ''""'' numhcr DAAGZ9-76-G-OJOO tlialt: 

· _th..,k"~~t\ in lhc- TrO&n\l,.t.liun .:u\4.1 SL1nd...rJi.w1k1n of Rd.tlkanc.land Nti-.ort 
1 li'C D•la B<üe), prt»'t'Mic:d f'o611&.d ~UP('IlW1 ~nd lc~;hnit.id ad'fi.;c. 

Testing is e,;pcnsivc: Sl)mt: rern:~nttltive S)'"tcm 
must be imp!omonlcd un .ovcr;ol DllMS fur cumpari­
son, or dirticult simul:llions' aro ncod<d. 

Funher problcms nrise In larg~ sc:o!c d;olioh:"e rcscarch :ond 
there is nccd for a common basis'. a• a formalism for 
describin~ such systems. Methud> uf dcfinin~ thc function­
ality or DllMS includc set throry and gmph thcory cun­
ilructs.' This p;opcr ullcmpts to .~<fine >U<h a cummon 
basis, and •how how it can be """d tu cump:uc mudcls. 

DEVELOPMENT OF A FRAMEWOKK 

Thcre are ·at leasl three distinct lc•·ds in an inforrnatiun 
/ systcm: thc informatiun and its mucturr. thc dat;o moo.Jcl, 

and thc stomgc slnocturing. Ob•·i,>usly. no shurt p:o!"'r can 
covcr allthrcc, and wc will conccntr.otc un thc data modcl. 
.Howcvcr, con,:.itlcr.uion must ~ ¡!ivcn lo the inf,,rmation 
systcm/data mod<l Íntcñacc lo •rl !he stape for Wl'¡YS IU 
define a good dula modcl with its ncod to rcO•ct thc way 
data are interrelulcd, manipu!atcd, and prntcctcd. 

A dt11o /fWdrl is a systcm in which a sch~ma muy be 
dcfined; thc DDLC's definitiun l:mguago' is prindpally a 
mrchanism for dcfining thc namos and allributcs uf data 
elcmenls, gmupings, and.rolatÍ•>nships. whilc th~ dcfinitiun 
of policy (intcgrity, socurity, cfficicncy, rte.) is almos! an 
anenhou~hl. 

17ot 111/urmu//un syslem-Dalo 111e1dd i•,llrr/ac·r 

Thcre is _an imponanl intcñac:c loc:twccn th. ur~aniz:otiun 
virw of infunnation und thc d:ota mo>llol ,.,,n,tructcd to 
rcpre•cnt il. This intcñ:tcc is lodn~ inv<slo~;otcd by re· 
scarchor> who IÍrt atlcmpting lO dofin~ a prOCC\5 for 
producing a good dat:t ba•c .Jc>i~n ~iv<n a '~t uf ""'r n<ed' 
or aSpíratiuns. Rd(rt:ncc CJ is a survCy ur ..:urn:nt tc~o:h· 
niqucs. 

Complete kn11wled~c o( thc infurm;otiun •y•t<m ;ond it> 
d:ota usase ch:.r:octcrizcs lhc cump;•ny. O(ll.·r:otinc pulicy, 
hoWtVtC. summmizcs thc Ính:maJ con,lminb or lh.: Oll_!;lr'!i· 
Zalion, ólOd thc way thatlhe (unctiu~l :\Uh\)',lcm~ in tea ;,tt,;l; 

one aulhorw. rercrs tu thesc a~ urc:f.ativc and dircctivc 
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lnformation structures. Severa! researchers"·" havc rc­
ccntly udvocated lhc C:oll~clion of transaclions u a basls 
for dcsi~nin~ lo¡:ical dala slructures. 

Our ¡;ual, huwever, is lo devclop a framework in whic:h 10 
"udy d;o la mudcls, and lo incorpomle imponant p.1ramclen 
uf thc intcñace inlo the data mude!: Dala Utilizalion and 
Opcratin¡; Pulicy. By incorpor.ting lhese paramelers inlo 
lhc data mude! fmmework we upccl lo examine sorne 
claucs and: 

• E•plain subtle differences, 
• E•plore declarativo versus procedural aspects, and 
• Char.u;tcrizc lhcir .. ~mantics." 

Dala arc/r/l<'clurr--.4 ltvd conctpl 

A reccnt paper" proposes thal lhcre are four obstraction 
leve!. for data machines and mudels. These, in increasing 
absaraction, a..C: · 

l. Tilt Dr]inrJ ttnd Populalrd Dmabau: a fully opera· 
li<>Oill data systcm, with database defined via sorne 
ddinition lansuage. 

~. Th•• Dultlhuu Sysum: it involves no dala, bul reprc­
<ents a spccific system, with its description. 

3. Tht Ch11a Mudrl: the data system prior lo its appliea· 
: tion. The class(es) of data structures that may be 
supponed by the systcm havc been fixcd, but not 
uscd. ' 

4. D•llu MoJd Th•ury: a conceptual or generalizcd data 
· tmsc mana~cmcnl systcm gcncrator, assumcd to be 

ahle '" suppon all classes or data modcls. 

Thcsc lcvcls form a progrcssion: From one to four ls 
abstbction-from fuur ·lo one is utilizaliori; cach leve! 
nalur.,lly subsume> or subsel< lhe prcvious onc. 

As:;'" exampl,e, Leve! 3 may be a Relational Model;" 
i.c .. :'it can suppon a rclational data systeni."but n11 other. 
Then Leve! ~ mi~hl be the i'mrlcmcntation of a payroll data 
dcfi~ition; i.e., a dcfinition of thosc items (ond thcir aitri· 
hules) with procedures making up a relational pnyroU 
sy<tcm. A't Level 1, we see seiS of payroll tuplcs; i.e., 
cnlrits fur ~pcciric pcopJe. 
~e shall u•c thi• concepl as a hasls for lhe papcr. 

Huwcv.:r .. th.:r.: urc l'lptcial upcmtions pcrfurmcd in goina 
fwm un~ lcvclto another, ddincd ·as follows; 

• Lcvcl 4 lo 3: Data Policy Dcfinition. 
In thi> slcp. thc man:t~cmcnt and information system 
• .. k~,¡~n.:r' 'lah: lhc m•tior cun!ootnlints on the opcmtional 
•yslcm. The rcsulling data mude! (or database ma· 
chinc) ut Leve! 3 is restrictcd: only sorne classe& of 
da~ la "tnu.:lurc~ are now ullowcd; snmc typ;5 of opera· 
tiun are. rcstrictcd, ulluwin~ privacy or sccurity !pulicy) 
Lh!d,ion,_ lO \l( statctJ; ~OffiC iiCtionS are ('lt:rformcd 
;mtumatically, alluwing valid:ttion und intcgrity (policy) 
lu be slaled. 

• Leve! ) lo 2; Data Opcration Dcfinilion. 

Here, thc administration is working with a re>trictcd 
5Y>Iem in which dala structure, soine emcicncy, and 
specific policy consider•tions may be staled: e ·8·, Dala 
Policy Dcfinition spccified a relational syslem with 
validation ot input, now D:tta Opcration Dcfinition , 
defines a dalabase of 2-tuples involvinc social sccurily 
number and name, whcre the formcr is a nine digit 
element; This also invulvcs dcfiftllion of thc proce· 
dures for building, maintaining, m.onipulatin¡ and n:· 
tricving data. 

• Leve! 2 lo 1; Data Populalion and Utilizalion; 
Finally the data must be loadcd and uscd. 

Tht dala modtl gtntralor-gtntrall:td dala sy•ltm 

Leve! 4 dala archheclure or syslcm can be viewed as 
either a lheory or a machine: i.e., u eilhcr an abstrae! 
description ora mcihod, oras a machine implemcnlalion ot 
lhat mcthod. lf the concepts or Leve! 4 can be exprcssed in 
M:l lheory, thcn the "machine" could be eithcr a lhcoretical 
or working set proccssor. In this papcr, wc discuss two 
candidatcs for. Leve! 4 machines, and then show how eacb 
may be restricted lo Leve! 3 machines. 11 is, however, u( 
tantamounl lmponance that thcsc machines bc truly gen· 
eral, and Ibis .-ercise is an allcmpl lo show the n.cd and 
generality, as well as lo illustrate the parl> and use of such 
machines. Obviously, if the Leve! 4 machinc is >umcienlly 
general, it will co••tr all possible data machines al Lcvel 3 
(al least relational, hierarchic, and network mudcls). lt may 

• be considcred a meta-data model or ¡:cncralized data sys· 
tcm IGDS). Funhermore. lhe use of such a system provides 
a frameworl¡ for data model comparison. 

The 1wo models discusscd here are; 

l. The Funclional Model' lUid 
ii. Thc Sel Theoretic and Extended Set Procpsor"-" · 
. modified lo allow data policy and data bpcration 

dcfinition. 

THE FUNCTIONAL MODEL OF DATA 

Here we consider ihe Functional Mude! of Data as a 
GDS. First, Leve! 4 11ruc1ure is pre•entcd, thcn data policy 
conSiro~ints. are •hown to add furm and structure lo the 
model. The constminls are semantk, and allow thc Func• 
tion;ll l\.lodel to be viewed in ro> u icted Ca>es as cither 
rclational or DBTG (nctwork) d>ta uooJels. 

Level 4 is a meta-dala lev~l whcrc tho Functiunal Mudo: 
or data is vic"cd as a directcd ~r;oph: Íl> .,,J •• represen! 
scts and ils ares rcprc~cnl lolal fun~tit'n~. NoJc~ are cithcr 
cntity ~cts or value ~cts. l::mity s,·t.'f m;1y h;wc :my num~r 
of incuming or llUIGilÍng are>; \',.tur S,·u may havc only 
incoming arc5. b.:cause .. values .. are thc ultim:ll( lo¡;i-:al 

• . . 

li 
i 
1' ;; 

1 
' 
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ttrrnentaliun of informatiun, so no ares lcave value sct 
n • ..J••· A l)'picul l.cvcl 4 Functi<>nnl Mood sn•rh is shnwn 

1n t'i~urc t. 
Thc dcfinilionnl facilities for thc Lcvcl 4 Funciionnl 

~t.ldcl consists uf thrcc crcnliun and naming 11pcrnti11ns for 
1 .1luc 'cls, cntity seis, and funcli<>n:ol •pccific:otion of nn 

. tnlily sct (i.c., srccificutiun uf functiuns whose domnin is 
th< cntity scl). 

Thcrc are also 11pcratiun~ for dclcting vnluc seis, cnlity 
'"''· and functiuns. Thc dclction urcmtiuns huvc thc fol· 
¡,m·ing sidc:-cff..:cls: 

. o Dclction of an cntily scl ubo implies dclctiun of lh<>s.e 
functi<>ns inciden! on it (hoth incomin~ and llUI~uin~); 

o Dclction uf a valuc oot olso implics dclction of 1 hose 
functions incidcnl on it: 

o Dclction of a function· do.:s nol alTee! ils domain and 
rangc seis, bul sorne may become isolated nodcs and 
may no longer be rclcvaíu. 

n~ua poli!')' dtjillilivn 

. Data policy decisioos are or l~e following lypcs; 

o The mcthodology lo be uscd to oblain the data struc· 
tu res. 

• 'Thc rcrrcscntalion of.elements in the nodes (i.c .. seis) ,.. 
of the Functional Mudel graph. 

o Thc logical access mcchanisms 10 be supponcd DI 
Lcvcl 3. 

Wtí~e both informalion and managcmenl policy ramifica· 
.tions may be statcd in a declarative fashion (CODASYL 

hU 11 S. ti o [ 

Ytlut Stt • f 

F'""" 1-Fun<liuoal IIIOdcl .,.,ti al levo! 4 
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001.,1), mana¡:cmcnt policics are oncn cnforetd by trans· 
:lClion-drivcn ••tri~.:rs. •·• 

To refine these idea.• we fir>t addrcss thc r;omiOco1tions or 
d;itu rolicy. Thc m••st im¡ionant d··ci>iun is lhc choice of 
data mooel melhooolo¡:y; this ... m determine lhe richncss 
und complcxity of thc ;tllowablc dat;1 stru<turcs. Thc mdh· 
O<.lolo~y ;1duplcd in thc Functional Mudo! is scmantic pre· 
dication ;malpis," a rroccss dcvdorcd to anulyzc the 
r.cm::.ntic !itrucrurc of 5Cn1cnccs. 

A prrdicati~ln rcpr.:~c:nls a "'hllle 1\t:nh.•n\·c: c.g., Mi 

asscnion. a commanJ, ora qucslilln: it may be \J..:com,xhed 
into zcro. on.:. ur two ;ar¡!um.:nts und a prcdic;•tc. Ar[!U· 
mcnts may thcm,dvesl>c pr<dicutiuns. "Oo11 ngradcd prcd· 
icatinns" may qualif¡• ar~umcnls (the scm;mtk cquil'alcnl 
of ••c.ljccth·oal claus.::.) tJr may modify rrcdil:ah:) (the sc:man­
lic cquiv;1i<n1 of ó1dvcrbial clauses). The Jow<SI scmanlic 
lcvd consists of "S.:mantic (caiUrcs which !.ervc as utomic 
scmantic dtscrirtilln units. Downgr•dcd prcdications play 
lhe role uf .. m,tntic feutures of thc arsuments or prtdicalts 
that thcy qualify ur modify. 

Herc wc assume thut a spccincalion or data intcrrclation· 
ships is availnblc. The 'information analysl's role is lo 
obtain the corresponding predication structures and. map 
lhese lo the Functional Model (an abstrJction procus). 
Considcr lhe statcnocnt: 

.; 
"Companics supply parts lo dcpanmcnls in sume volume" 

1 

The predication structurc is shown in Figure 2. whcre the 
main prcdication structure "companic, suppl)• pans" is 
representcd by thc rrcdicatiun PN 1 with argumcnts A, 
(COMPANIES). A, (PARTS) and predh:atc P1.(SUnPLY). 
The arrow under SUPPL Y denote• lhc directinn of the 
rclationship rcprcscntcd by PN 1; it corresponds lo lhe 
active voioc of P1• PN1 and PN, are downgraded modiryins 
prcdications rcprcsenting thc indirccl objecl and adverbial 
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' ••••• ~l 
A • lr~t S.t 
P • Prtdluttoa Se\ 

FiJUIC l-'lbc fuaclionoal modcl data 1tructure 

inrormation, respcctivcly. The X's rerer lo P,, which thcir 
corrcsponding predications modify. Scmnntic fc01turcs are 
not prescnl in this cxample. but corr .. pond to dcscriptions 
or thc argumcnts (COMPANIES. PARTS. DEPART· 
MENTS and VOLUMEI. For c•01mple. DEPARTMENTS 
might bo charac1<1ized by NAME, ADDRESS. and NUM· 
BER. 

The choice or the ólbstraction uscd lo map predication 
Sf11JCturcs to Functional, Modcl data structurcs is pan or 
data policy. Asan cumple, thc moocl might·bc rc>trictcd 
as follows: 

• S.: mantic rcaturcs map to runctions whosc rdngc seis 
are valuc scts. 

o Argumcnts currcsponding to ."rul-wor;ld" cntitics map 
to namcd argumcnl seis. 

o Prcdicarions map tu namcd prcdication seis, and the 
ares pointins lo orgumcnts bec:ome rwmed func:rions. 
Also thc predicare and its arrow are anachcd to the 
prcdicarion sct. 

o Downgr•dcd prcdications are reprcscntcd by functions 
whusc domain is lhc main pralication set and rangc ia 
cithcr an argumcnt ><1 ora valuc sel. 

Figure ~ dcpicts che Functionill Modcl d01ta otl1lcture bnscd 
un thc predicati1>n .C11JCtUrC of • figure 2 and thc above 
uh,lri.lto:lion rules. 

Thu> the Ch<IÍCC uf thc mcth,oJulugy Uscd lO modcl thc 
Ofl!anizati''" is onc a~pccl n( &.lotla pulicy which induces 
SI11JCiurc in pa<sin~ rrom Lcvd 4 lO l.cvd l. Al Lcvcl 3 thc 
Fun(liünOJI MmJd ·hou. cntil)' scl\ das,;ificd •1s cilhcr predica· 
linn !'r!Cl~ or ou~umcnt )!,.'ls (dcn\tlcd P und A. rcsrc..:tively) 
and \'aluc !i.C:b rcmain unchan¡:"•d. Funclions pcñurm lwo 
rults: a funclton m.ay providc inf,,rmalion allt.Jul a predica· 
lion slruclurt or il m;.,y rcprc,cnl il scmanlic fcalurc. The 
dotla \lrUt.:lurcs \Upp.•rh:d hy lh-: pr"•dic11iun an:'l)·~is and 
,llhlf.ldl•'" pron·" .IH' t.kpi,:t"·d in h!!urc 4. Alllh"·'~ Lloua 

'lllh"l,ill"' .lh" P''""''l'· r •.• ,,,, ''"'' lu•ual ~h~ld. bul IIIU~I 
·'l'¡'lo. ol "' ll'l.". • ., lo 1 ,,,.,J J 11 111;,: 1, llh 1 f¡,.l'-, f 

. ' IIIU ·, 
~·· 

o Funcrions emanating rrom a prcdlcation 
havo prcdication seis as rangcs, 

' sct can1101 

thcn only cases e: and d are admissihlc. This is prc:ciscly thc 
case in thc Enrity·Rclation•hip modcl." whcrc prcdicatio• 
and ar~umcnt octs are callcd rclation•hip !\Cts and cntity 
-.cs. rc,p<.cth·cly. In the Functional ~lo<lcl ares all rcprc- · 
•cnt total runctions. whcrcas in th•· Entity·RclationW.ip 
modcl ares are eithcr 1: N mappin~· (for cntity sets lo 
rclation•hip scbl or runctions lfor cntity seis lo valuc sctsl, 

So far. wc ha ve only e<m>i.Jcrcd thc m<thodology r.., 
ohtaining data structurcs. Althou~h thc ser typ.:s play an 
imponant role. thc runction lypcs are imponant in ••preh· 
in& logical ucccu mcchanisms. Conoidcr a binary rclation q 

rrom sct A ro sct 8, and illi rcprcscntation, R., as thc sct .,,. · 
ordcrcd pairs 

R.a{(a, b)luA &. b•B & aab} 

Obviously. thcrc exists an "inclusion" runction, i, whi.:h 
. assigns an ckmcnl (a. b) or R. ro its corrcsponding clcmcnt 

(a. bl of A•B. che Cancsian product or A and B. In 
addition, thcrc e•i•t function• r: R.-A and g; R.-B such 
thatthc diagram or Figure~ "commutcs.'·u In tcrms or thr 
Functional MoJel predicar ion 5111JCturcs, the bin;~ry rclation 
o curresponds to a predicatiun suuclure consi~ting or a 
prcdication nodc (labcllcd "a"l. argumcnl nodcs (A and 81 
and ares (f and gl (scc Figure ~l. Thc nclual rcprcscnlatiun 
of thc elcmcnls in thc prcdication SCI is by mean S of thc SCI 
R •• 

Thc functionality lypes or r and B are importan! in 
modclling thc scmantic• ora: i.c .• whcthcr Cl is a rclation. a 
panial function. or a total function. Therc are 5iltCCD 
po.-ibl~ configumrions ror the prcdication structurc, be· 
cause r and g may be onc·lo-onc. onto. both or thcse. 01 

nunc of thcsc. The most imponant conligurations are 

I•J .. , CcJ 



/f\ . .__ ... __..... 
f"lJUS'C s-Rcpre~C"RI:.Iina ola hinólf'J rcl:11kln and prcdic~ation lltUC'tUJC 

•ummarized in thc foll<>wing: ,.,., .. ' 
l.ct a be a binary relation 
;¡..,cilicatibn f and B· 
Thc:n: 1. 

from A lo B with functional 

1. lf neilhcr r nor g are one-to-one (1: 1), then a is a 
relation; . 

2. trr is 1: 1, thcn a is a partial function: 
). lf r is 1 : 1 and onto, thcn a is a total function: 
4. tr r ls 1: 1 and onto, whilc g i• 1: 1, then a is a 1: 1 

function; · 
$. 'tr f is 1 : 1 and onto, whilc g is onlo, lhcn a is an onlo 

function: 
6. lf r and e are both 1: 1 and onto, then a is nlso 1: 1 and 

onto. 

The functionality lype of r dctcnnines whcther a ls a 
rclation, a partial function, or a total function. Ir a is a 
lunction, thcn the functionality of e determines whcther a is 
onc-to-onc, onto, a onc·to·onc correspondence, or none or 
thc•e. 

In lcnns of predication slructures, a predication scl may 
thus represen! 8 relation or a function. which implies that, 
in the laner case, a may be representcd by an are. This is 
indccd 'true, bul it musl be considered a Data Policy 
d.:cisiOO. . 

Onc-lo-one functions play an imponant role In aecessing 
a pan.ic~lar elemenl ora se l. lf the function r in Figure 5 is • 
oneito-Óne, a particul:lr a< A will panicipate in (at most) onc 

1 . 
or~cr.cd pair (a.b)•R •. so that lhe second elcment of the 
~nlcred pair may be obtaincd by evaluating the function g. 
f\lu~. any one-to-onc function oulgoinc from a sct is 8 
candidate (ley) for accessing the clemcnts of the scl. 
:','The notion of logical acccss can be utendcd lo predica­

liini sets involving more than two argumcnl sets 8nd 
various valuc sets (as in Figures 3 and 4). In this case, the 
~·rtdication -node rCprcscnts an n·ary "r~lntionship, whcrc 
cacb elcmcnt may be vicwcd as an n·tuplc of cntities nnd 
va~ucs. For n·ary predication scu. a compositc kcy is 
rr~ciscly thc conccpt in Rcfcrcnce 22. 

Final!y we illu•trate a man;o~cment policy constminl 
-.·hh~ rrcdícation structun: has unolhcr predicalion nodc 
•• an ar,umcnt (e .g., Fi~ure 4!0). Thc opcrational con· 
•tr11int "A company must •upply at lc~st thrce r;orts lo 
'"'me ·depanment during a quartcr 10 rcmain a valid sup­
'rlier:" could be modclled by a predication structurc con· 
·,¡,li,ns of a ··muit•• prcllication sct with 3rgi.Jmcnt scts 
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COMPANY und SUPPLY Ca Fígun: l prcdkati••n scll. and 
semaritic rca1un:1 (function< 10 value •cb) TOTAL· P A RTS 
and QUARTER. Elcmcnt• or the "mu,t" scl mi~ht be 
updatcd by prugrnm on the occurrcncc of a S U PPL Y 
transaction, but the vulidation would pruh;ohly takc pl;oce al 
thc end of cach opcn".ing quartcr . 

The rclatlonal model of data 

The data policy conmaints on the Functiunal Modcl 
prcdicalion structures whkh lr•nsform it into the Rolatiunal 
Modcl are: 

• Valuc scts are dumains: 
o Argumcnl seis and prcdication SC'ts are r~l111iuns wholiC 

elemenls are represented by lupl~s of v:olues from 
domains: · 

o Functions whose range seis an: vnlue liCIS hccome the 
allr/buu nnmrs o( thcir respective relations; 

• Functions rrom predicalion seiS lO ar,umenl sets are ' 
replaced by thc nttribute name corrcsponding to the 
kcy (perhnps the compositc key) of the argument set. 

The con•equence or these rcstrictions is lo allow only 
nodcs which represen! Levcl 4 entity sets ao relations: 
representcd b~ tuples. The ares can now only point away 
from nodes, arid thcir functions are thc names uf the value 
seis of cach elemcnl or the luple: sce Figure 6. 

The DBTC data modcl 

Thc Functional Model can also be transformed into 
DBTG type Data Structurcs by data policy deliiiitions. 
First, lhe record wm be simplilied by ignoring repeating 
groupHn this case a reconl is a tuple, and may be 
represented in the samc way as the relational data struc· 
lure. The DBTG-set, in its simplcst form. is a repreoenta­
tion of a functional prediéation (i.c., 8 prcdication whkh is 
8 function). Thc arrow or thc function name is in the 
opposilc direction to the arrow in the equivalen! "Bach­
man" Diagr•m." For a more complicated DBTG·sct struc­
ture, thorc is a predication (a record) between two other 
relations (also rceords). This reprcsents an intermcdiate or 
link record between two others; thcse structure• have r:•n 
discus>ed as linking records between two relatÍI'"' in Rder­
ence 25 and termed "associations" in Referencc 26. 

Whcther the model lr•nsfonns a function ~.ome into D 

DBTG·set or ful!ows the Predication ( Recurdl n;ome modcl 
· • is a data policy decision: the s:ome resull• may he oh1aincd 

providcd that one record is functionally dependen! on the 
other-but not ir thc rclation is N to M. 

The inscrtion propcrty ora DBTG·sct is eithcr AUT(). 
MATIC or MANUAL. Whlch <el has which prupcrty is 
delined at Levcl 3. but thc ability to define the•c prupcrtics 
of a function is a I>Jta Poliéy dccision, which dclimits thc 
Level 4 lo 3· structure und dolines the DBTG MoJel. 
Similarly, the dcletion propcrtics (MANDATORY and 01'-
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Value Sets 

a) Relational Data Structures 

Record (Relation) Name 

Va 1 ue Sets of the items 
(e.g., PICTURE clause). 

b) DBTG~like Data Structures 

..Relation Name 

Function (Attribute) 
N ames 

(Domains of the relation) 

ltem Names 

Record Name 

Function 
(OBTG~SET) 
N ame 

RecordiName 

Item Names 

Comparlsc¡u 

Predfcatfon 
"""-. (Record) 

N ame 

TIONAI.I '"< l.o-cl 4 lo ~ dala policy decisiuns which 
define lhe llf'<nlli"n uf a DDTG modd. Thcse hm propcr· 
ti~s tlrl~ tht:rl.!forc J.•dtlfttti••c•s associatecJ with lhc ares. 
!\imilar IU thc functionttlit~· lypc::i in a functionul model, but 
oh\·iou:.ly ha\'in¡ slrungcr cfft!cl. Thc cnfurccmcnt of this 
P4Jii.cy Í5, u( ~oursc. prucctJural. · 

11 is U!iCfullo compare nnd CLlnlmsl rclali<'nal an.J OBTO 
t!at;a pJiicy upcraliun~. Kc:l~uiunal ~)'!i.h:m~ li~C' S) 'h:m R11 

nnd INGRES'" use 1he lhcury uf n<'rmal form• h> rruvidc 
good data structun.:s amlthcn utilizc tht:\C: ~implc :.lructurCI 



- tbroush data-namc linka~cs nnd data opcratiuns likc JOIN 
and PROJIK'T: thcy uprly uthcr data p<llicy such as 
cunsi•tcncy, (ntesrity, :on.J valid:otiun thr•>u~h aystem modi· 
(¡,·atiun of thc U>cr statcment (INGRESI, which is immedi· 
atdy inith•t•-d. or throush sy>tcm tri~scrs tSYSTEM Rl 
"hkh are tmnsaction driven. bu\ may be delnyc.J. Thcse 
two implemcnlations differ in lhc fncl thal INGRES spccl· 
(les p<lliCy in declaratives wilh procedural cnforccmcnl, 
,.hile !'YSTEM R is procc.Juml bulh in dcch.ration and' 
cnforccmcnt. 

The DllTG dllta policies are t>oth dechmuivc nnd proce· 
duml: sume. •uch as AUTOMATIC, are dcclannive and 
apply a rrimili•c fun.:tion on l>pcr.llion impl)'in~ a "scman· 
tic•" al stom~c of a record; others. thc Data Base Proce• 
dures. are proc"Liur.tl and ore invukl!'d by 'ome trigg.:r: e.g.·. 
on update (vnlidation), privacy nnd securily chcckin8. 

THE SET THEORETIC DATA MODEL 

The se\ thcoretic processor owes ils existence lo thc 
concepl of an extended set. The rxtr11d~d stl consists o( 
dcments which thcmsclves 'may be convcntional sets. se· 
qucncc•, ordcrcd scts, atoms. or even extended seis, but 
cach dcmenr is idcntificd by a posilion-idenlifier (numeric 
or mncmoriic). Thc extended act is encloscd in square 
hrackcts ( ] whilc lhc ordcn:d seiS or scquences are in 
angle brackets ( ). Thus if X is an extended set consisting · 
of clements Y and Z in posilions 1 and NEXT, we ha ve: 

X•[(I,Y), (NEXT,Z)] 

Ir we use brace, { } to enclosc seis, then ir Y ls the set of 
the lirst three inlegers and.Z ls the rour·tuple ~onslsllng of 
"0,1,0,2" (in order), then: · · 

Y•{l,2,3}a((#,J ),(# ,2),(!11,3)] . ~. 

and 

Za(O,I,O,l) •!O ,0),(2,1),(3.0M4.2)J~ . . 

Refcréncc 16 showa that lhc extended sct ls a normal 
cxtensloa or sel theory and'that predlcate calculus opcra­
lions ~nn be defined on the extended set. AR normal acl 
opcrations (unlon; interscction, 'diiTercncc, etc;) may also 
be defined, cxcept lhat operalions are posillon dependen!. 

Úv~/4 llfUCIUtr 

The model consists of tbe following objects or clements; 
Atoms, which represen! a .number or character string; Seis, 
C(lmposed of any object; Ordered setS or scquences, com· •• 
)lllsed or any objcct; Extended scts, composcd or any 
object. or course, no objecl may contaln itself. The other 
modcl objects may. all be rcprcsented as· extended Kls, 
position identilicrs (,.·hicb are atums), and aloms. Cnmmns 
are uscd lo dclimit objccts in n sequcnce or set. 

The basic lan~uage or the Leve( 4 data model eonsh ts of: · 
P.redicate calculu• exprcssions; alscbraic expressiot s: as­
signmenl !•ton•ge) st .. tements; retricval expmsions, with 
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predicates lo limit the re~ponsc; and macros which simplify 
opcration\ (e.g., Average, Sum). 

In ordcr lo illustrale lhe opcmtiuns of the e~ tended sea 
procc.sor IXSP) al Lcvel 4, a series (1( opcrJtions is givcn 
in Fi~ure 7. The fir~llcn opcr.tiuns are all uf the "slorase 
by assisnment" trre: ·1hcy 'lore len c>lcnded seis. with 
synonyms (name•l ME. YOU, cte. Thc VALUI: funclion 
invokes a "copy" opcration. ,.·hich ducs nut urccssarily 
duplicnte the strin~: thc rcsull moo)' loe rcprcsCIIICd inter• 
nally by poinlers. Thc set AUTilURS ¡, thcrcfur.· m;¡de up 
of thc twn extended 5elS ME nnd YOU. 

Thc a.-i~nmenl llpcration for X defines a new cxtcndc•l 
set: it is a simple sct containinf! thc namc-s of lhc 1wo 
;¡uthors of this parer. This panicul'" opcration cxtract5 
(from the sel AUTHORSl the values which have po>ition 
indicator NA~IE. Funhcrmurc. thc summation llpemtion 
(SUM) counts lhe clements ttwol uf this newly dcfincd sel 
X. The kcyword LIST in the find instruclion of Figure 7 is 
used lo denote a scl of O to "N" replications. The ""mes. 
and symbuls which hav~ not yel bcen dcscribcd. such as 
PHONE. NAME, AUTHOR·TYPE and PICTURE, havc 
no semantic mcaning al Level 4. La ter. sorne will ha ve 
semanlics in delining policy. but ""' tht,v n" m"tly 
S)'tnbols. At Levcl 4 the XSP is unrc,tri.:ted. ll will store. 
maintain, retrievc, or manipulate thc "~.•le or any pan o( 
any ex lende~ sct. However, the XSI' mu>l ha ve operations 
which can be triggered by events or. conditions; these 
opcrations~ applied in going from Lcvel 4 to Level 3, are 
the Data Policy 'dcfinitions. 

Dpta poliC)• dtjinltion . 
, 

Therc are two typcs of XSP system applled conslro~ints: 
1tatic and dynamic. Thc 11atl~ constra/111 is onc that must 
always be satisficd: e.g., the dala structure class must be 
hlem,n:hic,:or thc access.to sorne parts of the database are 
password protectcd. Such constraints imply a system action 
whcnevCJ: violation occurs, and thesc may be implementcd 
as· speclal systcm actions.("compilcd lnto the s)·stem") or 
as lnterprctcd . actlons.· .wilh well defined enor response. 
Most curren! systems "compile" theac constraints (i.c., 

. they "do notsuppon other models or data" or "allow lhc 
Collowing typcs or data proteclion ••• "). 
Th~ dynam/~ ~oluirirlnt is onc that is salislied at spCciC"IC. · 

limes or Cor spccial opcrations; c.g., thc vajidation of aa 
clcmeni'is'only to be pcrfonned at input. or security is to be 
che.cked asainst typc ciC uscr and typc of opct.tion ror 
ev.ery acccss;. These constraints are cssentially inl<rpreted. 

· Tbt rclallonal modcl of data 

. An examplé of lhe dcrmition of allowat>Ie data structure 
classe.s for a relational model is given in the restrictions Oc 
Figure .s; This definition states that all sets are made up el 
orderCd seis which i:ontniil "a!ln'bute·value" pain (e.g., 
the elcmcnts ME and YOU in Figure 7 are ordered seis ol' · 
three p:ú~). Moreover, the position identiliers shall be 

.\ 
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ME .. _[<NAME,SIBLEY>,<SSI,017l32,7992>,<PHONE,(301)262-7138>] 

YOU a [<PHONE,(301)937-7726>~<NAME,KERSCHBERG>,<SSI,294l36l4321>] 

IT = [<TITLE,DATA ARCHITECTURE ETC.>,<AUTHOR,{VALUE(ME),VALUE(YOU)l>) 

AUTHOR-TYPE a [<NAME,NAME-TYPE>,<PHONE,PHONE-TYPE>,<SS#,SS#-TYPE>] 

NAME-TYPE = {PICTURE X(25 MAX)J 

PHONE-TYPE a {PICTURE '('999')'999'-'9999} 

SS#-TYPE a {PICTURE 999'/'99'/'9999} 

ARTICLE-TYPE" [<l,TIT'.E-TYPE>l,. 

TITLE-TYPE = {PICTURE X (UNRESTRICTED)} 

AUTHORS ·= {VALUE(ME), VALUE(YOU)} 

.. 
PRINT .(NAME-TYPE) ·: ··· 

X a . {NAME 1 s'ET .. AUTHO.flS} 

Y " SUM(X) 
.. ·; 

·.·. ~-

z =:SUM ({AUTHOR!SET=IT}) 

Xl = {NAME \SET=AUTHORS ANO SSI NOTa'017132J7992 1
} 

AUTHORSHIP-TYPE = [ <AUTHOR,LIST (AUTHOR-:TYPE)>,<ARTICLE ,ARTICLE-TYPE>] 

AUTHORSHIP = {VALUE(IT)} 
Fi1on: 7-5oiiiC upmoioaa ol .. XSP a1 t...d 4 

' 



• 

Dala Archilcclure ond Dala Mlldcl Cun>idcr•liun• 9) 

POLICY RESTRICTIONS OF XSP. 

OBJECTS: ATOM, ORDERED-SET, SET. 

MEMBERSHIP: MEMBER (ORDERED-SET) lS <POSITlON-10, ATOM>, 

MEMBER (SET) IS <#, ORDERED-SET>, 

CONSTRAINT: ALL POSITION-10 (ORDERED-SET) IS MEMBER (POSITION-ID 

(ORDERED-SET-DEFINITION)). 

LEVEL 3: DEFINITION WITHIN RESTRICTION. 
' 

SET OBJECT. AUTHORS· •. 

ORDERED-SET OBJECT. AUTHOR-TYPE. 

ATOM OBJECT. NAME-TYPE, PHONE-TYPE, SS#-TYPE. 

TIMING. 

APPLY PHONE.,TYPE, SS#-TYPE ON INPUT. 

APPLY·NAME~lY.P~·ON OUTPUT,_ l~PUT. 
APPLY AUTHOR:-TYPE ALWAYS. ·. 

: ': 
· .. ·. 

·.·· .... 
·.·· ... •' 

. ·.' 

An Inva11d DEFINITION would be: 

SET OBJECT. AUTHORSHIP • 

ORDERED-SET OBJECT, AUTI!ORSHIP.:-TYPE •.. 

i 

•• • (See Figure 4.1: Íh1s fs not a first 
' Nc,rmal Form definition) 

fi&ut•l- Puli<y mt<O>Cota Mil )cvcll dcfinil;..o,., aa XSI': EA-'< 1: Rdoliocwl ...... 
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found wilhin a dcrinition. Thus, if wc considcr the Lcvel J 
dcrinitions of Fi¡:urc 8: AUTHOR·TYPF. defines the posi· 
tiun idcntiricrs (NAME, PHONE. SSIÍ. thcn ME und 
YOU conform io this IYJ>C of ordcrcd <el. Morcover, the sel 
AUTHORS in Fi~urc 7 now conforms lo the dcrinilion 
AUTHORS in Figure 8. 

11 is now obvious that Figure 7 contains dclinilions or 
extended sets which can upp/y (or be upplied) wilh scman­
tie< ul Leve! 3. We cJ¡¡ss thc ckmonts by statcments in 
Figure 8 v.hich slww the Jcrinition thal AUTHORS con· 
t:lins clcmcnts (luplcs) which comply "ith the (Figure 7) 
AUTHOR·TYPE delinition, while thc (valiJation) criterio 
of the atoms SS 1· TYPE. cte .. are applied on input, wilh 
NAME-TYPE chccl:in~ also on output. Moreover, bccausc 
sorne <xtendcd set opcmtions mighl allow tcnerution of 
invalid scu during valid opcrutions, lhe AUTHOR·TYPE 
critcrion is applicJ on all operutions (lhis may be a duplica· 
tivc slatemcnt, dcpcnding on thc ovcrall con· 
strainl ... ALL POSITION-10 ... ele .. being univcrsnlly 
appJied, or "compilcd inlo thc syslem•·). · 

lf wc ¡;;¡ve XSP, the definition for AUTHORSHIP· 
TYPE. an error musr occur. b.:causc thc dcrinition in 
Figure 7 allows non·alomic elemenls in the ordercd sel (duc 
to usn. 

Thr DIITG dula modcl ' 

In dealing with thc definition of a DBTG-Jike structure, 
one is faced with .ame prior dccisions. Using the delinilion · 

• .. l 

of Rcfercncc lS. a DBTG-set consi<ting of an owner record 
(A1) and thrce member. r~cords (Bu, Bu','.Bui. in .th

1
al 

ordcr, will be rcpresentcd as · 
. : : . 

(A ~o (Bu, Bü', Bu i) ' 

Thc rostrictions lmposcd In an eaÍii~r section ."ori QB'TO·y 
recon!s is applicd hcre also: no repcatlng group~ are 
allowed. Thus the definilion of a record in Figure 9 foUowa 
thal of an ordered set in Fi~ure B. Thc dcfinitions ther~forc 
are spec~1l only in their inclusion of mcmhctship in ·DB,TG· 
SC(S. · 

Data Policy is rcprcocntcd by the ability to have 'AUTO. 
lilA TIC opcmtiqn or DDTG-sct inclusion on: storins a 
prcdefincd record. · · · i. . : ~- . 

Comparlso~ ,j, .•. ,• _ .. · ' 
lt haS been. SUttCsled thal the implemenlatiJit Of 8 

rclational struct~rc in a DBTG sy5tcm is a mutter o.r:" ' 
1. Only :tllówlng systcm owncd seis CDBTG tc.111•"' this 

a "SINGULARSEr'); . . 1 
2. Rcmoving concep.ts of dutahose proccdurcs. inclu•lon 

and dclction própcnics (AUTOMATIC, \lANDA· 
TORY. etc); 

l. Mnl:ing kcys uniquc (using CALC with a DUPU· 
CAT~S NOT ALLOWED clausc); 

4. Alluwing now macros lil:c JOIN ond PROIECTION 
"" (mathcmatical) scts or rccords. 

lt will be scen ihat the definitions do not tnlly rcnecl tht¡ 
first rcquiremcnt, :md that thc ...:cond can be con,idcrcd D 

trig~ered or systcm applicd procedurc Uhe resull or ea 
CIJ>Cr:llÍOn depending OR thc functionaJ propcrlies Of tht¡ 
DOTG·•ct. etc.). Thu• the re>trictions are not corrcct. Dr 
funhcr rcfining the mo.Jcls, it shouhl be po"ible 1!> detcr• 
mine true similarities and dilfcrcncc•. Howe•er, il i• linc 
ncccssary to add thc opcmtions and tl .. ·ir morpings-a non­
trivial task. 

POLICY UUliCTIOICS 0F ISP. 

oamrs: 
tt:ltiEASitl~: 1€111[1 (IUOIII) IS <fOUil ... ID, AT~, 

l\tnl[l ICil'-SO) IS •l. llto"" .,. 

el, \.1ST 1 RICOQD)" , 

MUIILI (SYSTtto-SO) IS 1111'-SU, 

OOIIS11AIIIf: AU POSITIOI-10 (lttolll) IS MEIIlU 

(POSITIOII-10 tlttolli-OEfl•lliOII)), 

LIYQ. l: OEIIIITI.OII Wllllll IISTIICTIOI, 

SYSTEJ<.UT 118J[CT, AUTIC)ISHIP 

ll81'-SET 118JtCT, AIJIIIORSitiP·nPE. 

';,ltamtl 118J[CT, AAIICU:•tmo AlllltOI·nrl. 

· .':AlQft_ODJ[CT. tiTU:·~PC, UtC·nPI, PMOXI·nK, SSI·hK • 

. 'Tiftllll. 

.APII.f AIITDMm Tll AITICU:•tm 01 SlOit, 

FIJur• ,_Potley otatancnll 11114 Lnd 1 dcr.Urioo lor u XSP: Eumplc t 
. DOTO IIIOdcl 

• CONCLUSIONS ' 
'· 

., •.. · •. : •• -¡' ..• ;·:-•• ~-~:-•. ·-·····-·· 

Work with two Gt>S (Functional Dnd Extended Sct Mod.:lll 
, leads us.lo the following concluslons: · 

.... 
. l. 'Thc mo<lel or llft cillcrprisc infollnation structure m;l' 

be defincd indcpcndcnlly of the GDS uscd for il5 
. imrlcmcittotion •. · · 

· 2. lf the GDS is •·universal" il 111:1y •tore any informa­
lion 5lruclure · (hoth data syntax and !ll:rnantic•l in 
t~rms o( its prlmitives. 

3. The spccializ.ition uf the GDS lo D d:ita mlldcllikc that 
· suj.poncd by m\lst curren! r~~arch und c••n•m~rcilll 
· DBMS involvcs Datu Policy dcfinition. U•ing this, a 
. GDS. mny be rcstrictcd JO pcrform os o..! or n1urc 
specilic dato mo.Jcls, 

· 4. The pr"'css of m:~rrin¡; frum an inf\lrmution structurc 
within D GDS to D dala structurc within D traditiollid 
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DDMS follows thc rcstrictions of thc Data Julicy 
,Jdinition. Consequcntly thcrc must be li corrcs¡>>nd· 
cure bclwccn D;ota Policy rcslriction and dtlla mo1tl· 
/in¡: (i.c .• pa~~ing from information struclure lo "'ata 
uructurc). This process is diasrnmmcd in Figure ~~ •... 

Most.lnfonnation analysts already have a •r<·<i.,Jir<d d~ta 
modcl (c.g., DBTG systcmsl in mind "hcn ,.""''" ctinG 
lhcir information modcl. Thus, thcy t;ol< thc U.ota Mo•l•·l· 

linc routc in Fi~urc 10. We •u~scst thal thc ''""''' 
general) proccss is lo c~press conccpluoll inforn 
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;urcs. in thc GDS nnd to .. 1unc .. thc information structurca 
10 dala >IM:Iur<". by mean• of Dala Policy dccisions. In 
ulhc:r words. il ~~ uJv.mta(:éou~ lo rcprcscnt inft.lrmation al 
Lcvcl 4 10 lh;ot all scmanuc• uf thc infunnation are re• 
tatncd. 

Data l'olicy .tdir:ilions imposc added structurc (with 
fC)If•..:titth~} "'" .• ilvw.thlc d.;ta structurcs. Tradc:offs will 
th«::n m.,~c it Ca!I.Ícr tn cuM.idt"r thc 10\SCS in rcprcscntation 
uf informdtton ~lrucaurcs in the :supportcd data s.tructurcs. 
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ARSTRACT 

This papel' dese libes a mulll,lcvel prucedure ror desiQI or 
file orsnnizntion~ .. Neceuary descriptlon ur the npplic.tion 
systems is discussed ond o d~sign proccdurc outlined. The 
maín le veis or the design procedure ore: 

1 

• nonnalization or mcssnges, 
o synthcsis ora logicnl modcl or the lile urpanizntl .~, 
o making a "bcst possible'":physical renlization •r the 

logical model uslng u panicular DBMS. 

The final solution is evaluntcd through a peñohancc 
. ' 

annlysl&. 

INTRODUCTION 

Thc design. or lar¡;e dltta bases involves a wide .f.lB~ or 
problcms, rrom the npplication system spcclficntio la thc 
choice or hardware. The wurk reportcd he re is r; lricled 
primarily to thc problcm or designing a "best posa' e" me . 
orgnnlutlon glven thc nppllcation syslcms rt¡tricv¡l:qulrc­
ments, and glven o panlculnr dlitubnse munucem ,¡ systcm 
(DBMS) ror the implcmcnlution. A muhi·level appach lo 
the dcsicn or lile ursnnizlltions ls proposcd. · 

Using a muhHevel appruach tu the design or q organl· 
z.atlons the rollowlnc udvanlages can be achleved: 

• transparency or the deslgn procedurc, 
o eliminntion or non-errcctive solutions al an c1 y stngc, 
o hnrdwarclsoflwnrc sclcction cun he postponc.untilthe 
· appropriute dcsign lcvel is rcached. 

The mulli·lcvel dcsign prucedurc that is pro¡ ;cd he re 
~onslsts or 

• specificalion or !he inrormatiun proces•in¡: . hlem, 
• transform:ttion or thc spccificd inro.>rmatior.ructurcs 

lnto a lo~lcal modcl or thc file <>rgnnizutiun. 
o mcxJification o( !he losical modcl lO fit 1 artlcul11r 

DllMS, 

$09 

• physlenllmplcmcntutlon or the mcxlificd modcl uslna o· 
pnrtlcular DI! M S, · • 

·. • cvuluntlon or the fin ni aolutlun uslna a pcñormilnce 
· analysls. 

' . The varlous levcls or the deslsn procedurc are describcd 
wlth rcspect to the declsions which havc lo be mude on 
each lcvcl, the necessnry spccificutl<~n• or thc applicatlon 
problcm, and the DBMS spccifications. 

,.,.· 

THE INFORMATION SYSTEM SPECIFICATION~.· 
.. . . 

·, 

We shnll concentra te on t6nt pan or the tnronnatlon ·. 
system speclfications that nrc rcievontlo dato base dcslan; ·. 
Thc specificulions must mcxlcl that part of the real worid · ... · 
whlch wc nre intcrcstcd In, thc objcct systcm. Thc oi¡Ject ' '. 
systcm conslsts ora finltc number cir ohjccts. An ubj,cl ls·a · · 
uillqu6 pnrt or thc rcnl worid. 1t is somcthlns wé·-are .. 
intercslcd In, somcthlns wc wunl lnrurmutlon ubout. Ob.:; • · 
Jccts muy be concrete as wcll u ubstruct entltln, Jlko ',' • · 
persona, enterprises,' ordct'l etc, Two kinds oC fentura o!' 
an oi¡Ject nrc or lntcrcst: lhc propcnln or thc oi¡Jecll and 
thc rclallonshlps betwccn the olljccls. · · 

OI¡Jects or a systcm con bC · pár11tluñcd 'lnto objdt:t 
classcs. An object cluss defines a a.:t ur objects whlch, Cor 
our · purpoae, are auppuscd lo· have 10 many caminan 
propertics and relotlon•hlps thnl wc asslgn · une common • 
type or ldcntifier lo cuch uhjcct in thc sct. . . . 

Rclotlon•hlps bctwecn 11hjects can be deacribcd "r Cour): . 
dlrrerent typcs of blnury rclatiuns: · 

1: 1 Ollt•lu-unt rt/111/t>n de•cribcs a rclatlonahlp' betwccn 
an 11bjcct or one cluu und on uhjcct ur thc 111mc or a 
dirferentubjcct. clun. . 

1: n unt•I<NIIilll)' rt/111/un describe• u rclutlonshlp ~· :· 
twccn onc objcct or une ohj•"CC clnss und many.:· 
objcct1 or the so me or u dirfcn:nt uhjcct clan. · · . 

n: 1 mtlll)'•lu-cJM ro•/111/t>n lsth.elnvcrsc ofthc 1 :n rclntlon 
describcd ahuve. 

n :.n mnny·l<~.·mtiny rtl111111n exista Ir both the rclatlon and 
lts In verse are 1 : n rclntcd. 

1 
1 

1 
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Thc dltrcrcnt fcntÚrcA of nn objccl are lllustmtcd In Figure 
l. The fi~urc •hnwa how ohjecls are relate~ lO Olhcr 
ohject•. nnd huw ldcntificr-ltcms nnd property-ltcms are 
aunchcd tu ubjoct•. Tho uhjcct dcscription ls lllustrutcd 
with an cxnmplo in Fl~ure 2. The exnmple shows thnl a 
cu•tomcr mny h11~e 11 numb"r of ordcrs. The customer.ls 
idcntificd by "cuMI<~mcr no." und dcMcrihcd by thc propcrty 
iloms "numc" nnd "uddrcss." One urdcr 1• ld"ntlfied by 
"ordcr no" nnd hns thc prupcrty ltcms "lotnl sum" and 
.. or\lcr spc:c.•' · 

In nn infurmntiun prucc••in¡¡ •ystcm. infurmnlion nboul 
real wurld uhjocts urc alorcd in pcnnnnent Ole~ In a DOMS, 
1 nformutlun nh11111 ohjccts ls cxchun~cd hctwccn. diffcrcnl 
parts of thc infurmutlon pn><:c••inp •YMiem by exchnngln¡¡ 
mc.,.n~c• uhnut lht>~~e uhjcct• hctwocn proccues. A con­
''enl"nt wny uf •rcclfyin¡¡ · thiM informuli•m flow mny be 

Customer No. 

obtalned uslns lha principia of hlcr~~rchk:al syslems pwtl­
tlonlng. This will lcnd 10 a lcvel-by-level mocc detalled 
spccificatlon of thc appllcntion •Y•Icm, where lhe )ermlnal ' 
elemcnls will be Mubproccs~sund lo¡¡lcul flles. . 

We shnll lllu,trute our proposul for a mulll-level flle­
~c•ipn proccdure by a· .cnse, \\'hich wlll be a slmplificd· 
modcl or a wnrchousc (FI¡¡ure 3). Thu systcm hatidlcs · 
cuslomers' ordel"' for goods, h eontrols qunntlty In lloc:k, 
nnd it produces rclill ordcrs for thc vendnrs. · 

Supposc thnl n funhcr dctnllin¡¡ of the ORDER MAN· 
AGEMENT systcm results In the subsystcm structure o.t 
Fi¡¡un: 4. Thc loglcnl mes "STOCK Fl LE" and "CUS. 
)OM ER FILE" rcprucnl pcrmuncnl lnformntlon, whllo 
the lo~icul files "ORDERS," '"ORDER ACCEPTED,'' 
"ORDER REFUSED" and "ORDER REOISTERED" 
r<prcsenl meRsn&c exchnn¡¡e bc\wecn proccucs. 

The clcments of the loglcnl mes can be ~cscrlbed liy 
mcssa¡¡c typca. 

lf wc supposc lhnt one cullomcr mny glve sovor~~l orden,\, 
nnd thnt onc orucr moy conslsl of a numbcr or onlerllncs, · · 
thc CUSTOMER FILE elcmenls can be spcclficd by lht . 

• < 

mcssunc lypc: 

MnCUSTOMER FILE): 
C'll.rtomrr na, cuslomcr nnme, ~ustomcr addreaa, 
(or.Jer no. tutnl prlcc, 

(ordcr llnc no, artido no, nrtlclo narne, 
\' línc price, numbcr ordered)) 

'• t • 

wherc ldcntlficrs are underllned nnd bruckell ( ) represen! 
repcutln¡¡ ¡¡roups. · 

' ElÍch ur thc permnncnl mes hove lo be spcclncd In thls 
wny. Thc pcrmnncnl files ore the bosis for the deslgn .or tha 

··.· ... 
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file orcnnlznllon. Ther~rore, onc hns 10 describe lhc ncllvlly 
b~lween lhcm ond lhc informnllon syslcm proccssca. This 
c.m be done wllh spedallypcs or proce"'"'· callcd rttrltl'al 
procrssts. l!nch lnrormnlion syslcm proccss h1uy conlnin a 
numbcr ur rclricvul proccsses. 

l!uch or lhc rclricvul proccsaes musl be onc or 1ho 
fullowins rour lile opcrullons: 

READ, 

UPDATE, 

WRITE, 

DELI¡TB, 

thc retricval · procen reads elcmcnl(s) 
rrom o permuncnl nrc. • 
thc relricvol proccn chnnces onc ur more 

. propcrty lcnns or nn elcmcnl ora pcrma· . 
ncnl file, 
thc rclricvul procesa &lores ncw clc-
mcnl(s) lnto a permancnl lile, .. 
lhc rctricvol process rcmovea clcmcnl(l) 
rrom a pcrmunem me. · 

A rclricnl proccu must hove cxoclly apcclned acorch 
hys.' The cxpcclcd rc~ull muM ulso be s¡>cclllcd. This 
apcclra<:alion muy be u ·descripllun ur whlch pnrts or thc 
pcrmancnl me shull be rcnd, or 11 muy be o de•cripllon or, 
lhe rncs>ascCs) whlch •hall be 5hHcd. 

Thc IY~Iem o( I'Jcure 4 COO>fsll o( IWO subsyslcms, 
-.'l.DER CHECK nnd RI!GISTR,\TION. Thc subsyolcm 

.(DER CHECK handlcs orden from lile cuslomcrs. 
\\1•cn an arder urrives, lhe CliSTOMER Fli.E ls chcckcd 

• scc ir lhc cuMomcr la ulrcnúy regl•lcrod. 1( nol, somc 
or.lfon has lO be lukcn, for fn,IIIO~C, lO refus' lhe ordcr, or 
lo produce a cuslumcr numbcr ror lhis cu¡lomcr. Dcforc 

•, 

Dcslsn or File Or¡¡unlzullonu S 11 

the ordcr cnn be occcplcd, un ordcr numbcr hnK tu be 
produccd, und th~ quunllllcA In Ah~k ,,r lhc M(ltlciOcd 
urtlcles havc hl he chccked. Thl• KUhKYKICm wlll thcrcfon: 
conhiln 1wo relrlcvul pn,:cM..:K, ,,nc r.,r chccklnu lhc cu~~o .. 
lomor file, unú un~ for chccklns lhc Ml•~k Ole. Thc kcyu un:. . 
dcnolc•l hy K ("key) und lhc exrcclcd rc•uh hy O (ao~l· 
pul). · · 

SI: Check CU>Iumcr-Oio 
Opcrnllnn: Jt(;,\0 
K: --cuslmncr nnmc 
O:· --cu~tumcr no. 

S2: Che<k Mu<k·filc 
Opcrulion: 'IWA.D 
K: -no1iclc no. 
0: -qu.,nihy 

Thc syalcm REOISTRATION 11orn ncw orden and , 
ponlblc ncw cuMic;mcrt. Thc rcslmullon or ncw ordcl'll cun 
be llluslrulcd 01 fulluwa: 

Sl: Ordcr rcslslrnlion 
Opcnotion: WRITE 

K: -cuslorncr no. 
~rder no. 

O: -ordcr no. 
-lolnlprico 
-ordcr·llnc no. 

) 
-urtlclc nu. ror ench 
-artlcle na111C order-llnc 
-fine prico 
-numbcr ordered. 

rr all lhc· relricvul proccsaea dcnncd by lhc appllcodon 
syslcm are dcscribed In thls wuy, lhcn lhe uppllcallon 
progrums con be consiúcrcd to conslll of rclricval pro­
ccuca wurklnn lowurds o ccnlrul dnln bnac contnlnlns pe!' 
·muncnl files (Fisura .S). Throuoh lhc spcclncollon of the ·. 
nppllcnllon problcm, wc hnvc nuw dcvclopcd u buula rur the 
dcsinn ora nrat loglcul modcl or thc nre or¡¡unlzallon. 

o RUII 
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DESIGNING A LOGICAI. DATA DASE MODEI. 

A lo~ical modcl <>f lhe lile o~niz:.lion musl salisfy lhe 
fullowing rcquiremcnls: 

• ll mu,a he cntirL'Iy h<"cd upon lhe infurmalion analysis 
li.e .. lhc a priuri knowlcdgc of thc tlpplication prob­
iem). 

• ll musl •albfy lhc rcqnircmcnl< spcciflcd In lhe infor­
malion am•lysis. i.c .. lhc: rcquirem~nts of Í11formation 
structure umJ thc rcquin:mt:nls of retricval. 

• 11 must involvc a "'hcst possihle'" irdcpcnJ~ncc be· 
twccn thc dcsigncd data structurcs und thc spccificd 
nppliealion programs. 

• ll musl be casy lo rcalizc using any p;articular DBMS. 

Thc dcsign or lhc logical modcl is done in lhrce slcps: 

( 1) Dccomposition of lhc messase lypes 
12) Synlhcsis or lhc decomposcd me.sagcs inlo a mod~l 

which satislies thc infurmation requircmcnts and fi. 
nally 

(3) A modificalion or lhc model in order lo salisfy lhe 
rctricval rcquircmcnts. 

The dc¡;ompm;;tion procedurc is similar to the normaliza· 
lion pruccduro ¡uoposcd by Codd,' .whicl~ rcsuils in an 
elcm~.:ntary fih: !">)'Mcm.' The normaliz.ation of me::;sacc 
lypcs i• a lhr<c·hl•P procedurc: 

J. F.limination uf rcpcating groups, hicrnrchical struc­
turcs. ur nclwurk ~tructurcs, 

2. Elimin:llion uf non·full dopcndcnce on lhe primary 
kcy, 

3. Eliminalion of lransitive dependence belwcen lhe 
propcrly lcrms. 

Thc dccumpusilion willl>c iliuslr:.lcd wilh nn cxnmple. The 
permancnl file CUSTOMER FILE, wus dcscribed carlier in 
lhc foliowing wny: 

M 1,: ru.ttomrr n11, custnmcr nnmc.· customcr mJdress. 
(ord~r no; lulal price. (ordcrline no, 
:u1iclc no. urticlc n;.,mc, line pricc, 
numhcr oro.lcrcJ)) 

In this case u rcpc;IIÍn{! ¡:roup is suhtm.Jin:11c to another 
rc:pc:lting ¡:n,ur. ;mJ thc lirsl s1cr is tu climinatc lhe first 
n:rc:uing l.!rllUp. Thc·mcssagC ,typc is thcrcfurc split into the 
mcssagc typcs: 

M 11: c·u.~~tum,•r tw, custumcr n:tmc, cu!'llllmcr mh.lrcss 
M 1z: ''UJtouwr no, •mh•r 1w, h•lal price. (urJcrlinc no. 

¡¡nidc no. urticlc: nilmc, linl!' prkc. 
numhcr urdcred) 

Thc dcscriptinn uf nn on.h:r is only dcpcndcnl on ''tlnl&:r 
nu ... not ... custámcr no." The mcss:•}!c lypc ~11, is thcrc· 

rore splil inlo: 

M1 11 : t'IHiomrr na. ordrr na 
M lu: Ordrr nt>, total pricc, (ordcrlinc no, orticlc no, orti· .· 

ele name, line price, number ordcred) 

An eliminalion or the lail repcalin¡¡ grou¡o resulls In: 

M 1,10 : orJrr no. lollll pricc 
M 1,::::- urda no, urJ,.,.f¡,,,. no. nrticle no, articlc namc, .. ·· 

line pricc. numhcr ordcrcd 

In ~e:¡s:1t;c M 11122 rtere is a tnmsitivc dcpcndencc bctwcen 
lhe propeny lcrms. "article namc" is dependen! on "artlcle 
no," nol lhc id•mificr or 1he messuge. The mcssage lype ls' 
lhcreforc splil inlo: 

M 1n21 : ordrr ntJ, orcfrrlinr nu. a nicle no. linc pricc, num• 
ber ordercd 

M 1,,.,: artid• 110, article na me 

Using lhis kind or''normaliz:alion procedurc, lhe messoge .. 
lypc M 1, has been decomposcd inlo lhe five message lypes 
MI,, M 1 . .,. Ml 110 , Ml 1110 nnd Mlzm. The dccomposition 
was cntirely based upon· specificalion or lhe npplicniion 
syslem.s roquircmenls. i.c .. informalion aboul objccls nnd · 
messase,types. Normaliznlion is o reven.ible process. Thal 
mcans th'¡al ihe orisinal messase lypes can be reconslrucled; 
an~ lhereforc no informal ion has been losi. 

In lhe d:omple of Figure 3, lhc syslem conlains, In. 
addilion Jo lho CUSTOMER FILE. ulso lhe permanenl files 
.STOCK .FILE <~nd SUPPLIER FILE. Suppose thnl lhe. 
pcrmancnt' lile STOCK FILE conlnins mcssases which 
describe lhc various ilriÍcles in stock, and lhal each articlc 
may hnve "verul subsliluling nrticles und scveral suppliers. 
A pÜssible dccomposition mighl be: 

.M2;: urtld• no, article n:ame,.qunnlily, pricc 
Mlz:. tlftidr no, nrticlr no 
M2,: nrtidr no, mpplitr no 

Supposc lhe SUPPLIER FILE conlains mesoages which 
describe llui vari,IUs supplicrs nnd lhal one supplicr may 
dclivcr scvcml ünicles. That supplicr may olso have sevc:r.ll 
rcflll orders rciistered: A. possil>lc dccumposilioal mishl be: 

,M3,: .¡upp/irr na, supplier name, su¡ipllcr addrcss 
M32: · supp/i,•r nu, tifticlr no 

: MJ,: .wpplic•r n.co. rrji/1 orJ.., no· 
M3,: rc'fi/1 arda no, numher w~nlcd, nrtlcle no 

Sorne ur the. mes~mgc typc~ nrc bi~ry rcln1ions which 
represen! rcl:aliunships l>ctwccn ohjccls. For cxample: 

·M 1111 : cu.twm.•r nu. urJ.·r tW, n:prcscnts a hinary 'rdaiÍt'n 
hctwccn lhc uhjccls or lhc nbjccl cl:.,scs CUSTOMER :ond 
ORDER. Cllhcr mcss:a~cs m:ay dcséribe propcrties oC an 
nhjcct. rur ~:xamplc M 1,: CIU"(fJIIJl'T no. CUShlmc:i- Oólmc • . 
cu~tomcr ;11.hlrtu. 

Examining th\! mcssut:e type~. onc may Udcr~ine the 
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datlonships l>ctwecn thc vuri .. us mcssugcs. This will be 
alluMrah.:d with c~iirnplcs: 

( 1) Thc mcssat:c type 
M 11n: ruslciiiU'r rw . .-rJ,•r no, 
de:.cfibcb un 1: n n:latíon5hip bt:twccn mcsfiU,l!CS ldcn• 
tilied Uy ··..:lJ~.ionlcr no" llmJ mcs~a~~~ 11.1cntilicd by 
--ord.cr niJ. '' 

(l) In tht llilo.'~~.a~.:·¡; lyp;.: 

M3 4! tf'}i!l ""'"' "''· numhcr WiUIItd. nrtich: no. 
lile •ccondury kcy. ··aniclc no.'' ls u>cd usa prupcny 
tcrm. This indicah:s un: 1 rctatiun!ihip bctwctn mc:s-­
sagc' d~fincJ by "rdill ordcr no .. ami ''ul1icle nu."' 

The rcsuh of !>UCh ün exnmina~ion is illustrated in 
figure 6. Ouc m ay observe th:u lhcre are buth ~ 1: n 
rcl:•tion>hip and a n: 1 rclationship bctwccn ··uniclc no'' 
and .. supplicr no." This .implies lhc cxistcncc of • n:n 
rdation~hip. . 

Th..: 1uuícul mudcl may be rcprcsentcd in a convenfent 
'ilay, u sine n tl:lla structurc diusrum. Tite data strocture 
dbr.rarn h<\S two ba~ic clcmcnts: boxcs nnd nrruws. E.uch 
b~x rcprcscnts n dt.~ss of rccon.Js (or u lile) ~md cuch arrow 
n.:prescnts n mc<aniogúll rclationShip b!!twccri records. Such 
a di~1gr:1m may c.asily be drawn usiog ~~~ normalizcd 

1 mcssolt~t! typ.::>. ~lc!l.~·•act: ty11cs may be r.:prcscntcd ns 
l(J.\'.::>, ;1nd •~ 1; u •clation::;hip is nn urrow hctwccn buXes. A 

n: n rd;.ltion~hip is rcp:-cs~nted ns u couplinc (or u rclational 
file) bctwccn boxcs. 

A data strocture diusmm bascd upon the ·normalized 
mcssage typcs of thc pcrnm~cnt lile~ CUSTOMER FILE. 
STOCK FILE antl SUPPLIER FILE is shs>wn in Fi~ure 7. 
This is a logical model which satislic• the rcquircments of 
thc information structurc. 

el 
o o z 

k ,; z 2: o .. z k o o 'O •• " z k' k 

E z 2: .5 .. o .!! o k 1:; ;::: 

~ ñ ~ .. " E ~ 'tl 'E 'O o. 
~ o k " " u o o <t a: Cl) 

C~otomer No. l:n 

Order No. l:n 

Order No. 

O;dcrllno No. 
n:l 

tArtlclc No. l:n l:n 

Refill Ordor No. n:l 

Supplier Nu. l:n :n 

F'~uu: b-R<l:.&tioll\hi¡u. NIY>'-:"n W.:ntificu ol thc hdímalil .. 'll mc·u .. :llj:n 

. , 

Desi~n .. r File Or¡¡uniZlllions 5 1'3 

C41U~I1Wf• Cuuumrr lbm~ 

OrckTI 

Ordtt"· 
Llnn 

C .. uromc1 Ad,ittu 

Rtlill O.dttt 

Fí¡:~o~n: 7-J?-.Jita •tru..:lur~ &Jiacr-.am o( lhc n~llud lnronn:lll.on ''ru"ure 

The next Slcp or the dcsi¡;n proccdure ls aimcd al 
sntisfying thc retrioval re4uir(mcn~K. Suppose thut both 
"customer no" and .. ,ustomcr nume" nrc uscd us keys by 
different rctricval proccss~s. und that the response time 
requirements excludc u soqucntiul pr\lcessinu ur the cus. 
TOMER FILE. A modi!icution of the dutu strocturc dia· · 
~ro1m is thcn ncccssary (Fi~urc 8), 

1 

A scarch file cimsisting of "customer name" is cstab, 
lishcd und 1: n·rchrted to thc eustomor lile; Usually, lhe 
retrieval rcquircments m~y be sntis!ied cstublishing scarch ... ; .. 
riles in a way similar to thc onc illustro~tcd in Figure 8. · 

Suppose funher exumimtti,ms or the retrievul processes 
show that thc items "anide nó.," "nniclc nume.'' "sup. 
plicr no" nnd "supplier nume" are rctricval keys. Neces.· 
sary modilicutions of thc logicnl model muy result in a dula 
strocturc diagmm as shown In Fi¡;urc 9. 

A logical modd ha~ now hi:cn dcvclopcd in thrce dcsign 
steps. The first stcp, dccump,,.itiun of mes,.,,gcs, was based 
on mcssnge dcscription und ohjccl dcscriptlun. The synrhc­
sis of thc dccumposed mcs•uscs wus buscd upon relution-

Cunomrr No. 
CvtiOIN'f N~me 
CultOIT'IIff AtWtn" 

Cu1\0fNf N.,_ 
. Cui\omlf No. 

Ñwnwd ftf'q..,tflf'flWnt 
ol "lnb•r.cli•• Rt~I:O 
T""'" C.nlom« No. 

Cuuorncr AdO!tu 

Fi¡ourc 1-MLMJi!icO&Ji..»P o( CUSTOMER Flt.E to 1011Íd)' rtlrinAI 
· 'r.:quirrrnmla 
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C~110mtr No. 
Cu1lu""" Addtw 

Ordf'l'l 

HtiUI Otdcfl 

shi~s hciween ohjc~t•. und thc r~sultlne modcl wn• ~udl· 
fl~d. U sin~ lnfnrnuatiun uhuutthc rctrlcvnl proce-.eA und tite 
rcspunsc tin¡e rc<¡uircmcnts. Thu<. u lu~icul m•>dcl ,,f thc 
fil~ ur¡nanizntion hus hccn dcvclup~d. without ma.klng uny 
uccbillns uhuut· any panicular DllMS. Thc cntirc dcslun 
proc~~· i• reversible. Thu• •. thc ori~inul lnf<>rmulion struc· 
tun:. cnn he roclln•tructed, und th~ rcquiremcnll 5lutcd In 
thc lnfurmutilln unaly•i• ls lhcrcforc Kiatidicd, 

FITIINO OF THE LOOICAL MODHL TOA PHYSICAL 
MOOilL 

1 • • 
Thc ncxt •te~ In 'thc dc>l¡m rruccdure l• tu sdcct a 

~unkulur DIIMS, :and m11dify thc l11~kal nn>dcl in urdcr 10. 
~ivc u "h~•t l'l'"ihl<" phy>kal suluti11n. In this papcr thc 
cffl>n• 1\'Íil primaoily h..• d~''"t,·d h> llllTO·Iikc DUMS· 
suftwurc rruduct!, hui mosl uf thc rruhlcm~ will neven he• 
le•• he uf u ~~ncrul charucter. · 

Thc nvulhahlc DUMS ma)' huve ccrtuln rcslrktlllns, llke: 

• thc OUMS do•c• nul ull11w nctwurk·btlllcturcs, 11nly 
lr~C·Ktructur.:t., ~ 

• thc DUMS ullow• dlrccl u~ccKO to unly n llmhed 
numhcr uf hlcrar.-ltl~ul I~WIK, 

• th~ l.) UMS alluw•unly u c~nuln numhcr or hlcnan:hicul 
leve la 

• cumhlnutilln• uf lhc rc•trictlnn• mcntlunc~ uhuvc. 

Thorcrun:, thc nnt muúilkutlun nf thc luglcul mudcll~ lo 

antiat'y thc DOMS re5lrictlons. Substhutlons ot lista by 
lnvcrtcd lista will u•ually 5olvc theaa problema. 

Thc ncxt s\ep 1• to mukc ccrtnln ndjuatmenta or ·lho 
luuk:ar mudelln arder to: 

o ·!.•o.amlzc thc numhcr o( block QCCCIBCI, 

• • '•lniÍlc lhc dnto ·volurne, • . 
• , .. , ;oimlzc .. lhc trnnsport of dota bctwccn memory an·d 

tia~ J111n files. . 

Unfortunutely. thc•c rnctors uro connlctlng, and nn opcru· 
tion whkl; tnl:es ull'thc fuctors lnlo conalderntion muat bCI 
·curricd out. Onc muy also nutlcc thutlhc len complex n nle 

· <li'U:tni:wlion ls, thc more it simplirtcs auch opcrnllona liS • 

. lnitinllnndinc. rcorcnnlzution und rcpurl gcncrutln¡¡. . · 
. The lu~lcul rnodel dcscrihcs thc record dcslgn aitd lho • 
choice of nccc" puths. Any ndjustment uf lhe loglcal mOdel 
must thcrcfurc clthcr mudify thc record dcslgn or lhe 
chulee of ucccsa pnth•. A modincntlon of thc record desl¡¡n 
whlch hua to sutl•fY the lnformutlon stNcturc requlrcmcnts 
muat be a choice bctwecn storinu of dupllcnta data ltcm 
vnlues or thc use or rcfcrences. The modlncntlon or lhc . 
ncceu rt.iths 1• u choice bctween lhe. use of llsts or lnvencd . 
llsts. Duplicnte storing uf dala wlll be llluslrdted as shown · 
In Fluure 10. , 

·The prc:;cnt verslon of thc loulcnl motlel describes lhc · 
cu,tomcra ns lllustruted In Fluurc 10(11). Suppo•c many 
retrlcvt!l prnces•es nrc frequently uslns "customcr no" as 
key und wunt lnfllrmntlun nboul "cuuomoa na me." Such a 
altuntlon will rcsull in o largc number of ncccuea rrom lhe 

· mcmbcr record• lo the owner rccords. An nltcmnlive 
ver;!,ln 11f thc rccmd luyout Íl llluKtruled In Fluurc l!l{b), 

· The ítem "cust.uncr nnme" la stored In both the owner 
rocord• und thc memhcr records. Such o aolution wlll resull 
In u .decrense in thc numbcr of nccesses, nn lncreiiSC In lhe 
file álzc. und un lncren~e In lhc dntn reud nnd wrlucn.'i'n · 
ordcr to nnd thc bcst solution anc hns lo cstlmnlc the 
dccrcnse In ncce•s costi versus lhe lncrc1111e or lnpulloutput 
und stuntgc co~ts. 

Cun•cqucntly, DI ihls lcvcl ar the dcsl¡n procedure, thcre 
ls n nccd for nn unnl)•sis toÓI whkh mny be used·ln mnklnp 
•uch estim:ucs. Thc nnnlyals tuol must •utlsry tho rollowln¡¡ 

. 1•1 lbl . 

-
Cullomef Cua1omci 
Nomo N..,. 

• 

Cualomtr No, 
Cua1omtt AddtO'N 

CwiiOJNt No. 
~llOIMt N•rnt 
CulhUnot Addtta 

FlpLirc IO..·Aitcrnullvc lu)'llUII or lhf CUtr.lt1tnn n~t . 

. ' 1 

i 

' ., 



o 11 musl be poulblc tu pcrfmm nn unuly~ls wlihoul 
muklng nny dccl~luns ubmll physlcul rcullzutlon. 

o thc unuly>ll mu•l he h:IScd un 11 dc~cripllun ur lhe 
lo~ícul ""'del nnd lhc rclricvul prucc•»cl. 

. 8 lhc nnnly~i> JOU>l furm D bnib fllr m11klng dcci~JonM Uf 
lhc lypc mcnlíuncd ubuvc. 

Thc l••~lcul mo<kl d••crlbcs lhc Ole or~nnlzullun, a11d lhe 
rdricv11l pr•>ce.scs <lcocrihc lhc ncllvlly nualn•l lhc file 
OIUnnizulil>n. Cuu"''l"cnlly. h i• pus~lhlc lu describe lhe 
nclívily hclwccn !he diffcrcnl record lypcs und lhc ucllvlly 
bclwcen rccunls wilhln lhc Allmc record lypc. lt wlll be 
shown lulcr lhul such n dcscripllon i• uscful In mukina 

·' decbiun• ohoul lo&lcul rc;lrue~udna or uboul physlcul reull· 
zntlon. 

A purt or lhc ordcr mnnagcmcnl iy•lcm dc•cribcd In lhc 
rrcvioua ~ce! lona ¡, ahown In Fl9ure 11, SuppoAe lhe 

1 fóllowlng relrícvnl proccu cxl01s: 

S 1: Reud ordcr 
Operullon: READ 

K: -<>rdcr no 
O: -ordcr no 

-1o1:11 pricc 
-<lrdcrlinc no 1 
-unlclc no 
-urtlclc nomc 
-linc prlce J 

ror cach 
.ordcrllnc 

Thc proccn u•es "ordcr no." os kcy, nnd lls occcss pnlh ls 
illunnllcd whh o duucd llnc in Fiuurc 11. fin•• muy ob!crvc 
lhul lhc proccss reouhs In lran>illons h~:' ':n !he record 

Ordan 

7 

Ordortlnea 

(-----:..SI: .,, Read Ordtr 

1 
.1' 
1 

_1 
Artlclcs 

S 1: Rood Ordor 

K 1 Ordcr No. 
O : Order No. 

Tolol Prlce 
Ordcrtlno No. ) 
Anlclo No, 1 For Each 
Une ~rica (. Ordcrtlno 
Numbor Ordorod ) , 

Fll~o~rw 11·-lnuatr•llun t>f lhll D4'1o:t'' po¡th ora rtlrlc~al rruccu 
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lypcs ORDERS nnd ORDHRLINI!S und l>clwccn ORI)I!R· 
LJ~ms nnd ARTICI.ES. Thc~c lmn•llinn~ urc cullcd re• 
lrlcvulo of lhc lírol kind. An \lrder will UhUUIIy conMIMl nf 
nwrc lhnn \lnc ttrJcrlinc, und lhcrc will he lnm•lliun• 
bclwccn lhc rcconh In lhe record l)'rc ORDllRI.lNilS. 
111C~C lrnnsillon~ ""' culicd telriCYOIIM uf lhc MCCIInd klnJ, 
Su¡•pusc lhc uvcno~c numhcr nf nnlcrlfnc• pcr orJcr 1• . 
scvcn. Thc rclricv111 ¡mwc" S 1 thcn wlll r~sut1· In ""~ · 
rclricvuluf 1hc nr,l kl11d h,·lll'o:o:n uscr nnd OltOI:RS, lh~ 
llunc hclwccn OIWEilS 1111J Oltllli!U.IN!iS, hiX IClricvnl~ 
nf·lhc sccund klnJ wilhin lhc rcc.>rd ~la'" OllDERLINHS 
nnJ línally SCVCI) rctrio:vul• nr lhc líml kinJ hclwccn OR· .. 
DERLINES 11nd Mnft'LES. 

ln orJcr 111 Jc•crih.: :he uctivlly In !he duln hn•c. une h!iA 
lO kn<lW lhc frcqucncic~ of lhC rctdO:VIIf pf\lCetiMCM, nnJ lhc 
scnllcring fnclor. whfch nrc u rc•ull nf lnm•itlunM bclwecn 
lhc diffcrcnl ro~ur~ IYI><!•. A lnmKhlun from un uwncr 
record l)'pc 10 a mcml><r record lypc rc•uhR In u .cnllcrlnp 
factor cqunl lo lhc uvornnc numhcr uf mcmbcr recordn per 
owncr record. 11 'hould be ubvloua thnl lrnn~lllons rrum 
uscr lo u record lype nn•llrun~híon• frum u membcr record 
lypc lo nn owncr record typo rcauh In 11 scullcrins fuclur 
cquuf tu one. · 

Th.c •:clivily in 1he dula hu.<c may be reprcAented In u· 
mnlrix (tiCc Figure 12): 

(o•0},/w0,l,•••, n andj,.l,2,•••,n 

whcrc 

n .... 

... JI 

. . 
la the numbcr or record l)'l'•• 
ls lhc numb.:r or .rclrlcl'uls ur !he firul klnd 
frorn user lo record lypc no. J. 
1•1,2,···.n,}'"I,2,···JI und /+) ls thc numbcr 

· of rclricval~ uf !he fir•l klnd frum record lfpc 
no. /to record typc no. J. 
is !he numbcr uf rclrlcvuiR or lhe accond klnd 
wlll:ln record I)'Po no.), . . . 
¿ '""· Jul ,2,•••,11 la lho lotnl numbcr or ro-
~~ ' ' 

toicvuls or record type no. J. ' 

Supposc lhc rclricvul prucesa SI ls lnltlulcd 100· times' a 
duy. Thc uumpfc dcscribcd In Fisuru ll.lhcn reKuha in the 
relrievul nmlrix shown in Fisurc 1) •. 

Thc h.:huYÍOr o( lhc IClriCVIIi prnCCISCI wlll be dcKcrlbcd 
whh a rcw 1nnrc cxun1plc,, Fl9urc 14 •hows lhc louícnl 
modcl dcdsncd In un carlícr Kcclion. Thc numbcn. wi<hln !he 
boxes urc lhc numhcrs uf thc •rccine record 1ype1 .md lhc · 
numhc" un !he nrroow• urc lhc •cuncrlng fuclon fu¡ lrun•l· · 

. tlons fron1 un owncr rccurd lo lhc mcmbcr rccur.!•· Thc 
nccc•s rall~< úf fuur rclrlc\'111 pl'l>CC<hc; urc Jruwn n• don,'ll .... , .. 
llncs. Thc rclricvul pmcco~ SI lmM bccn dc•cribcd cnrlícr;. · .: 
ond a dc•cripllun ·ar !he rcmuinlng prucc~~•• •hown In·.· 
Fi~urc 14, muy 0.: a• (ullolws: 

S2: ' ltcnd cu•lomor numc 
Opcmtfon: 'I(EAD 

K: --cu¡.:h.)l\l~ r nu 

O: --cu•h.uncr u~11Hc 
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ls lhe number of record clas% 

is lhe numbcr of rclrievals of the first kind from user 
·lo record class no. j. 

la1'2· .. ·n j•12···n andltj 
is lh~ n'~m~r ~~ relrie~al~ ol ;he first kind from 
record class no. 1 lo record elass no. j. 

is lhc number of retrievals of the second ldnd withln 
record class no. j. 

n 
l: wij' j. 1, 2, . ... , n 

Fi¡¡;uR 12-Relricv¡¡J malrix 

is thc total number of 
retrievals of record 
class no. J. 

. ;. 

Thc pro~css rcsults in one rotrievul ofthc first kind bctwccn 
USEII nnd CUSTOMERS nnd thc ,.;¡mc !Íetween CUS­
TOMERS nnd CUSTOMERNAMES. 

The proccss removcs u relill urdcr nnd Jcktcs thc rdatiun· 
ships to ARTJCLES :md SUPPI.IERS. Thc result is ••nc· 
rclrievnl or 1he lirst kind rrom USER lo REFILL · OR· 
DI:RS.· onc rrum REFILL. OKDERS In ARTJCLF.S und· 
une rrum REFILL ORDERS lo SUPPI.JERS. Suppo...: 
tholl. in' mJt.litiun to rhc rclri.:v;al pn-.c:.:s ,es ulrc-at.ly mCn­
tiuncd, lhcrc :m: utht!r rctricvnl pn\~t:s~' "-·hich c:omplc:IC' · ·· 
th~ u~cr"Jt commUnic:.atinns wia~ th..: c.Jatu h:.uu:~ A po~:..ihl.: 
rclricval matriX m:1y ~ th..: on~ in Figure JS. 

SJ: Upd:tte qu:mtity 
Oper:ttiun: U PDA TE 

K: -unido no 
O: -<JII:uuity 

Th~ pruct:ss upJoll.:s lh.: ·numbcr uf unkl\!s in stuck. o1nd 
n:!'.ulls in nm: rcCrii!V~II uf lhl! tir:-.1 kint.l fruril USER hl 
AKTICLES. 

S4: R"·muvc rdill urdcr 
Oper:ttiun; I)EI.ETE 

K: -r,·lill <>rdor nu 
0: -lcxt,lrint: tddction OK/nut OK) 

Onc may uhscrvc 1h01t w¡c¡=-JWO :md cu.,.aO. This in'-'i· ~· 
cate:; that ••urth.:lc nu'' :md --~u1iclc noamc ... also ·shuulc.l he:' 
slurcd in OIWERLJNES. Thc decrca'e in lhc number.\>f 
rctri.:vals h;as to he p;aid for with un incrcase uf th~· ~!,t;a 
vulumc. 

Such " nwdiflcation of lhc lur,ical m,>dcl rcsults in 1he 
da1<1 strUI.:t'urc Uiill!ram !\hu\1-n in figure lb. Fur1~cr c'mnÜ· 
natiun~ uf lhr.: rctdr.:v;al m:llrix an:.ay h.:;uJ 10 othcr modifica• 
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Ordcrlines 600 700 

Ar!icles 

Total ! ... E -
Ft,un: ll-Thc contribullun• frrJm lhc rctrinul pro.:IO'u Sito a relricval 

m..lrb 

tlons of the logical modcl und thus thc final snhnion will. be 
filled lo lhe seleclod DllMS in u "bes! possible" wuy. 

PHYSICAL IMPLEMENTATION 

The fino! lo,¡¡ical model describes lhc final record design 
and lhe final uccess paths. The nexl slcp in the dcsign 
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1.-i,uu: l~vmplclc rttrievltl mu.lrik 

. procedurc is a ¡>h)'Sicnl implcmcntulion or lhe logleal 
modcl. This pruccss C<lnsisls or rour nmin sleps: 

• choice. of slnrage strucoures for thc record types, 
• physicullocntion of !he rccords, \ 
• impkmcnlntion of lhc rclnlionships bctwccn thc m:­

ords, 
o dctcrmlnation Óf !he file dimensiona. 

Thc phy,;icul impkmcnlntion ls dependen! on the'panicuipr 
DllMS aud consequcnlly il is nol possihlc In formulale ony 
gcncml rules l<l solve lhe problcm. Thacfor.:;in this paper, 

'• 
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· brders 

Orderllne1 

Artlcle 
N ames 
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f-1¡:un: 16 
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it will be showu loo.v lile prublcms can be wlvcd using a 
DBTG·DIIMS. 

' 

A D!JTG-D[l~IS ;iltuws thc fullowing typcs uf stor.tgc 
5tnlclu~cs: 

• a dircct ,¡ru.:turc ( OIRECl) 
. • a r.mdulllizcJ ~t.-uctwc (CALC) 
• nn ind~.\ sl!qucmial stnu.:turc (INDEX} 
• u ;c~ucnlial structurc (VIA) 

U•uully, thcrc will be no problcm in making a choice 
bctwecn thcsc strilcturcs. For c.<ample n choice ~twccn 
din:ct :1Cccss :mi.l scqucnlkll ;acccss is d~;h:rmincd by the 
·rcspon~c tirnl! rcquirc·m~nls. 1( Uirccl ncccss is ncccssary, 
onc sht>uld use" úircct Slructured file if possible. lf nol. an 
iiuJcx s;;qu.;rni~'' or randmnizcJ struclurc hns lo be u~~d. A 
tóJrll.iomizcd SI1Uct'un: is usu;dly ch.:upcr thun an indcx 
~_c:qut:nti;ll !\lru¡;_·:urc. Ttu:rd\lte. if thc:rc: is. no .. cquentiul 
SCilrl.:hinp. ü nl\ll,hHHi:P::t:l! SICUi.!IUre shuuld be US4!d, Q'f 
coursc, thl!:-;t! mies are not ofg..:ncml vulidity, but they may · 
be u:.cd ín must casc.:.s. 

Plly.dcollo<'ul[mr 

Thc ph)·sic:illoc:llion may, lo sorne cxtenl, be controlled 
by the folh>win1: st;¡lomoqts: · 

(i) 
{ \HT/1/.V ,.rca-namc·l ( { ~~~~tf,~: •. ~ata·namc-4} 
{ TI/HU } {intcs<r·S }]} .. ~ 

TJ/RUUG/1 ual:l·b:ose-datu·name·S 

Thc: statl!ml!nt muy be uscd to sp\!"cifY in what 
phy;kal uala lile(s) lhe v:uious rocord typcs are lo 
be plnced. 

(ii) LOCA T/ON MODE IS V/A sel·name·l SET 
lf a sequcnlial rccoru lypc has more than one 

. owncr record type, this slnlcmcnl muy be u sed lo 
place th< mcmbcr rccords el ose lo one of !he owner 
rCCllft.IS. 

tiiil /Nl'UI\'AL 1~ i•>icger·3 PAGES 
'fhi• hlat<m"nl m:.y be uscd to pl:oce mcmbcr 
rc~o:onJs ,,:h,sc hJ thcir uwocr record. for example in 
thc same physical block. . 

Th~: n:tric\':ll modrix dl!scrihc~ thc m:tivity bt!twccn rrcords 
and it may th~h."l''h~ be :• US\.'ful "'"' in dch~rmininl,! the 
phy~kai fll\.'.llinu;:¡, ,,f lf1C fl'i.:UrJs, J-li¡:h tU.:tivity hl!lWCCn 
ccn01in rcwrJ, implies lhat thcy shuuld h:ove physic:~l 
lncationl!i ..:lose ltl¿_;Clhr.:r. 

lmplc•nwnlulion cif rd411imu1li¡JJ 

Thc ¡mplt:nh.'.)lalitHi ur u:lalionships b.::twccn rccords 
(i.e., sct typcs) .a~ dtJn..: via lisl structures .in a DIJTG· 
DOMS. 

A ;ct may uc or¡!anizcd as a onc•way or lwo-way llsl 
U:>illg thC Sll\ICIOC1ll 

MODc IS CJIAIN (LINKED/'RIOR) 

TI1c .:hoicc of li'l ,¡ructurc has lO be bascd. on !he descrip. 
tion nf thc rctricv:.l pn><c•scs. Hi~h activiry from pani~lor 
llli.'IYih::r r..:cosds authcir owncr rcconJ indicutes th.: u~e ora 
püintcr imm tlic mt.:mi.JI.'r rc:cuHh to thdr owncr record. 
Ti.i:. ··:.11 l·~ i'l." .. li.:..:d u~in¡;. l!u: ~ta.u:mcut 

(I.INI'.ED Tt) O.YNF./1] 

D.·tumi:¡¡;timJ of llrc• jilt' Jinunslons 

nn: li""' stcp is !ü determine the dimensions or thc dala· 
files, i.c., L!ctcrmi11C thc p;~.rnmctcrs: 

c. file vulumcs 
o \'Oiurnes of ovtr1low ureas 
o voilllncs of ioú.!x t<~blcs 
• IL•:¡;f perccnrs 
•. blc:.:k sizc:1 

A "bes: J'O~::.iúlt:" \.:iloic<: or values for thc paramctcn 
rncntioncd ahovc is d.:pendcnt on !he panicular DBJ-IS and 
thc pani<;ul;.r l•:.n.lwore uscd. Conscqucntly, such dccisions 
shou!d be 111aJc in cor.nccliun with a pcñurmance analys.is. 
This will be funhcr discussod in !he ncxl scction. 

PERFOl<M,\NCt: ANALYSlS 

An cvalu:.tion 0i thc final soluti''" should be d""" usln¡¡ a 
pcñonnancc ;lfl;tly:>is. ·nlc mUSl (01lVcnlent Critcrion O(~ 
~ood solutiun is low total cosl pcr tirne. Vnrious 1y~s ot 
costs which tlifocl thc choice of file orgnnizatioo are ·; 

o slor•,l!e costa 
~ acceu co:.tti 
• dnta trnnsfer ..:ostu 
• sortins co~t5 
• reortmnization costa 

In :~ddith>n thcrc wiil bo cosls for u sin& cpu and memory,. 
In arder to ~et a bctter pkture of the ~onnanet· 

analysis pro~edure. 11 simplificd cnsc, lhc one·idcntificr. 
case •. will bo cor"idcrcd .. 1~ the one·idcntifier. case the · · 
cntirc file or~anization consists of a sin¡¡k file wilh r~rds 
cunsis1ir1g uf une idcntificr ittm omd ont ur more propcrty 
ilcms. 

In ord<r lo dcyclop a cosl function, lt .is necessary lO .. 
havc: infurmalioo about. 

u thc rl.'lricval actlvity .'!;~:·· ·· 
• thc Shlrat~c )trtJCtuf~ and thc Jimcnsions o(thc fiiC". :·' 
• lhc >lCCounling ruutinc Jlf thc particular machine syi• 

11.'(11 

Thc fina ~h:p ¡~ lo Jc\.'idc 011 ü SIUI"ot¡!C :!.II'\ICturc. For a 
particular slllril!:.: sl.ruCillr(' onc mJy dccidc on block ~izt 
:tn!.l h1ad jH.!ICcnt. Tho~c Jccb.iuus \dll usu~1lly be rcsuhs o( 

locul ortimi:.;Jiious, .d..:pcnJinc on lhc p01nkular ·c~mputcr 
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sy>lcm lhal i< u sed, In adJiliun, il is n"ces,ary In cslimulc 
th..: volum¡:o or inh.:rnal housd~CL'Jlilll! data in thc file. Thus, -
1hc file ¡;,ay b" dc>cribcJ by ll1c ft.lluwinL panuuclcl'll: 

• nun,bcr uf rccords 
• fCI:lh j ~.Íll! 

• blo,·k >i« 
• ln;all p.:r~.:ul 
o flizc uf ovcrllo•···¡Jrc>~ 
¡.;¡ voh•~·n.: of hou .• l.!b!l'PiOL! data 

Bon.cd un lhi:, ,J~:.~·riptiun. une llUI)' estímate tlu: nvcr11¡;.c 
rctri~val kntHh lnH:;,!'.un .. ·J in bl~lt.:k :u.:ccstlcs), How thi~ ...:ou1 
be done (nr lhc n¡ust cummon u~~d shH11t:C slructun:s is 
dc:~cribcd in Rd~.·fl:ncc l. E~timatcs of thc avcr.i&c use of 
mcmory anJ CPU fur cach rclricval process musl nl•o be 
madc. Thc rclricval proccsscs are dcscribcj wilh 1hc fol­
luwinc parnn1clcn: 

• (rcqucncics 
• LISC of mcmury 
• u;c uf CI'U 
• rctricv,¡l kn¡;ahs 

~ 
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Thc ¡.mrum.:ll!n. ml!utluucd abovc are USI!d "'' pnmmct.:rs in 
thc UC;.;'OUiilÍII!; l'llUlÍIIC ur U piirlÍClllur nmchinc liYSICm, und 
a prkc túay bt! cnn1 1.u1cd. 

11 is lhcn possihlo lo uJjusl lhc lile purumelern, for 
·· txnmplc lhc hluá sizc. ;¡fiÓ l~>ok ul h~>W lhCKt uJjusl~l"nl• 
lonu~ncl: thc tul:•! prkc. Thus, a minimizutiun o( thc cuxl 

·function n¡¡¡y he: t.lll!l~ in H•l itc:ralivc way. 
Scarchiní! in thc muiiÍ·Íllcntilíl.'r .,;;¡~.: m&:unJ. thnt lu;lcul 

conjunclions hctw~.:(.'fl tli~ :.cp;,¡-;,¡¡,: iJcntiti.:r ih.'tn~ havc to 
be d ... me. 'file: mu::t úHnlliiHl ways hl imph.:m~nt co.f\iunc· · 

tions are l!lUIIíli:.b •~r iuvl!rtcJ li~a:o, 

Fit~un: 17(a) illu:-.tlilt~s a multilist. TI und TI are tcrms 
which urc p:lfts lll' t!Jc h.h:naili~.:r. t\ .nultili!>l consists of key· 
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1 
tuhlcs nnd u muin hl•. t\ kcy-t¡¡hlc cunsish o( une record 
(or cuch kcy valuc: thc prup""Y P""" uf thc record• 

·contuln a liM uthln.:.'t" ¡;nJ "~li~l lcns!th. 1'h~ ~curch mcthod 
1"" tu fl11d thc lj,d. :uhb::-."1!" In lhc l>cy-uablu um.llhcn ~nrch 
lhruu~h lho 'luutc·.l lisl. Tloc tclricvul lcngth wlll be tho 
numbc.:r uf ~·ccc~!'la:~ lo lht.: kc:y tahlt.:~ plu~ thc ouml.Jcr of 
a~c~51ü.:$ h.l lth· 111ain tlh.:. 

Fi¡:urc 17111) illusrratc> "" lnvcrlcd li•l. An invcncd lbt 
COIII'IÍ)\b uf ~C}' liaUk:. unJ u main lile. Tlu.: rc~ult of 

sct~rchinl! '" u l;ry 1;1hh: i:. u rcc••a·J ~,.,f v¡uiuhlc lcn¡;lh which 
cunl>lin.-. :JII lhc :uhln.:.-.~c~;· nf thc r\:~vnh in IÍH: ll'aain file 
ha vine 'hpc-.:if¡~LJ ~.:y \lalul.!. Thc :o.c;.rcli ¡r,cth~)J is to find che 
rct:ord WJÜrCS!ooC~ in lhc kcy-tahlc): lhcn lllgicul funclions 
are compute...! in mcrnory. ;uul fllc r~maininu record ad~ 

Orcssc" me fuun¡J in ll1c main f1lto:. Thc rctricval1cncth will 
lhcn be lhc numhcr of :~ecc""' lo lhc kq lablcs plus lhc 
numbcr Of UCCC.i~C:i lO lhC 111ain file. 

Thcsc lisl structurcs cun~i~t IJf r.cf.;tnalc on~~idcntifi~r­
ca~c probl~ms-~chrchin!; in kcy·tablcs und :.;carchina in th" 
main file. Thcocfurc. il is pnssibic · 10 dcvclop u cosl 
funcl(on UhÍOU lli~ ~.une p;¡tOJ.ITh!lC:f5 as rut lhl! onc•idcntificr 
c:a:.c. 
f-1~ 18 d">eri:J,:;. !loe rnullilist und thc invcrlcd llsl in 
a Jatu Slrt1Clun: Jj;,¡;ralll. Thc accc:~ti paths un: drawn with 
tlottc:d linn. Fwru dala slructurcs of thc kinds sh0\\'11 in 
Figure IU •. it h; i·~~~iblc to construct ;~ny complcx data 
:.tructurc. unJ uny c.:i.lmplc),. d;¡ta st.ruciUrc can be decom­
poscd into sinople Jo,¡ 'tructurcs. ll should thcn he obvious 
th:.t u pt:rfurm;u, .. .: •m:alysifli of n rnulti~idcntifí\!r Cí1SC may 
l~ .PC•ÍDfflil,:d usiu¡_: tlu: SiillH! parumclcrs hS far the OOCa 

. G 

/·"·.K(y 
.8 

lll 

1111 

Relrlev~ll'(ccc~:; PJr.:.mclcn: 
Froquum:lca 

Hu1ri"-vo1l Lc:nuthl 

U"' ol COA~ 
u~~ ol CPU 

fll.: ~a~ounulcu: 

Num!)Cr ol 11 c~urJ' 

Hccord Volumu 

U lucio: Si1a 

Lo.ad Pct ~~eul 

VlJIUin.: ol /\ilo.iloiw .. tlo,l O,;toJ 

Aolrluv~l Ptocouctl 

.. 

l iill p . o anr.'.ul(:lt ~'w'••u:h ~;)CrilN • t'o~tli\.'lJf,¡.t Ac~uunlln~tkoulluo 

A¡Jurc I'J-t ·~fo:(\,.;;,. (1 .r ..... ..:ll'f\ tu t,;:lfry llUI ;¡ r.:rfurmancc llllAI)'JÍl 

ldcnliOcr ca,;c. Onc shoulol, howcvcr. nollcc lh:tllhc ncccu 
¡;;oth> of llie rctricvul prucc.scs havc lO be dc•cribcd, nnd 
lhallhc rctncvalicll¡!lh. In lhc rnuhi-idcn\IOcr cusc, IIUIY be 
•o .. rittcn ~...~: 

whcr~ 

u,·· lil< OH•Ilohcr of bloc!: uccc»<' causcJ by lhc rctrievnl' 
1: .;j• .• 

u, ... tJ.c ¡.,.r· :':.:r ofbloclí uccehes c~1uscJ by thc cstablish. 
w¡! • · . :;.:ionship:s 

Fil:yre !IJ 1"•. ~·, a s1Jmmary of thc ncccszmry paramctcn. 

CONCLUSION \ 

ll1 rhc p: .:vious ~ccti6w. a !11LJ1ti-lc"d d.;"sin,n procedurc (t>r 
dt.:si1:n \,r ;ilc ortani:.:.ation:. hats bc-:n dcvclopcd, Thc d(sisn 
pri.KCJU¡'•: Wit~ b~I5Cd uU UU inf¡,;,rmalÍUIJ UllUI)'sfS O( thc 
<!p~IÍcitliou S)'.)l'.!iH. Tlu: inilJ;·maüon now was describcd 
usinu tlr~ prin:..:ipk of hi~tardaical sy~lcms partilioning, Qnd 
t1ccc:sa;ary iufonawtiun w;¡.;; cxtnu:t..:d faom thc informalion 
;:uual~:.h;: 1 

• lic>cripti,m of objc~ls und oclation>hlps betwcen uh­
jc\:IS, 

• dc::.¡,;ripliun of perutan~nt ·mes. i.c., m~uagc typcs, 
" Jr:scription ~)r rdricval proces!)c.:5. 

Alouic .. l rnuud was now devclopcd In threc slcps: 

• thc mc":•co typcs of thc permancnt nles wcrc normnl· 
iz~d. ' 

9 u synthcsis of Jhe normulizcd mc•s:t¡¡c lypcs lnto u 
lc.lJJÍCal utoJcl WU:i mude, 

• !he modcl was rnodilicd In ordcr lo sntlsfy lhc rctrlcvlll 
rcquircmcnts. 

So fur no doclsions abuut uny DDMS huvc becn ma~e. 
Thc lnvicul "'"""' wus nuw modiOcd lO nt D panicular ·. 
DUM~ in u '"hi:sl pussiblc" way.l.c .. mD<IIfying lhc recunl 
luyn~ls ;md uhering tho ncccss paths. The record byoul · 
WU§ mmlili..:ll m01kin¡: a ~cl~ctiun b..:twccn duplicutc 'lurin~ 
of c.htta ur lhc ~J:.~.: uf a rcf..:í~.:u~t. •tnd thc lh:tc»' polths Wdt 

:tltcrctl hy ooo;o~ins >clc<tiou• bctwccn lisll und lnv~ncJ . 
lisis. 

Thcrcfúrc, ~ phy:;ic;oi roulil:ation In (uur &lcps wqs done, 
i.c.: 

• Chl)ÍCC uf MOl at:c :aruclurc, 
• phy~i~al lu!.."Hiiun uf 1hc n:c~,H,h, 
• implr.:rn~maliun uf ¡J,c rclaliüu:-.hips ba:lwccn lhc. r.:t:• 

OIÜ:a, 

• tlr.:lcrmin:ltion of lhc lile c.fimcnsíon. 



Thc lile dlni~nsiunlng wni done In cunneellun wilh D 
rcrformunce unalysi•. 

The d~slpn pruccdure oulllned In 1hl1 rupcr •1111 nccd• a. 
dctuiled d~seripliun uf lhc vnriuus lcwlo, nnd runhcr work 
has lo he <fun~ in lhis urcu. 

An cxpcri,•ncc during lhe W\lrk nfreudy dunc was lhc 
•lrong necd fur cumpulcr ¡,¡,.cd I<>OI• fur d<1cumcntina 
infurmaliun s1ruc1ur~s ele., und fur nnnlysl• uf DllMS· 
.chcm:l pcrfurmancc rruperlics. Thc hn•is f<lr "'eh D C<lm· 
pulcr·bnscd luul i> un nulum:tlie d••cumcnlnllun uf lhc 
infurmalion unnl)'sl•. Such ducumcnlnliun Kyslems ni•l 
1uday, fur cxumplc, CASCAOE, whlch wilh u fcw mlnur 
udju•lmcnu wuuld he w~ll lillcd f,tr lhis pUI'fl''""· A lrdn .. 
furma1iun uf lh~ upplkulion K)'slcm lnlu u lu!Zienl dula haliC 
modcl wlll he lhc n~xl slep. 11 •~cms lhul lhc melhod 
oullincd in lhis papcr mny be n uscful bnsls fur sueh a 
tran~formnlion ah;IJrithm. 

Conccminc lhc moditie111ion of the loglcnl modcl, an 
anal)'sis lool has lo be devclopcd. Wllh lhc infurmulion 

• 

. . 

documcnlcd lhruu¡!h thc unulyllia 1,1( lhr lljlplicutlun sylllcm 
11 secma poa•lhlc lo dcvci"P un urwlyaia -twl hu•ed L\I'On 
nclivily hclwccn thc rcconla. 

Flnully, lhc phy•lcnl rcullr~ttk•n usln¡¡ 11 purdcufur OBMS 
has lo be dunc. 11 accma thnl lhl• muy N dunc In conn.:e-
lh•n wilh u eumpulcrizcd rcrf<ll'mnncc nnuly•l•. · 

Consldcrlnp lh~ olwlou• poulhifhico uf UUivonitliÍIB lhc . 
d~si¡¡n pruccdurc, lhcrc sc~m~ lll he ~"'"' h~>rc uf 11chievin'~· 
B"""' rnull1 In lhiK urca In thc fulun:. 

.REF.ERENCES 

l. ('udd, H. P .. "Nornwll .... Duro Bu" Sl""'ure: A BrltfTutorlnl," 1971 
A('~t SI~J•r Wttrbh<'P, Dulu 0.•11·rl¡olh,., AtWII uod C'""llru/, cdhcd 
bJ E. P. Ct>dd und A. L. o,..,, 

2. Lans<lon. B .. Th<'<'HIIt'lll A .. /1,¡1 "/lllft...,.lh"' 111Jt«U, Thlrd Edl­
lkln, SIU!J.:nllilt~ratur. Lund. 1971. 

J. Brorb<rg .. narn. Hllf•llld, wu.: "I'IIIJII.- 1111 durallaMr.~ 

·• • 

.· 



DIVISION DE EDUCACION CONTINUA 
FACULTAD DE INGENIER/A U.N.A.M. 

VISE~O VE BASES VE VATOS 

A R T 1 C U L O 
THE 'TEMPORAL VIMENSION IN INFORMATION MOVELING 

EXPOSITOR: 

Ing. Van¡et R~o~ Ze4tuche 

MAVO, 1985 

Palacio do Mlnorla Callo do Tacuba 5 primor piso Delog. Cuauhtem.;'c- Mhlco, D.F. Tol.: 52H0·20 Apdo. Poatol M·2285 



ARSTRI.CT 
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Thc problem of dcalinc wilh limt-v:arying a.o;~tion." or rcl.1tion~ips in con«plla.31 infOf'mation 
muddinJ is n:unincd. A cona:p.cu:al hamewort whuc time is Ucatcd in an unrcstrictcd fuh10n is 
i.tU.toilU«d. Thc bin.:aiJ and a-ary rebti<HW modetin¡ approcbcs are atwn diKu1.'Cd frum this point 
ol wicw. Aho lbc paper commenll on sorne appr~ha •hida lncludc lime as a buic conccpc. la 
tbeir fnmeworks. h b cond~X!ed 1ha1, whcn deti¡nia¡ a conup~ tchema. a limt-unrestricted 
desi¡a tnel shovld precede lhe spc:cirtcation ora Íinitc, timc-rntrktcd tooccptua1 schcm:a.. 

1 INl RODUCTIOH 

AC'C'Or~in¡; lo lhc ANSI/Xl/SPARC studJ ¡;roup (AXl-1SA) thc 'conaph•al Khcma' dncrihn a 
limited lrutñctCd) cOnceptual modcl of (p:ut·s Of) aht~rc.al-world CRW). Tbis rnodclls m.ountaincd 

for all appiLutiona. Whilr sewcral modcl" for 1~ conceptual '-Cherna b,aw11: beco suu~s•cd. "Cf'J 
few h.a•c paid ancntion to thc problc:m ltow to IJtlirm~aic~IIJ ckW¡n sucb a Khcnu. 1• lhls p~pcr 
wt: wiO ool dirccUJ and npliciiiJ address Lhc pro..:ess of dcs.i¡nin& and dcfinin¡ a COEK:cpt~o¡aJ 
acbcma. Jm~ead. wc wiU dUcuu moclclin& al lhc conccptu.al lncl and paJ panicu!ar au.cntioa to 
lhc prob&em ot d.ealin¡ witb UtrW·WU)'ÚII as»elaJiotu. Thit is a highiJ rclcnnl LopK: io modclin& 
a.D RW a)"Stema u DO l)'stcm C.D be consH!cred u uatic.. B7 •'"PO'GI 4ft-.6U. a-e denote Uwt 

. 9.3 

,..,.nnu;o/01'1: A lQflrlu.1Jon is on o•~rtion which con be pmn-n (dfllur't·d) lrw (1ft tM hatk of' 
lnfnrm::ttiun oOOul Cli!llin,g cnnts ond ddincl ~cduction ruln. Con'\CqucnliJ. 1!\tt)' 

condu,ion ls a~iatcd with al lca-.t onc time point or lntenel • thc ti~ ._.hcn 1he rondv­
•lon wo• drnwn. 

Tirnr: Rcl:.~tinn~hip~ l!nd •'~i:raion!l in thc real world da htqucnlly chanp • So do tht- sd 

or participatinf: rclevnnt cntilics. 11 1~ nccr~o:ary that lhcR prorcn~s an: J.h·cn nplirit 
considcr11tion in the ahsttocl mod.:l Thc cnncrpt of llmr lJ thctdon: fund:.mentaf In tht­

~a\m of ronc-tptual modcb. Thit ba!l bcen carltcr ~~niJ.Cd by sorne rcKort'hcn In lhc 
aru or lnronnatlon modcling (s.e-e for cumple (LAN-66A);(SUN-73Al. CDEN·76Aland 
(FAL·7SA)) and l!lso by 11 fcw authorJ In lhe f~ld ot arliftdallntttli¡:t:nre ( for·tr.:amplr 
(KAN·15A)). In our ebo;trnct nmJdinr. fr.~m~work.timc-phaystwo kind!l or rotn: uJrituk 
and lntrilt.!k {tf als:o (YOU-!'iRA)). Thc cxtrlnsie time l:s the time ..-M,. a particular 
eutrtlnn 1!1 m:.dr or toneluo;;ion is drn•·n.. Whether thls tlrm rdationship b uplidliJ 
Jtt0Fni7.ed or not b 6IM~'t. (>.tUn. lptrin.,ic time pi:.J'IIII role U ¡n.rt ol thc dcfinltion of an 
aS"i:nd::~tion typr, l.r. lt con~titulcs p:arts of 11'1 "tnranin¡r: .. A__.A anoclallnn l)'pr mayor ma7 
nut cnnt:aio lntrin~~:k: time rompontnl!l. Cnnsidcr thc followln¡ cumpln: wc draw a 

ronclu"ion at time 11 : TIIE OUANTITY ON llANO OF ARTICLE XY7. ts 41. Hcrt t 1 ls 
cs:trinlOic. Ncxt, ronsklrrthc auertion 11111 ::thnulthc aha.-e rondu'lion. ~ > 11 : AT 11 ntE 
OUANTITY ON llANO OF ARTICLE XYZIS 41. Olxcrve lhAI thc l.t.ttrr b truc fo:- aii 
rxlrinslc ~ > 11 and that t, hns now 'mo,.cd to on inlrinslc: role'. Consrqucntly,lt •·111 abo 
move toan lntrinsic role ir wr as!lcn at IJ > ~ the aucnlon about lhr fint rondusion ttc. la 
ligbt or this we aee thatlnfonnotion ahout event:s un be sern as •~nMnu abot as'IOclatkmt 
(describin¡ the nent). whrrr tht- c\'erit occurrence or DhRf"'alion airm hat moved tO an 
latrinsic role. In our abstreet mmlel of sorne ;applicalion wc •111 RonnaUJ biavc: bolh 
as."«iatinn• auertions about whitb do or do. not depcnd oa thc catrinslc aut"rtlon IÜH. 
Th~ which do not depcnd on time n:prto:ent 'sublc lact~" or abservations In ou.r model 
where an lntrinslc time rclation lmplidtl)' or ~•plkltly alwo)'ll b ptnenL 

1 
An ahstract mndel .ls dcslg.nrd hy lntcp-allnJ known ancl antkipate'd lnformation rcqulrcmrntt 
frorn S)'stt'm owncrs and ,oc~1· USC'rl (lmD· 76A). Tbc desiga procna Implica abtttllC'tJon of &he 

· ~objcct system and d:~ssiOco.tion or entlties. cvtftll and auoc:latlo111 lnto clan.es and typn.. 
'f:?ncrlptlnn o( thc AM airo lndudt'S ltatemt"nl of a:doms eonecrn1n& drpeodendt-1 .condstcM}' 
and comptetencsa or the ebove rncntioned components of lhc modeL 11 b dtdtabÍe that ttm 
descriptlon or lhc .~tnact modcll= non~procedural. 1 

Thc 'slatc• of an abstra.ct model (or aMtrac:t 11111e (BlV76A)) at ttl'lv 1 h by manJ autbon 
eon:ridrrN lo eonsist of tho.e en!ltlrs which al 1 "ral5r In lhe AM and those u.&Ciei&tloru •hich at 
1 are "'-· The IM:s and the DM:1 •re then de-sip:ncd lo malntala a COf1'CCt current abstn~cl ~tate. 
Thi• 'storagc and currtnl tlm~-tlicc oricnted" •" l:uds. alreadJ 1lthc1bstract kYel, lo ln~nton/ 
detrtlon /updatln¡ problerns and reatrict1 tho modd'a abWt7 lo nolve as aew lnfonnatloa 
~Cqu.inmenllla IM ob}eciJ}'atem artse. Our genen! notioft of aa obctrac1 modcl cu be lnlo.-m.diJ 
des..."''"'beda .. 

Aa t~b.ttract mOdtl. ú. ~ nott·.tkcNtJillft ur of r:w~rtii/IIU dt~td os..,.,.,., D m ·af 
~tllM rwla t~nt/. 11.# ut o/ ~ltu/Dft.l tlr« e'rl1f N 4hnwt ahovl flfiiiO' ttñztmct cll4 

.-lall""' ~ dU '>'"'"' ,.¡,,._, l/m4z (IWIMk, ~~-:-'"'~ ( 

. ....,..·. ... 
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ti~ aS~ct of concrptuallnformallon modds of RW s~tm!: and wc wlll di~u'-'- hnw lime is 
tru1rd, or ~IM be lrnted,ln nrlous conaptual modclinc, appmxhea. 

-· ' . 
Dulln¡ wilh d)'namic l)'&n:mJ 11 1 common problcm In cn¡IMCrln¡ and adence. Tbc bc:havior of 
systrms b conaptuallr moddtd by aets of tquations whcrc tlnie plays a fundamental role aa ea 
indcpcodtnl variablt, Nurnerical trcatmcnt o( thuc cquations rcqulres, howcvcr, thai wc 
t.n.nsfonn thc modc:l to a 'd"tKnte ene whic:h only consldcn a Onitc ~t:l of point1 on tbc time ult.. 
Wc thus studythe statt of ti!~ l):.rttm 111 \IQriOWI poúru In tinw and wc may, For computational 
reaums, hep a "hlstor1" of a act ~f modclllatca l1 dirfc~nt time points In the llmhed rornputa· 
l1onalstor2p. _ t \ 

Moddln¡ of adminl1itta1iYC systcms h., sJ.mnarltiea wilh mathcmattcal moddin,: of phy•leal. 
sy~trm'l. Thc diffcrcna:s are thal ;n adminl,tnlin sy,;tem.' we have to dcal wllh lar,e and &lronJ,IJ 

varyinf: sets or entitles and lhat severa! aspecta of thc bc:h..,.ior of 11\ese IJ!Iltmoc a~ dirr1C'ull to 
approlimatc by tradition•l mathcm.atlcal tqualloM. ·flowevcr, in both c:aocts we wloch lo malntain a 
conce-ptual model of SOmt aystcfu of lntcrest. Wbilc malbc:m&tici.ól~s h::avc appro::acl\ni the 
modclin¡ problcm from "Thc: exlitin¡ mathcmatical lramtwork, "inrormation scic:nlists' han: 
approached conceptual rnodeli~J of ori~nisa11ons and administrallvc systerns: fro¡n a 
'computational tramcwork' whic:h lnltiaOy was "inspirc:d' and restric:tcd by calsting computing and 
stou¡c machines and c:onccpLJ ((or tumpk: stqucntial tape: proccuin¡: muhlncl). Evcn today 
our computalional res~urecl are ~ unlimittd: This fact hn ckarly inOucncéd thc: dc:YC:kJpmcnt ol 
ronuptual modclin¡ concc:pts ror ·data base applic:atioftL The ANSliXJ/SPARC Rport (AX3· 
1.SA). for lnstance, dcab ln lhe · C'tlrtnplutll. Mt:Jim ..,¡1}, conccpts s~~th u ton~ptUIIII fldt!s, 

'· coftffptutll I"'III'S. c011~1!:!..•d rH>Drrll 1111d ~n"n (nol nc:ccuarily malcrialiud). Thls ahould 
indicau: thc atudy 1rour'• vlew of ~ eonccph&al modd u a finitc and diliCrele data mac:hinc. WhDo 
thcn: are a rew e:aceptlons, most other conc:cpt~al modc:lin¡ approaches bavc adopted thh Yft. 

; 

In this papcr wc wUI lhen:tore st~dj bow aM temporal dirMns.Joa can be lncorporatcd al thc 
. 'conceptual kvcland surw7 how sO;mc tarlicr"i.pProac:hu have dcalt with this problem. At the cM 

we wi11 dis.cuu. some conseqoe.nc:u o[ flot c:Onskkrin~t thc lcmpon) dimensSon at the canceptual 
modtlina lcvcl In our discouJons 'we. wWJor.lltustralion., use lUlo CJ:tnmeiJ •imple cumple whlc:b 
can be Ktn as a pan ,., an l .. w:na.M, maaalftñent appUeadon caae. In apile ol' h.J limpUcity, lhc 
... ~.~ a .,encral enou11b lo Wumlfta.te problans of dealin¡ wllb time al lhe conceptual iewcl 
Fint.howcwcr, wc wili outlinc a r~amcwortiWhlch lndudca the lime dlmensloa aad whlcta abo 

• 1 
(adlitaiC'I a comparisoa of Y&riOUJ modelin¡ approac:ha, 

j 

2 A BASIC CONCEPTlJAL FRAMEWORX 

In this sectlon a btid onrvicw ol our buk: tramewcwk ud ka ..m nahol wlD be aiftA. 
delaUcd dueriptlon la hl pn:paralloa (BUB-76C). 

·1 • 
The riomewoñ conslden .... lollowlo¡ ~' 1 
,~J . . . .~. . . 

The ,..¡., · ,...,;,¡RW)~Whleti b.dJoo ~ __." or obJ«< - ¡os¡. 
·._ · . .;:- . .. ...,. \ 

1 ; . ";11. 
""':". 

•. 

A...,.. 

• 

,. 
' i 
:¡ ,, 

TIIL TrHPOML DIHLIISION IN INI"O~I:ATIOII 1\0DELING 

Thc tT,ffrptllttf ,.cJc-1 realm, whi[h cnn111ins notlom or tM. obJtrctct cnodcl (AMJ and the 

infnmtatimt mndel (IM). 

1bt dtlralo~iedl. n:.1lm.•·hich inelu..Jc, notiom of d~Jto ltr&H:turt (0M) and JIOrGif Jtruri'W:fl' 

rnnt.lclin¡:. (SM_). 

Thc fr:;~mework abo includu dc:s.criptions o[ tht~ modds and lht dcsiJR prot'CIIn (map('tnp) 
hom une rnlm (leve!) lo the ncllil 1owC"r· realm. A parlltular mcthod ol fnformation Of data 

modelln8 ll mo~ or 1cn upllcitly conccrru:d with aU thcse rtalms.de~eriptlons and pi"OC'CSSCI. 

Most mdhods, bowner, (ocus lhdr allc:ntion lO techniq~s for dcfinition and n:prescntalioa or 
_informalion modcls or data struc.tun: modds. Jt is obvious. also.lhat tbt use or • particular 

tc:chnlqOC" stron81y_ln0utnt'CS thc waythc m~pping/design proca:sa aboY'C are c:arrlf'd out. Le. tbC' 

way modc:ls al dirfcn:nl kvcb are dcwlopc-d. 

Thc: su~¡::ntC'd framewoft rcllts, to D con,idc:rahl;c- utcnl. on an lnlt~ratlon of notlonsand conC"tpll 

for lnrormation rnodc1íng suue"sted carlic-r by tM author h« for c:r.ample (BUB-73C), (BUS· 

76A)) and othcn hcc: refcn:n~ list). The most lmponant of thcm ls. ~ bc:licve. thc: considcu· 

tlon ol lhc tim~ dimmJIOif In abstrae\ information modcllinJ W~t&ntcd bJ Langdora (l.AN· 

66A). 1bc conceptual .Cparation of absmm modcb and ln/MfnDiitlll modcb • or ln.fonnation 

modtlin& b.n,:ua{!tS- as CUg!\csttd in (BIL-76A)- hu also hclpcd to clari(J ttrtain conttptu.al 

issueL Thc time dimcndon ln particular, as will be Jhown. faa1Uatc:J a non-prcxedunl and ka 

rcstrirted treatmrnt and ducription or modcls at thc conaptualabstraC\ and infonnattoa modclin& 
k vela. 

Thc author would like to litrc:ss that tht 11u¡;gested fnamcwork does 1K)t clalm \o con.stltu\C a 

eornplttC" •tool-bo:.' ror lnfonnation modeling.. Thc: m.ain purpote of prnt:ntln¡. ende outUne of 

lt In this p:¡pcr b lhatll facilitates a dis.C"US.\ÍOft or cc:rta1n modclifta bs\ICL . 

1ñe ftal....-orld rnlm 

Thc rJ,jnr I)IS'trm oran lnrormation s1stc:rn and 11• data base b the part of tbc rcaJ-world wbkb ta 
relcvant to 1 par11cular app1icO&tlon problcm. Thu!!:. thc: proce~~ ot dcnniD¡ tbe nlevanl OS la 

naentlally a J}"Stmt anab'zlt tmd lÑ$I&n actMtr whlch lnc:ludea 

•tudy or the actual orpnintlon'a JO•Is. objcctiW"Cs and potidel 
study and/or dc1\gn of openations, nowli(malerial or lnforrcatkm) and dec:blon proceaa. 
1tudy ol' tht orp.nlsatlonsinlcrac:tion with Ita ccvironmcat 

dctcrminafton or lnf«mation needt and rcquirc:mcnu 

9S 

atudj ot lhe lnronnation systc:m'a 'aoc!o-1~ propcrtles and consequencca 
spcc:tnc.aaloa or aoall,objeetives and rcquiremenu eonccm1n¡ thc lnformatioa IJ'dnD 
locludln¡lu data base (induding a llatcmenl of dcslp c:rhc:rla) cte. 

kveral &c:chnlq~~e~ and methoda lor ca,:,ln¡ Out and documcaUa¡ &hac Ktlvltla bave beCa.. ·• 

publGhed (tea f« cnaiple (CGR-74A) ror aa. c:u:eUcat 1WY'1'7&Dd (LAN·74C) fot a pocnl 
lro-). IIIÍ. howoYer, bqooad the- ol liW papet to _, _hl detall . .........., lhia rubo.. . .. : .. 

·~. :" .. :.~ .. 

-- • • -----·--· -'·' -·--
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For lnstantt. 1 rondu,ion dta'Wn al tlmr- 1 1 mJ\y not he pnAAihlr to dnw atlime 1
1

, w~rc ,, > t,. 
hut lhC' C.C1 lhal it eould he dnwn 11 t 1 m11y tllll ~ of lmponanct" lo th~ prnhkm. We wlll 

auempl to ei&hoult t;,is nniion In connection wíth an nample in lhe nc:u RCÜon of chis paper. u 
rs dnirable \h&l the dC"scriptkm o( an .1bstract tnodc:l is non--p~ur..l. 

In lhe ahslrad ruim we have focu~ed our anention to tht •uh11~~ n( thc mndd, Le. whlch 

entilic·•. 1~'-'Kiallons and ewnls to consider and thcir relation~hi~ and ck-rc:nckr~o~.:in. In·~~­
ment wi.th (RIL·7hA).(CIIN-75A) and {S~N-73AJ we- mn..,Jdcr the lnfnrmallnn nHxh.-1 n:-alm 1111 

an emph11"h on n"f"TlntlalirM and u~r-rden:ndn¡r.. ln"thll tl:rJ!rtwe ha~ lo decide how the uou:r 

shollld rder lo the Yariou' e_omponena o( the model. The _only woy humal\l can do thb; b hy lhe 
uw o( rJDnw:. Wc bliVe hcrt lo d~ide how lo rder to Individual anides, wareholKea, pc~ns. 
toloun etc. We al'-0 need IJq:r·inronnative IUimeJ: rnr rono:pt classrs, D.'LVJCiation types. roles ele. 

Furthrrmorc. h is ohen the c.ase that _lhr umc cntlty can he rdcrtnccd hy Jlevc:rÍII diUerc:nl 

refrre~ c~opre·niuru: comrosed ol esternal names. Wc do, In this paper, noltake any ~llJon fot 
• panicular lorm:al bn~uage ror lhil PUI"J"I'O$e but eoftclude lhat lhc rderencc mues h.aTC lo be 
aolvr-d allhis lncl Wc stress again lhal. at this kYCl, data-ctrvetwin¡t •.nd accessin¡: problems are 
IKII conaidcred.. 

Thc- di,tincliun bctwcen thr abstr.~cl rcalm and' thc lnrormation realm may not be cuy lo m:~ke In 1 
practica! dniJ!n situation beca use lhe only ••y U'\crs can rdc:rc:n« romponenu of a modd is by 
lht ~e or na mes •·hic~ \tand lor Care 1 :l·rcl:ated lo) "known· conctpt.• In nur dkcnuBC. As namea 
al!~.o musl be tonsldrred as cntiticl, the rdcrc:ncin¡ problcms wlll normally also lnOuence our 
aM.tr.aC1 modtl de.slgn. Fot instan«, the decision_to rder lo a pcrson by his namc,bir1h-<late and 
birth·timt or by his toc~l S«urity numhc:r mar tmply two difrrrcnt abstract modeb and dirferent 
stt·ups of conctpa. We do. howner, m:aint:ain the position lhal t~ dcsign and drOnhion or an 
llbJttan modcl ~n.nsentiaRy be done without particular con,ideration 10 rcCercndng and namln¡ 
prohlcms,. l.c. withoul lht lntroduction or !loClS of u.temal, uscr-lnformati~ namn. 

1 

Uhimlltly, deflnin¡ an lnfnrmallon tñode) tvc haTC lo declcle by whkh lypes of lnrormalion 
oh}t..:ts or functlon• to rc:prncnt t~nt and ronchWun types or out mocJc:L An lnrormation ~bject 
han rnthy whlcb is fully bascd on and ckscrihaMe hy utemal namcs. lnformatlon objects wbich 
rcpreaent cvenu are dcnoted stat~tn-n. A. Slatemenl. once lssuai, nevcr bcc:nmes Calsc u 11 

rcprncnt& the occu~nec oC an CV"CnL A. coricl'"lon. drawn al time t.. can be 'materiara:ed" by aa 
infnnnation ohjeeL 11 nn he IC'CD as a 'theontlc:al ol»ervatlon• (derlvstton) o1 ovr J:nOdd and u 
such ronsldercd •• an e~nl rrprcsc:ntable by a 11a1emenL At for evtn\1, we mar di&tin¡ulab 
bc:lwern externa! and lnternal llalc·ment&. Thc probleni ol 'ronclu..lon tnatcrfallz.atloa' b a eenllaJ 
luue di-u:u.uin¡ thc ~mpor.al dimen~ We will n:lum lo ltln &ed.Jon J. 

Accol-din¡ lo our riew, MW auaementa infonbiRJ a.bout ntemal c•ents ln lhe objccllptcm. are. 
con.ccptualJJ ,ruerted' In t.be mndeJ al time poinl.l • -.~1, a. • la.•• _cte. Let us denote bf 

S{l) lhc flniLI: JCI ol aatcroalttataneata la an laformallon modet a& timol. 

A(tlo.J 
·, 

thr MI of conehrslons lhat can be dra~ at l. (on the batll o( S(tJ aod .afvco 
lnferl"noe ruJea~ C:O!\Cenlla¡-rcJevanl ..God_!lJOCI -'s(l) of oar modd for a1l ldevanl; · ....... 

, 
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"Tbe org:anisation's (or phy~ictl ty,;tem's - in an engineering type application) dat11. bue will 
ulti:nctdy carry lnlorma.tion. n:prTsrnted by data. about an Gbstrocf moJI'/ o( t~ or¡anlsatkJn 

(resp. the phy•icalsystem). Tht following are our bule notlom of lllb rc:alm: 

• 

• 

• 

• 

• 

• 

Enlil)': an unddinrd coneept. but which has bccn surficicnlly wen lnfonnally and inlluitive­
ly desaibcd by othen Uor cumple (CYL-6lA)). lnidall)', our real-world and objcct 

1ystrm discounc consisu of an unclauificd, vtryln¡ sct of ob,jttts (concrcl.t or abtlt.ract). 
These CO'rnspond toa ¡;ct E or entltles In our abRract model. • 

Prvprrty: an undcflned eoncept. but we coru:ider propertier as a tuhsct oC E • our dixounc 
ol cnlltin. · 

Ctmr:rpl tlt:$1: a eonccpt cÍn:s C 1 h a tubset of E, such thtt all rntltkt ol C 1 ha~ one 
propcrtJ ln cnmmon. Thls k the de{U.in& proprrl)' olthal conccpt eiUL Cnncept cb~ 

may be non--disjolnt. 

As.JHitHiott: an asowclatlnn iJ: a wc:ll dcfined tclat~nshlp betwecn • flnl_~e number oJ enthies. 
wherr racb cndty pl.ays a well ddined mk fpmsfbly multiplc roks). lñls rclatlonshJp can.. 
conctptually. bold for lhn~ lrucrvals or only Cor disc~te points In tlmr: Aasodati~ wltb 
lht u me mesning. bul conc-emln¡ dirrcrcnt scll o( cntities., constitut.t an onoc-ltJtiotl IJ1W. h 

U. defined by A¡(r1:C11 ;r2:C12: -- :r.c .. l, where -'t denotes thc associatior:~ type, r1 thc roles 
and Ca dcnotn conccpl c-lasses. ln some simple: cuct thc rolct: an: obvlous and can· be·left 

out. 

E'Wftt: an nenl i5 an obscrvation or dt"Cision In tM objec:t I)'Strm'at t1me 1 olthc ~i,nirtt. 
rnJilf& or ·«01'""" or 10mc anoc:lollon ddlmd ln out modcl. h h undrrstood lhat an 
evcnt ts alwayt rcleted to a lime p;lnt or lntenal • Ita occvrnnce or obscnadon t_lrnc. 
Furthtrmorc. we can distln¡ulth bctween n,n,.,l cvenll and it41~1 e~nu. Bolh are 
parts or our modd bul e:.tcrn•l...even~. ,ie oo the boandary' oC or sys:tem and caa onJr be 
-~ .. ~ .. .._~~~o.a-~::~t:..;.:_.líoi'Cl"&out huemal eventl c:.n be lheorellcaliJ (tometlmea approd-­
matCly) derived and posslbly al50 rm-•tund M obuor"YC"d In lhe objeet ay1ttm. Ñ we callo 
an. thr dlstincUon bct..-~n thcm depends on whcre wc bavc clrawn thf: ebstract modd't 
boundatJ. Evenla nn be &rigercd by ..-... naernal evcntt ouuJde lhe CODtrol of lbo 
lnformaUon ¡ystem or b)' catcrnal cftnaA In c:ombinat'un wlth lnformaUon about thc actaal 

· lt&tc o( thc modeL 

An~rllott:" At any tlme 1 we án aum that 1 particular .auodaUon bokls, Lt. h trw. 11tua. 3-:¡. 
Cvcf, aucrtlon le rclalcd to 11& ruMrllon tiiiW .t. Tbe ex.pt"Ha\oa A.U)(r1:c,.; ... ;r.:c..). • 
Whe-1"0 Cu f C11 b ~lher trwl Of fafll (Ot poufbjy undcnncd, f eL U'IOCDC Of l1a compoDCiru$ 
c., do not exbt olt). Buic&Ui. and ~kl:ny. ~oro bltcre&ted malnl7ln true UJCrtloaa. . 

. 
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·lf A(t ltol h: a.o:~umcd no' lo chan~e in thc interYJII1 $ lo< 1,.1 ,lh~n wt ha\'C' dc-\irntd • 'stt·r-ise 
ch:an~inJ!' rnodd or cur ohjecl •yslcm. Th~ s.rrms lo h:: lhc: norm&l ca~ ror mnst a<lministratin 
typ:: lnfnr;:;;a:.-:.n "'f"l~i:l mC..::;.:b.· :o. ::o:s ca·.;;. ::•r !irr..: ;..;;:r.l~; t1 n:-¡:;n::"lll 'stalc ch.an<tn' and 
A 0111) dcl\Ctil'>es thr C1.irrcr.l cys1em s.tur al ti m~ polnlllr We will vb\cnc, hO'<'·cvcr. 1h.l1 IC'\~ral 
'"rt:lcm Yariablcs' ca~not 'uoe1ly" be modclc:d in lhi• w:~y. for Instan~ the moving aven1c s.a.Jn 
qua:nity rnr on inv=nto:} ltem C'h:~n~cs. lrom C.. 10 {t, + dl) e~n wllhou¡t ha!ing new ctalcmcnts 
lntrodua.d in lhic interul. 

Thl!' dataJo¡~lt71 r'!'ahn 

Thl!i rc<~lm ls atoen In fncu1 on lmplcmcr.tation. opcradano.l and erttc~ncr prohk-m1 of an lnforma­
tlon nultlcl. 11 t'Orrto:pondo: tn lhC' Jtrirt¡:. t"ru Alinx and p/IJ"'klll Jrrlu lncb as 'derint"d ln 
(SF.N-73Al. The types of dnif=n dcC'i!dono: lh:al havc 1n br rnadc «UJ:j:Uls lwo subrc:alms: onc 
wh«e onc: c.\"U."nlbiiJ dcah with dala 1trur:1urin¡ and onc whcrr 11or.a~c :~Uontlon end.1ay-oul 
probkan are In focus. 

Tht" t!aUJ...structurc- moJt"' rt'Dinr 

Thc cnnCTptual rcalm 1~ eo:!l:rntblly un--conCTrncd with procedural prO('t'S~Ing ~nd dtltkncy n~un 
of the lnfonnatlon cptem ar the data ba<e:. Thc lnrorm.ation modcl's nmt'C'ptua1 YiC"w on lnfonna· 
lion can thcrdore be. somcwhat minlcadin¡ly • 1aid lo prc~umc a 'machine' wilh lnnnite mcmory 
and lnlinlle ~In¡ Jtpecds. 

Whcn dcsi¡:nin¡t a dota modcl ( oftcn h..,~d on and rc•urictcd..,. somc a,·ail:r.blc DnMS (Data But 
Jr-bnnJ:cmeDt System) - e datG • mochitv • and 11, c.ap:abilitin) thc~ 'pnclkal' issuet (finitc 
memory and Onitc spccd.s} m~l he c:on!roide~d. Thj:l¡ impltcs ... rmt of' aD- rhat 'llll'c from a practica! 
poinl of \·'cw wm nol be ablc" to k"p lr-ack of .u "hlnorieat stalemcnts' ( ror uamplc 
'transaC'Iions') ahaut cvcnts si¡nal1in¡fcntily associations In lhe OS. NonnaiJy dcdsloru arr aude­
lo chher shortcn Clf aurt~atc lht "hiatory' or lo di\Card thc llatemcnu and lo maintain only the 
•cuncnt• (rt':ad: al fat 1Z1 t.hc aystcm knowa "' lht" ltz$1 A:MIJifl] slaM (111:1 of concludonJ) ol lhe 
.\M.·' Wben a llatcmcnt, al¡nallin¡ an evcnc In thc OS, arriv:s ,thls ¡lns rise to • poulbiJ' 
complicated - data ln~oenlon. dticticr. and 1.1pdulin¡: cJ)'tratlom In tbe dala modet In order lO 
malntaln the modcls '11a1c' can~btcnt and 'up-to-date•. 

Thut., a úta rnorlt>l U t"'OtaptuaUr br:unl orr tlr' notiDII of C1 'M«AJc• MM /ütil, 61twrq' 

alflll /ltthl opn-tJ~Ift& t?«dJ.. 

Major ~lona., decl¡nin¡ a data modcl. concera 

Uow lO rcpn:sent atattmcnts and ronclusiom bJ data Uructurn? 
How lo ¡roup (cluster) and Unk data for crrtcient acccss and proceuin¡T 

99 

• · Wbich atatemenll and conclusions lo atan upUchty m lhc linite memof)' and wbkft 10 
d--.• dart: u derivable • by a machlnt with f'ini•.c apc-cdJ... wl.c:n Wr a;c: n::f~nccd"? • ... 
How •tetuar ot conalslcDt lo malntaln the caplidll7 atM"ed tnronnatloD aboal llatomcnta 
u- ·duJou, whkb coodlllont to appiJ ror lrl¡¡orla~ ll&le upd.atin, .-c1 
e ~ 

., _:: 

·--· 

liJO JAIHS A. RliRI:NrO JP 

01 rounc, othrt h:'l.vcs. such as data prottclion, us.cr convcnkncc and C:W~oe-of-u~. l)'llcm 

avaibbility. and maintainahiliiJ rnu'l.l al'\0 ~ C'TifiWcm:f. Whilc lhc dala ~f'"UI,;Iurc p~n ni a dotla 

modtl r~n he ck'<TiN:d in non-prOC"C"dur;:J IC!lnl ,lhc complete ckllCfiption DI" a. dala mndcl 

nonnaiiJ includcs ,.,.-ooedurc:c fnf Íll Opt"ratiotJ and maintC'na.ncc. 

1M #OI"tJ$' ~, 

Tht stora[:c modcl is conccrncd wirh lrnpk~ntation and atoragc a11ocat~n cktaill of a panicular 
rl•ta moócl and has to ron\ldcr Jn runhcr detall, dlicirncy and apcnllional problcms. A decper 

discusslon of llOtlgt models l1 ~yond the scopc af lhls paper. 

' 
3 DISCUSSIONS AROUND AN EXAMPLE 

In this Kction an nample wUI be provlded whh:h both partly lnu!!ltat.c:s our frarMwort al thc 
almract modelln¡ lncl and &ei'\'C"J as a buls for euminJn¡lhc tcrnpnnl aqKX1 of lnfoi-ma\Jon 

modellna. 

Suppose wc arr eonccrncd wHh (nvcntol'}' man•J!cmcnl of Grtkks whkh cach are anilablc al 
dillen-nl ~luntw~. Wc are inlc:rcstcd In kccphig t.rack of availablc: qu~mtilirs-Dft·llwul (qoh) 

both 'per anklc' and •pcr. anide pcr warchousc'. Ennta In lhc objrtt 1ystem, which affcct this 

lnrcrmation. are vendar ÚJ/ptrtMt~ and tkliwrin to cvstomeB. Vcndon and cu~nomc:n u cudl 
are oubidc our aphcrt: ol lntercaL 1llc7 Ue outsidc our a:yttcm'• 'bouadl.l"J'•. wc anume. Let us 
hltroduce thc tollowin¡ concept dassca (or cnliiJ aell): 

/ 

A lr'lide I)'PC'S. ot ~nicles ror short 

W : warrhousn 
... O quantidca 

,. 

whlch corrscpond to propcrty conccplt "bclnJ u ardclc". "bclns a. warchowc• and "bcln¡ e 

qganlftJ", ThC' raUowing assoc:ladon IJpcl rtllcct OUI' lnformallon requh~~nl&. WC IlUDIDO 

AOOH!A.O) 
AWQOH(A.W.Q) 

whcre AOOH dc:notc1 'quantlty on hand of' artltlc' and AWOOH ckootcs 'quanlllJ on hand ot 
artiC'Ic in warchouce•. Aucrtlonl conccmln¡ both assoclallont are. accordin¡ lO our rramework. 

usoda~cd witb an cxtrindc ~imc rclrrfnco. The rola playcd b)' mtmben or lhe conccpt daaca 

A..W andO In thN auotlatlona are obvioaa .TM,. are lhcrcfore lef1 oat. Mcmhcn of 1 c:onc:cpl 

dut wfU be denoted by Jmatl kllC1'1 1.¡. a i Á." t W.. q • Q. AD auert5on AQOH(t)f" " I1W 

: wc caa condUd. or obterw lhll the~ ·~"lime l exlst- q WlltJ In lnvenlorJ or artlclt ... 



,, 

In this mt«l WC' a}.Q fntrnduu two c~nl 1ypn whkh cona:m nh'<'l"\aiKm of •hi¡lltW'fl r"""t 
(SIIIP) and dl'li'rr'ry ""'t.s (DEL) at1imc points 1, 

o:SIIIP{l1)(A,W.Oi 
o:DEL(t

1
)(A,W.Q) 

Gnphic.ally, nur r;impk conttptu.al modd an he rcprr~~tntcd as in fisure 1 . As we wm pi"'!'Senl 
~even.l ~! ahematives for lbb aample problcm we denote •his by altcrnative A.. 

assnclation ty~~· 

os-ev~nta vhtch 
arr ect AWQOih 

orSHIPitii(A,W,OJ 
orDf.LftiiiA,w,ot 

Figure 1 
Modcl allemativ: A 

Wc ohserw that AOOII and A WQOH change al lime polnlJ a. dltiatcd bJ thc o«urrcnce of 
OS-:evcnu. la tbls modtt.fnfonnatlon ahout lhe SHIP and DEL cvcnu d1rttt1)' aUn:t the essocia­
tkJM nl type A.WOOU and lndlrKtly AOOlL The ronnwtntt eqoatlon and maditlO'a must hold fa:r 
atlllmcs, warchou5ea and artidc• in h1w:ntorJ: 

(Yt)(Ya)(Vw)J AWQOH(t)(a,w,.) • 

1 %.," o:SHIP(11}1a,w .. ) -1:111, o:DEUt1)(a,w .. ) 1 :t: o J 

11 

Hcre wc u!c tbc notadon AWOOII(t)(a.w .. ) too~ 1 q: AWOOII(t){a,w.q) ). Tbis condidoo 
puta a reslriction on fusible DEL-evcnts : at no lime caft wc ddlvc-r more lhan wt: have lo 
tnvcntory al a paticulat wa.rchousc. 1t oho lllustratet: thc case ~hcn an rvnl of lypc DEL ll 
dependent Oft lhe current AWOOH·lnformloltlon staiUt and thr no=urrt~ of .omc ~~ nte1"UU 
event, e.¡. fa 'cuatomer order". Tbe customer order cvent and lnfonnation about_quaatJt)' oa baW' 
wm, Jr the Ol"der--quantltJ' ean bo" aatlancd. eau.c a DJ!L.cvc:nt. 

We abo ob.en-e that tbe ~Uoa. AOOH c:aD be dertvcd r~_AWQon: 
····· 

-

,, 
\' 

{YtHYa)f ,\OQfJU)fa •. l•l: ... AWQOII(t)(a.w_)) 

•·he~ .,¡, drnotr, thn\r warchnuo.t"1 "'hK-h hnc a panicular a11kk a in &lon¡c. Thus, accordinr. 
to the conceptual framr..,.orl!. outhned in ketion 2 1/le quanliiJ nn hand ca.n be coruidercú as :o 

~n~e·vahrtd c!il.C'Onli.r:aous hmction of fnnr, aniclr and warrlunu~. J.Jso, we mtJ ro""f'htol(r 
rcfer to thls quantlty at GlfJ .pnl11t bt ti"" hnd not only -;_, state c-han~or in.~ance). 

UsinJ this conceptual r~meworlc lt k al\0 convenient to ddine othcr IJpcs of drrirublr assoda~ 
Uons, for lnstanc:c · 

CIIANGE-RA TE(t)(a.w.l• (A WQOH(t·l O)(a.w .l-A WQOH(l)(a.w,.))/10 

OnrtJ.othn nprcsslonsare posdhle, for tumple 

A WOOIUt)fa ... q) 

..-hic:h cknotes a srt ot' warehnuJCs, p)•"ibly empty, which al time t had q ~~~~~ or artk:lc lypc a 
on~hand In inventory. Wr: are now vir:wins warehou~s as • muhivalued funcUon of t.q and L 

In thosr: modtlinp methods ror thc ronc-r:ptuallcvct. whieh do not uplicitly rccognise lhe tempofal 
dlmen•don, lnforrnaUon abnut lhe nwciat¡g:,. or l)'pcS A WOOH and ,AQOH il normallJin.aled u 
8 finltc NI O[ MDr"rd (""nrr.t'fw;mu wbtch rdkd lhc lut llfftll'ft ·lnae ~~~lnna ahout lheac 
•~~llons.. The time dirnension h nGf a fundamental conccpt of lhosc appro~~ches. CDn&blencJ 
ruin reqtslrc ln thh e-ne lhal r 

(Va)( AQOII(:"-)•l:.,.AWQOII(a.w.) ~O 1 

ThU'l. tht 'munln¡' or the 8'MlC&Uons AOOH atwS AWQOIIla naw chan¡ed 10 os fttr at tM 
'Y'"'" hnWI ••• tltr C111Trftt qtlfMII(I Off ltn...t. Eaeh IJme u ~Yenl ol IJpt' SHIP or DEl.. 
CK'C"Url. UtCK ~rrent ~uanlides mud M aomehow "pdated" Uor·nample bJ nm adjurtin& 
A WQOH and 1hen.tor c-oml•tenc,, «~ cw upd.alin¡ AOOH). Thla mw b ltlustratcd by our 
modclahcmathc B 1~ figure 2 . 

Ir we r:nmlr.e wbat wt havr done.by dis-:ardinp: the lime dlmcnslon., w observe In thls c81r: thal 

wc, hc.!f lntrod~d ~ -- dtJI~j o/ ~~~~~~~· .... wm c-all them U.fomtai/Dn Dhj«U .. whLch 
·,en-e •• meut lo alon knowlcd¡e ebout tbe .cumnl ata1u1 or 1wo typn ol auoclatlona. 
'Knowkdtr' b rc-~--enled. by enociatin¡·uch lilfonnaUoD object wl.th adcquatc entlt~ In abe 
cona:pt clau:s A. W 11nd Q. ~ -N.SOriatiom. OI'C Z>INV7 GOd \hc7 caa be ¡ivcn ow:anlngful 



~ ~ 
art-11 e.rt-12 w.,..·ehouse 

~ c,ucrent "" ,/c:urrcnt w.ar~ho:.uc 
quanU <y-on-hond B--.::."-'Ol> <y-on-hond 

Qon~oont><y-12 

Ñ¡!.urt' 2 
Modd al1crn:atin: 8 

" 

ntunn which ckKTlbc lhrif ro1n. Our 'lr.tns:lC\inm'- nr ~alcnK"nh ahout pa~- S1UP and DEL 
cvcnts - are ftot (tart of this modcl allctnatiYC U 'WC ha .. c madf the dc$iJ!ft dt:dsfon that the 
tnasactions ln themsc:Jvca are of no panieubr Jntcrcsl to out prohlnft. Thcit. 0RI1 pUfPO'IC' b lO 

. 'updatc" 1hc lnfonnailon objtcts. In fi~ 2 thc infonn:ation obj«u d:u'" art trprc-Kntrd bJ 
square bou¡ lo mart our notion of thcm u enlitics. Wc note that. K'C'Ofdinr; lo out auump1Mms. 
lhe foliowins corrnpondcnccs hold ror IIJland thdr auoclatJcnsln modcl ahcrNliwe B 

u- Ab(l:ll 
12- A x W is(l:l) 

11- O and 12- O are (M:J) 

Cboosln¡ the modcl ah.cmalivt 8 u adC"quatc ror our appliution probtcm wc have tKitiJ abo 
made lhe fotlowln¡t asumptions · · 

. ,' 
(a) thc quanlhJ cm hand funrtioM arr comtant betw~:en SHIP and DEL ~YCQb 

(b) theR b no lr.no•n tC'quirctntnl to be able to rupond lo queriel •he" llww b a .ttal 
paramctn or queries wbkb C"'O'K'rm ocher lp'ltlft 5tatH u thc earTCnt ontJOf inslaDCC: 
1 quanl.lty~h2.nd two •eeb •¡o 
2 \he avenJe quanlit)' on lund at (any) lime 1 
·' quantltJ un hand trendl 
4 lhe diUcrencc: In qoantit)' on baJid at thnes t 1 and '-1 

Obstnoc lblt we would not han any problcm• In formu1atin¡ DnP'el'l lO lheK qocriea &Jvcn our 
eonccptual model ahemaUYC A. Whilc moat lrtfOTmr.tlor. g;- c!•t• modellna apprO.ct.ca ~ukl 
contdder lhe modcl ahemaUn B 11 'conceptual' (or 'abtuael' Of "lo¡k:al" ) b b obv~ •hal the 
dccbloas mt-'~ -md tbe 'eonclualoa matcrtÍ.IluUolll' lauod~ maket lt unable· lo rtipond to 
quema sl•e 1) abcne. · .: ~ 

' ... 
~ ---- . 
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·11 'hould. however. he obvk1ut that •e cannn1 ·for practical R"IIKlhl • rullze (i1np!emtnt) 
laiornn\ion modd, crl(h 1M futJ temponl J!tMtali11 of ahcmatlft A. For lmtanc.:, Wc c;nnot. In 
prac:1ia \tltt rtqulrement• to be abk to obtain m pon~ to Oft·liN qum~ r;oncemir¡! quanliiiCI 
on h1nd for any hislotJcal time poinl. So- 11 thc Interface bctwcen the lnronnatinn modclinr. k:vd 
and thc datalqpcallc~l é:-ti .. ion' rnu .. ,·...: m1dc: whkh lnformatlon ahuut ao¡.aci~tHn~~ to surrnrl 
hy rr¡nc:untln' h ~nce'ptually hy a flnilt sct ol lnfonnatlun uhjC'ctL toiutt thot .-r an: at lhtt 
lnl~rher lulf adrTninJ datak1ldc•l dni¡:n prub1c:ms &J we are "tJf tonCCTnc:d whh whith informa• 
lton ob~cts to Jlort and V.'hich lo Jt-rirt or how tó dftciently ar~n and rtprnent thtm In 
stonrc. Foc instancc:.information objceu or ty~ 1t In rigurt l are deri•ahk frnm an anoci•tcd 
ic·~ of ob,Fcts of type 12 and the tkci~ion whelher to alwars \ccp ~n u(ldated vcnion or 11 \n 
ston.Je or derive il when rtfuc:n«d can lx pmlponed to the datalarJeal dnlgn phasc m even to 
later phllS('S. Al thit interla« ltvtl wc are natbc:r ronccmtd wit~ whkh lnfonnalion objedll tO 
lnc:lude ln our Pi"ndcl and how to dcal whh the time dlme~,ina. Thls b,tn feet,the pntbh:m to 

, dedgn a /ittiltt model, proccnablc bJ a nnhe maehlne. on tht bad' of an lr¡J'ütlt~ modelaceordln¡ 
to altematl.-e A. 

Fip.urc 3 
Modc:l ahcmati'Ve C 

In stttnl applieltions. howeVC"r. thc lnfonnatton requimtM:ttts are 1uch that il b no1. suffklent lo 
o.COnc:cptÚ;:ny. keep and malntain In storO;e onlythc' caf'1'1:rtl ata te oltht l~tinns. Thc ways to, 
.alvc thll problcm dcpeDd. on the modc-1 dni~net .. lnslrht and tnowled~ about pntentlal uscr 
lnlonnation rtquberMnlS. Onc "sale". bul not always ecnnonúc:al, ••7 B lO rqm:scnt b7 atORCl 
inlonnation ohjn:b all stl.ltmenls (lransacllons) aboa\ u:tc:mal OS.Cvcnta wbich are U'IIUmiUed 
lO thc mod~l. T"une b 1ft obvious para.-ter ln thest statetrenlL la lhb WIJ 1 fG#JI'Jr• 6LJ1Dt7 b 
malntalned and respoMtt can be' Jcncratcd t.o aU conedvablc querics whlch m: derivable: froat thl 
lnitial ¡talnlcrttL Flr:arc , (modcl. altemitlvc C) lnustrates auc:h 1 so1ut1on.whe~ 13 and 1ol ue 
inrormstton ohjtct clanes repruentln¡ 1latemc:b\S about ahipment· re'lpeetl.ely dcllwcry evc:nu. 
Time b lntroduc:ed " an lnOnhe iet al lime pohtll In dau T. For JimplldiJ the auoetationlla 
ahernallve C n«d no1 be named lo UluW'Ite ft\U cdnt. 

Tbc aumbcr ot c:kmmta In 13 aftd 14 b deu17 finl" and lhq forma blnatJ~laUonalstructarc. 
Lanpq.cs fot na.t¡atln¡ .and retric:nl Ín a bhtt~~.t Jl.I'Vd.uro)or lnstance the bOO.proc:c:dural 
FORAL (SEII·lSC),.,. appllcable 10 1) o'o414. We ru7abo 1:01Uklcr the13 and 11 .. 4-<uplco 
wlth 1 wcll dCOned me.mn¡ coslltallna ~ tubK:t ol 'A " w • o ll T. Tbls IMihl ,. ~lOas 
of rftg¡4tHttJI al¡r~ 011 eobiJC (cci.I).."'3B). c:e.o bs applie4 1a U aDC! 14. Noo. _ ~ altuaUoa 
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nmcernin,:.ll ond 12 la llli¡:h!ly mo~ complu. W~lht:r ..-t may ron\idrr 11 1nd 12 u fini1r t.tll of 

ln!nn:r:ation ob}cctl d::pcnds on our ddin~tion r~f thrm. :r "-·~ Mfint 11 and 12 •• 
tf"C1titin_,,.ÑJ,.¿ o· lil'rfL poinls 10-hrr. o rhcJ~, ¡,, qwmrit}' '"' lumJ /tw lhGJ pcltin.IDf' 

.;,.,...,.,,~ po1111 ocnuTrtj. 1hcn lhr num~r ol clcmrnt!o in 11 and ll ts ks' m equallo thc- svm or 1) 
and I.C. lf wt, nnw~wr, whh lo Kp!T"'rnt hy i 1 DnJ"I'l lh:: quantitan on b.,ld at lnl}' lilfftt 1 ' T 
t~n. ckarty, thci1 num~r or dem.:nt:o~ is infir:ile u T b lnfinitc. A~hraic Opt"nlions or biW:UI'J 
navi~tton"' on 11 a m: 12 can now ""'Y t-oe pc-rformt"d on limt rntrinrJ «Ubsets of thrm. U ,.-e br 
11 and 12 wAh lo repruent lhe currrrrs quantity-on-hand, thrn time (t•'now') ls hnpli.ci1.1hc- wts 
l•¡ and ll are: finilr and we kavt out thc- nwc:iaÚons 11-T and 12-T In r.,un: 3. W~thcT wc 
dtcidt 'r. 'keer' aubtets or 13 and ¡.e as ruart oC our I'T'tndel drrc-ncb an andcipated lnronnllloa 
J'C"QI.IÓ,.,;uM:Rl-.. 

We '-ave ahovc.ln c:onnrdion wilh mcld..:' -;~ltrrn.:a1ivu B and C. only dNus~ somt" ponlbtc .,,,.. 
to fe5ifeKnt lhe (infinitd allc-rnatiw A hy hr.!tc. modcl ahcmadvn. Anotbtt altc-rnatln woukl 
~ 1! the rcquir~rnents D~ sud\. lo drlln<- runa;~ procedurn for lhc "quantities-on-hand' ~hktl 
ha.d,!hr arrmc-nts (A..n and (A.W.T) rnp:ah-rly. 

4 DEALINO WITH TIIE TEMPORAL DIMENSION IN THE N-ARY AND BINARY 
RELA TIONAL FRAMEWORKS 

h mlghl be int~rcslln¡ to d~ how the modelinJ: prnblem accordin¡ to lhc ptTvious Ketioa 
could be: deatt wilh wlthia lhe conceptual frameworlr.s or lhc n-arJ rdallonal ~•peetlvrlJ tbe 
binafJ ~lation&l appmachel.. We willstar1 with the binary approach. 

Thc: hinar'J' aj-Jptoad!: 111 ba.'Cd on two fundamental tonceptl : thc ~1'1111' and the 6llt4'7 IW«I.uiotr. 

Mndelin& appmactae• bued on 1ht-IC' concepts bave ben~ 1u~rd b7 Abtb1 (ABL·14A). 
·srac:ehl (DRA-76A). Bubealo et al (DUB--74A),(BUB-76A), Undgrec-n (LI0-74AJ ancf 
Se.nkoCSEN·nC). A pcmdble "Kbema" ror thc bln.ai'J rclatlon.d (or bln•fJ .Jo~lcal assodaUve) 
DpproaC:h b shown In ngure 4 - Wc Obsci"V'C lhal AOOH and A WOOH ~a be consldemf u 
"entitiel" or ,nronMtlon objeru:" only for a finlle Kl ot time polnts. lba. m.vlgatln¡ and sdc:etlna 
entiliella thc binary modcl eu be carried oul U A.WQOH and AQOH an somehow ~t'd lar 
• finhc Id or time polnlL 

Thc eonce:pC ol dni-aiiDII of nullla o.. tlw ,_. .( .el.~ '"'llin hu DOt bttn aptkitly pdd 
aucntloa to la tbc lherature oa bina17 modela. Ja principie. bowncr. lhh ls equiYalcnl &o 

ckrlvallon ol new rdationa (Le. se~ or Huplu) oa lhe bula ol ot.hu wlaUoas la tbe ~ 
relatlonal approada. -.. :· 

Therdore we coold delloe AWQOH and AOOH DIICIS or Cntlllesl derlvabko rrom (o.nc.f •zbtc:n:::e 
dcpcndeat ~ ) lhc r~te set of SHJ? ame! DEL enUI.la. . ~ entlt.Ja will COI1J' tnr~tloa. 

. . . . 
.:-·.· .·.• ·.:: 

- - ' 
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Fiprc 4 • 
A blnary· rcladonal schfmL AA. WA,QA. - de: are bintiJ' relatlon names . . 

aboul quanthles on hand at time pnints t • T. To ~ur knowlcd,c: the~ ~ no complete and F~raly 
ttca:pled notAtlon de~lopcd rar cxprcssin¡ derivDbiUIJ.,COnsistenC)' Dnd inte¡rlty rdationships la 
bin•JJ ~ck. Po11lblr .can 10me noa-pm«dunl. qucry-orlenlcd langua~s be catcndeC! and 

sc:nc:ralized .l? Lhlt dlrtttlon (for cumple FORAL (S~N-7SC)J. 

UslnJ·a cakulut.filr.e notatlon we could forrnulate lhe dcrintion or AWOOH~ntUics Cror all t1mc 
polnu.) "shown below. Wc: wlll denote bJ aman k:uen • member olan cntltJ dua (ror n.ample 
awqoh 1 AWOOH) and wc assoelatkln ~u ~'I«IDn ( ror cumple WA(awqoh) wW st1ect 
onc etcment a e A and DQ(dd) wm ac~ a quan~tr (dc:Uven:d.). q e O .lf WA rcsp. DQ are 

funetionaO. 

·(Yt)(Yawqoh)(WT(awqob)-t A WO(awqoh) • 

SUMISOI&hlp:ohip•SHIP(awqoh_l)))• 
SUMIDQCdcl:dei•DEUawqob,l)))) 

Hcrt SHIP(awqoh.&) and DEL(awqoh.&) deaotc time· ud usodation rntrkted aubaeta ol SHIP 

-.nd DEL cntiUes u CoDowa 

. SHlP(a..;h.O•Ishtp:SA.(Ihlp)-WA(awqob) • 

.. ,·, . ~(~hlp)_•~(awqoh) "STbhip)S t J 

. -~~(~~~h,,)-lde!:DA(~i)-W~(~wqob; ~. 
DW(dei)-WW(awqoh) A_DT(dcl)$ t i . . . 

- --- -· --~-- ----~--·--· 

~- .. -....... ..::.:..::_··· 

• . 
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Thr function SUM hu hcn:o an oh.,.tous lntcrprctatioct. Clnrtr. SIUPiawqoh.l) and 

OEL(a..-~h.t) ckfKl\t' IUh~·· or SliiP rcsp DEL •hich llrt ~l~ -aith th~ UIM W':lf"C'~ 
•nd artk'k: as lhc 'awQOh'--cnÜIJ atM! \oo-j,ich OC'CU1u~ on 01 bcl~ ti.~ L In tht a~ es.ample we 

bavt not p:lid aucntlon tn ulst~ntial dcpcnlo!~ncics and othcr tonsiol.tcnC')'/int~rrhy mnstraints. 

ll is abo possible to ronnulatc thc ~me dcri\·atlon ndc usln¡ a FORAL-inspircd no\ation (SEN· 
7~C). 

DEFl NE 0 OF AWQOH 

IWIIf'R.F. A • rt "l\NI1 W .. r2 1\NO T • rl 

.. suK o or SHI~ 
rwnrRF. A r• rum w • r~ Nm T " rl 

- SUM 0 ot· UY.L 

IWliF.R& A •· Pl 1\NU W • P2 AND T S Pll 

In 1his dcOnltion PI t A. P2 t W and P3 r Tare pararnctcn. UsiPJ lhit dcri\-atlon ruk, a srt of 

A WOOH-<nthb can now bt cnatc-d whkh are- ~nslstcnt wlth an nistinJ ~et of SUIP and DEI­
entllics. 

A formalkm for this •rrmach was prescntcd in 1970 bJ Codd (C0D-70A) ond lt hu suMcq~nl· 
IJ becn usrd b)' ~eral othc-n (1Ú for eumple (AOI-16A).(BEN-76A.),(CHH-1SAUHA.L-
76A.)). -Our prc:vtous discuuk»a lmmcdiatclr su,gtc'St.tbe foDowin¡ data m~l (rc:lational schcm.a) 

·.· 
&HJPI A,W,Q5111P,'".SI" 

DEJA "• W, QOEL, TU 1 
"QOfU A,QOH,!'I 
1\WQOH( ,,W,QOH, TI 

Jn thl, simpk a-ce, whc:n all binar}' aaoc:iallonl art' funct.lonal. tramformation lO a n-ary rnodel 

nttd'l no no""aliulion and h strc:lght forwanl. SIUP and DEL are clurty relallons la thc 

'raditlonal' relatlon11l data baw arrrooch scnse. SHlP and DEL ddinc a nnile- Kl of ol.tu¡Mt.. 
•herc TS and TD are domalns or ahlpmcnt retp. dc:Uvcl}' time- poUua. RelaUonal al¡cbra or 

c:t..!:ulu' can be appUC4! to these rdatlons.. Tbe rcladon~ AOOH and A WQOH •re not nlatiOas In 
!~.,:, r"'!ltc, trad;:ktn.~.l 5:~SC Ir ..-e dcO,..c lhelr lnt~rprctatioa U 'qutntiiJ on ft•ttd al lhne "r wf\etpT., .. 

ha nrlabtc. ln \hla eue thcy may bt conaldered u an lnflnhc numbettol' tuples (cons\derln.¡ aJI 
poulblc oraluu oo the th~e uta). "'be problem how to deal wllh lblt ~finltc• DltuaUon bu ·fiOl 

breen addreued lo tbo ftoo&l'J' retatkmal datp.bue Ut.enture... 

. '···- '' ~ .. -:·.·. ~:. . . 

The conecpt el ~ririfll once rebtion hom a .c-t ol other telatlons ls, howe'tft, wdl known and 
~lthcr r~lational tl~~brt or calc:ulut are candidat~ tonb for thi• purpou bornctimcs 10 catkd 

't.ihrary' funrtions m•J be ncc-dcd 10 au¡:.mcnt thr:ir n~Jttulvt powcrl. 1t ~ alw wtll knowc that a 
data modc-1- or dala submodel • miJ conLain dcnnitlons of R"latkms. 'WhCh arr dc:rivailona hum 

fp<)'lllibly derivatlons from .... etc) othcT Rlations (sce for cumple CDAT·75A), p. liS). This il 
cqui..-alcnt to thc conc:cpt of wur .;,.., ln D•UJ relatlonal sysu:ms undc:r iJ!lptcmcntatlo~ (for 

cumple SYSTEM R (AST·'76A)). Thus.wc ml¡ht coasickr AOOJI and AWQOH aa .... ., wlth 
thc undcnundin¡ that lhc)' are rnaterWlzrd and trutablc as nnht tcll of\n.tuplcl only for a nnitc 

ict of polnts 1n time. 

SuggestinJ. lhc concept or a *time~vicw•, we could define A WQOH in our data".model ddinitlon u 

(usln¡ a mbture ol SEQUEL (AST·16A) and OSL-ALPHA hee (0AT·1'5A)) ·likc syntu.): 
1· 

DEFINE TIME-VJEW AWQOH (A.W.O.n 

RANGESHIPS 

RANGEDELD 

(fT)()S)(iD) ( AWOOH.A .• S.A • AWQOH.W • S.W 

A A WQOH.A ;. D.A " A WOOH.W • D. W 
As. TS s .AWOOH.T, o.m .s AWOOH.T 

• A WQOH.QOH • TOT AUS.OSHIP) • TOT AL(D.ODEL)) . . 

·' 
TOTAU.) il hcrc an assumcd library functton. lo ordcr to have·a view whic:b can be opcntecl 

upon bJ relaUonal altc-bf-. or ule:ala tbe user now could define tiww-lftlrlttftl • .,_ on top or 
lhb ..-icw, for cumple dcnnin& the cum-a& (T•NOW) quaatlt7 oa band u a nrirldJon or 
AWOOH: • 

DEFII<E VJEW CURRENT·AWOOH (A.W.Ol 

. SELECT AWQOJl( T • NOW J 

In the abovt d~finltiom, thc u ser b DO( COUCCi red whh ltow IIft lmpkmented l}'tcm mala.tall'll the 

ddincd ..-kws and reatrkiJoM. To our k~~~~r, lherc .. to da7 no relational IJttem la. 
calltence wblch supportalhe abovc "lcwln¡' of lnformatloa. 

·cónsiiÜ-rln¡ u upcrirnenlal a--afy DBMS. SYSTEM R.. h 1i c'lcntua.U,. ~blc tl:aat a vlC'W 
conccmin&the nttrrnl ·quanlhd oa band al warc:housea (CURRENT ·A WQOH) CCRatd be: defincd 

b)' lhe UIC_ or SEOUEL-Ü~ ~PernUon.l (sucb Al sa.ECT.~MPliTE..i-OTAL) ~~~ID thc 

rcl.allonJ SlUP aDd DEL.a.t f~ 



OUJHE VIEW CUR.RENT-"1QOH. M1 

SELECT J.,M.O 
FROM S 11> SHJP MiO D tH DEL 

CDHMJTf. Q • Ql - Q2 

COHJ'UTE Ql :. 

S~I.F.M' TOTA.LIQSIIIPI 

FPOM SlllP 

~~r~E A•S.A ANO W•S.M¡ 
COHP\n"F. 02 · • 

SEI..F.CT TOTM.I QOEJ. t 
FAtiH t'IEI. 

W!UlU: ,\rh,A Atm W•h.W¡ 

.. , - . 

ll is undt>rs~Ood rh:~-1 this "itw b somchow :t.utomatiaDJ nuint:aincd- t;' tM DBMS - ro~bncnt 
wilh nktin¡! tuplt'• in th<- SIIIP and OEL n:latlom. In the SYSTEM R. thc UKt ro:ukS also h1msdf 
oonlrolthe mair.lenance of 1 n:hllmn.which b derivable or ckpendent on other rtblions, bythc Par 
ot lht TRIGGER-mechanism, For instancc, In ort!et to nulntala • conslstcnt aet of ator-td taplet 
in the rd:!tion CURRENT-AWQOH. rhc \lSe1' mcld U<iinc lwo TRIGOERS as·fonow. (wc 

dt:IICribe them In a SEQUEL Uke •yntu): 

DEFINE 7RIGGER.XSH1P 

OH JNst:RTIOH Of' .SHJP 1 

IUPDAT! CURRENT-AWQOH 
&ET 00H • Q0H + SHIP.QSHIP 
WHERF. A ~ SHIP.A 
ANO W • &HtP.W 1 

DF.l'JNE TRJGGER JaJEL 

'='ti INSERTl~ OF DEL t 

( UPDATE CURREHT-ANQOH 

S&T Q0H • 00H - DEL.QDEL 

WJIERE A • DEL.A 

ANO V • DEL.W 1 

In lhe abovc .o1udon a problcm arises whcn an IIISnted SIIIP or DEL luplt hu an <a.w> - palr. 
whtch d~s no1. match any'ulsting• keyln the rdatlon CURRENT·AWQOH. Thls must be solved 
b7 lntmduclna addltional consbtmcJ and depe!Hknq chrddns ancf malntcnanct ·proccdurn. 
Not&- also that the ded¡ner-user now hu fuU control owr Uw ck~ of eonslstc-nq ~:. rtu:_,cl.al.\. 
base. U he. lot lnst.ance ... AIW"= wlth whb 1 "CIOrft:Ct" tet of' taplca in CURRENT ·A WOOH. 
only at9 PM eYCt)" daJ, lbca a tri¡gc:rin¡ condidon could be apedlled wtiJc1. acUntcd a derivaUoe 
proccu ~boc11J bdOftl tbat t1mc. 11üa. bowner. -.,aW c:haD&e ihe .Deanlns or lhl c:orres:ponc!lna 

1 
. - rebUonL · • . • 1<-c 

!------·---

Sumr.-ari7inr: Ollf dtu-a'"i()!) nn moddin,: tim:-vary~nt: :1.:<~0\(JciatHtn• in thc n-af} •nJ l-4n;,ary­
rtbt~1 frarncwnrlt ""ha~ tr~d \{) tk-frit,ll'lr.u~ thal ndthc:T nllh""" a¡¡pu~ches ~cn: nriJ!inally 
intcndtd for an aMtnu:t mndclin~ k:\-d nutlincd in scctiun 2. f\nth ll(lrn~.:~;chc11 \'ic• thc infnrm.:~­
tton mndel for a rnl-workl ca~ as a finitc:.v~rylnt L'nlk-ctK-ta uf n-tuplc,. topc1..·1ivd)' a fin­
hc,nryinr: roUcction uf cntlt~ ond hinarJ :!'1\0C'ialtons.. 1-rmc can,uf rou~. be incurfl<M'lllcd in 
1~ mndcls by lnuodurin¡t limc-domains in rdatioins rc:~pce1h·cly timc""Cnlltirs antl :;r,,:~nciations 

In hirur.ry UKKiel\. We bavc airo ckmon-unated that the notatfon *"" nrcn~tions ddined for mudcls 
of th~ 1dnd prohably can he extende-d fnt u~ u ddlnltlnn11l hMlh 111hc a~tntct. lime unrc:tOtricted 
rnodellns:le\-cl 

\ 

5 TREATMENT OF TlfE TEMPORAL DIMENSiON IN SUME F.XISnNG INFORMA· 
TION MODELING APPROACHES . 

We haw: clamed that the m:ajorit7 of modtfing. a¡¡pro~~eht:s p;~.7 QO nplidt attcntlon to lhc u:mpural 
dimensloo. TM lnfomutinn mcxJel of a p:artkular applk:uinn k ~n as a finlle .nryin& ~t of 
inform:ation objecu normaJJy ~ll«tin& thc cunent (bst obccrvcd) state ol' a mockl of somc 
--t-world I)'Slcm. Tbc: 5tate b chanccd by }n.<o~:r1in¡;,de:lctin¡: Dnd modifyin& infnnnation nhjcca. 
Somehn,"'s.i" ::-.e~ •:·;..,,......;::...: .•. h!!-:s •re dis.c~v-d hnw lo (!cfinc and m;aintain a act of informa· 
tion objccts t:OnSblenl and compkte. Thcn: arc,.howc"cr, • (ew uttpüons to lhb Umc-ft'llricted 
~nd &iora¡e oric-n1cd _approac:b. These wfii now be bric:n,. di.:uucd. . 

i. ·y ouna and Knc 

Yo•n¡ and Kcnt tYOU-$KA) bavc lncludcd thc conceP1 oC time In atmract ronnulatkJa or data 
!_· proce~"in¡ problems. Time ls,howcvcr. nol used for dc.Cinlng lnformatkm ~1:~-tioru.hips bUl 
¡ C1oKnliiiiJ for llalemtnt of lime (dclay) rtqulrcrnt:nll COnermJn¡ data proccssin¡ and 6oC'\Uncltt 
1 producdon operationl and for spcdfkatlon oC doeumcnt daUCI U fuDCt1ons of thc llrMi-•bcn lhe 

documcnt is produeect ' 

Tbc fint approach whlch pakf eiplldt attention ID t.he probkm ol' lbne ln lnformaUon modcb WU 
Pft"C'nle'd In aboul 1965 bJ' Ltn~lon (LAN-66A). Thb approadt has later beta followed up by 
SundJr'Cft (SUN-73A). Addltlonal dbeaulDnt can be found bt U.AN-74B).(LAN·14C) and 
CSUN-74AI. 

Thc badc bYildlna block In tbb. so called l#rfolofiCTII approach. b lhc: ~'""-"''"'7 MUMJ8P 
. "'·ltlnli2tp). a 3-tu.pJe- <o.a,t> 'tl'hkb tnronns aboul aa """'"k"7 6ltut~tltM (e-ahuatioa) ln lbc 

obJecli)'Sttm.. In an e•rncua;o. •o• la a n:fcRnc:e ID a non-empt1 ICl ol objceta (cnlltlcl), •a• ll a 
rdcrcnce lo a.rclationthl¡tt1pc or toa propcñy/valuc palr,amf ,. b a rcrcrencc toa polnt in lime 
Or ·a &lme ~ñod' when lhb r.tatkmstúp or propcr1J holda 'or b meuurcd (oblerred). Mcua¡c~ 
whkb lnlorm abou.t ob)ectl·ol lbe lllfDC dassea añd llala propcrtks reapectlniJ reladonshipa al 



' i 
_[ 

i·· 

_th..· umr 'lintf .;an: '\AHJ lu C';ltty infurn..ounn u1 lht' ~,;~m(' ll.inJ .1 hl-~· at\" ... uJ In ('uniurm tn lht 

~me- l'lr-rdrWT "'~¡ (C'-c'llll\."TpU. 1"h<"rc- e-IN r~ialt-~ .. hir-. t•o:l .. -.Tn r-~~'"' u( il p.:.nicu· 
la; ;~.~ .. ~ .. ;.:~ .. ! ;::::~.:! !:-:: :~~- J,C!:'\1," :!;::! w,;:~(' C'·r.a:· .... ;a~ ('ill"! 11(' rr. .. l"•:1."'~ hum ,,,}k-, e-~~- ... 

Fi~n a ..r-1 ni pnJucünn ru\M.. "llt\•'l' rdalinn\hi¡n •te' calh.'d pn .. nl.,..t' "'"'"'"l.\f/'t. R:~.-..c 
suhooy .. lcms oC •n ltUoin~K-:~1 ,J;a¡" tJ¡¡q,· o.JT cun .. U.krnlthc uhntul.thc ""'J.-m and Uw: f•ltn_ Thc 

~hcm2 ddior• 111.: rarticular nhjrct 'Y'IC'm mu..Sd · tiJ rnumcratin¡:: al\ C'-rft("'I'\OIP! IJ~ Ce· 
con«pt~l :antl ¡¡ ubo contains u Kt"l ur mcM:I.~ dt-rh·:uinn ru~L l""ht nuclcou~ ¡, thc "\el ttf upliciiiJ 

storcd co·mc~¡:" and thr filler (unction w:OTslo Protc:ct tiK- d.ata ba<w: hum b.hc. mCaninr:~ or 

fncon5Uttnt mc-u..agrs.. The nudeut may he "'JunJafll In thc ~n.'W:' tho.l !W1mc of hs tneUD¡:rs mar 

be ddined as derivab!t from othcr nuclcus mes.•a¡;cs. 

Whik time cnn~ilulc" • fundamental p,:Jrt or the C·IIK"SU&:f:o thC' ~fC'tc'1X'ft dlcd abovc- lLAN·-· 
and SUN~ ••. ) bu:k a complete notaliom uncJ dc:~r u¡¡mplcs showl!ll! lhr authnr"s buic intrntlont 

hnw In 1rt'a1 and rcfiC"rC:nt'C' lhc: IC"Ili{'IUral 8'1pcc1 of informatlon mndclin~. 0ur inÍnprc-tation of _ 

1hc:ir inh:nttnnor; folloWL 

Thc pm('("'!\ilion an_r mnsa~ ¡,. 1111 infn'rttGiimt I)"Jit'm ...UI M "lttdi!V'fl rilAn' by obwnat~ll 
;,. 1M dljnt l,t'ft,.m• or thrtn~,'(b tM t'.\t'rution of G ~ru trld .. -11 tlu'ft tlllo.n crtlrrr 1'-lfft'JW_tn 

tU inpul (l.AN-74C). indic;al~ tha.tt~ir infuli,~tcal mndcl h tta'\ic;all)· tn'll\ •• a finile cul1«1inn 
of c-mn.ui_!'C:S. Alor;o SundJ:rcn's di~ion of '1:ar~t sn,· (p. 9S ln lSUN-73AU and anoci:atf:'d 

nampks rc:nect :m. n~ntiaiiJ. finitC' ~icw or infuln¡tical mndf'ls.. TM rnnlcnts of an 1nfÑnJ:k-aJ 
data h:asc·. M(t). is .at timt: t a 5tl uf" knnwn e-rnnQ,JttS ISUN-7)A). ·Sume mru.tf" are upfrritJy 
ncwed in thc nudeut whik olhr:n a~ •vtrtuar and dcrivcd wbc-n dc~ircd. ln~5on and dektion of 

e-rM~&cs may only concern tht nutkus. Eo.ch mnw.~ In thc' lnfnlnl!kal ~· ba~ is conuptu. 
aDy sren as havtn1 acvenl timt'·ft"nitHU. A new time vcnlon of an c-~¡te b CTt"atc-d wbtn an 
e-situatlo_n In lhe objr-cl s~c-m attUn which ro~ms thc jlartk:ul;u-_~.a> :._p2lr. As some 
me-~s.a!CI are dc:rtnhlc. h ronuwa Uult an e-sit~tion may. coñc-cptually:1~1r0duce ncw time 
w~ions for SC"Ytt"al mcuages. Thw.., an infolo¡lc:AI dala base conta1ns a finhe IC1. ol' c--meua,es. 
wherc cacb e-melSA~ 01ay ha~ ancral time Ycnkms. Each ~crs~n s11-na1s a ehanJ% In thc 
p(OpCrtJ ur relatkmVtip or a sct or ob.]«LI <a>. Conttptuanr the wt ol' c--mcssaJCS.indud1n¡ 
thelr time vcmons. a··cvcr growln¡". Accordln¡ to (SUN·llA). the numbcr ot time wnlons_per 
~-meuage whtcb the user considcn 10 be or lnterest ma1 be an hnportanl dnip. paramcter ror thc 

· datalogic:al desl¡n phuc. · · 

Dbnu:siDII 

Our conceptual rnmcwotk h to aomc utent lns¡Mred by Lan:C'for"sapproaeh of ckalin¡ wfth tiene. 
Tbcrcfore simllarides can be lound bctweea both conecptual Yiews. Sorne dincrcncn are 

cr........d below. 

n.e coneept ot time vcrsiona appcan qullc natural whca appUcd to Gttrlbuti., type ~*CnC'ssa¡n. 
U. mes:.a¡u·<o.a.l>. wbcrc •a• b an attrib\ltC•I)'pc/a!tributc-~al~ rc-fercnce. Wc thm can IJ'IIok .• 
el thnc TCrslona <"a.a1.t1>. <;o,.a,.t¡> •.•• etc. wh1ch con&thatc '"d or partlal bistory of an objed 
o

1 
wltb. rctped to DUribute (propertj') •a•. AD eaample ol thlt ¡llutloa b lhe e-<octCCpl .­

<<anlcle>,q .. n~t,....-band>, wlteto W. ""'7 thlnk ol~- vcnlou <a,q,.a,>, <oo,q,J,>, :·. 
. :_;:', . -

':> 
o.~~ 

·-··· 

-----·· ···-----=---..... 7,-. .. ~ 

••.• CIC. wttcrc a, > a.. . ClartJ.Ibh IIC'Ivl ~ dcwcribn lhc "'1fr9ariatloa"' rara ,....._ wddl: ..... 
,..t: 

Tbt •tlllllioa buoata ku dar whna ~ blk ebnal w....., lypC ~. l.&.. ~ 
•hcn •a• diC"ooln a ftia•bmlüp typc.. la tllftc:ar. wbal claaa,cs- fram lia»e lO 1~ • lidie IICI ol 
~jcd' rd~ b7 -o• ..S 11 is CICIIICIC1"~1fy paaihk: 10 lhiak ol lhc '\imc: ft'ftioal.• • beifta 
M.ociol<d wilJo c>nJ ......... ..!bocf ol obj«ts ol ..... Tito CDIICipt ol ""YÜqt tJoe a ...... liooe 
nniom ola partkoobr ~ .. lJPO 11SUM-73AI. p.IS'JI olaa-...,. panlaola:liJ cfcu ID. 
lhi' Q'IC". ·~ OM abo spcc:ifcs (or wbic:b. subsd of objecu iD •o• Ibis ... ria¡. ba: 10 be cloc&. 
Aa. l"umpic ol' tbk dtutioa. b tht ~ <<utide..projca..supplier>.SUPPUF.S>. wllete 

· surruES ckftaln a ~latloa. .Uh wcn bawa lata¡ntatlaa rroa die......, rclalloaal wartd. lf 
wclsa~an~ 

<<•t.pl.ai>.SUPPUES..t,>·. 

and •hnartt rar 11 .i ... ~¡er; at.; >a. 

<<al.p:Z..I>.SUPI'Úa.Ja> 

tKo th.k IWW D~nUJ"C aa. be RC"G a a ... rt"latioodüp fn~~~~~ thc _._-point al pa~ 
objiC"u u..hwts <•1>.<•1> m <a.l.•l>. Allht a.me: Umt Lhc 'IC'I ol SUPPLY~htM '\a .-hac 
&J ~la h cbaap1l. Aoolbct ~ICC of Ibis time-"Cnion approadl b lhal iD. qDCI)' 

ITfCTt~~Cn lilo.c <o..<Ap't>.t>.IJ 1 a DDS lbc lime el a ~iaJ' time~ or lb.ls J~~CUB¡c.lhca 
an odt-qv.alc time- wnioft wilh • t1sac rd'UCSICI" ~·lo li:IIUSI be loc:alcd.. Thas.. • dislincUoa la 
latroduad bctwcca lhc GlGk:c&tl ol D data. base and ruric'I'Cd WOI"Uiariaa.. 

F~ 

FaJktnhrrf"• ia/.,...iM q.wr.. CFA1-7SAJ consists ola act ol a:ssodatioM.. wtúc:b ucll nbt (GI" 

litnilcd time paiacb.. Aa aaodaLiaa ls a ~e~DADtit':aRJ rdeYaal. Id of ohjccts <a..a,. _ .._,. ·• 
•htrc eacb objcct pl.aJI. a t.ptcilic rM I:D. lhc r~ of lhc- a.uodatloL An auoda.Uoo Ita a 
~t-i.q and u ,.,¿ wha are COMklercd u .....a oe U.C thnc atiL. SpecUlc ftpraratalioaa 

(.-ilhout rqard to phJ*:a! rc-prnem.aUoas) ol' II'NIIrialk.m 11ft deltotcd IIIX'II/Inii#Dc. Bllll4i"C 

., •• ...,,,.,..,.,.. • M• .,.... ..,._, IArr ~ f1f.ptd of •11 .t&lll/fco"- fl/ •11 
'"""" ~u~p~....., "" * *'/,__,.. ,..,.., la (FALo-l'SAJ lJin a Wl of ,.._, .,.,...IDn an 
ckfuaed by wlüdl anwcn to qwritl abaultime-dt¡cadc:at rc:latiaMhipa • aaocialioM caa br 
oht.alacd. Thc aipifk:adOG c:oattpe b aiDo ..,-ct 10 qacry lonnalalioa. 

In a t.tcr paprT CFAL-76A.) &be~ cti ' b a.ot Jfwn apt'daJ aueatioa. "11til r-opcr.,l.owewr. 
d""tscvun I:CIIftUUC ndn o( "dala.,.._.. • .-1 ~ CODCqiU auc:h a 1 s&nn dcpeadcnc:k:l 
(o( 1M C"IDftUs&c.KJ IJJC) and dcd.actloa fllDrW ' ,..._ 

FaiUabet¡·a cooczpt.U ... oa lb&: &aapDral dimce&ioe ia oa arner.l la-aa aimDa" 10 0111" "' 

conttp~ual rramewort nampUrd culia. Tbl ...- craraeac:e 1et1ns to ba tbat Palbabua 
CDnoiokn doo -ptaatlol..- ....se!.,...,. oppl..,t'oa u a lboilc. ootono1 lll>d ""'71aa 

-liScl!coo:loo . .ol DilO e 1 hnt -r.cu· aboat e..atl' 1 ''oa:l). e r ; Of ___ .... -•---

·------·-
"--·-------- --.,---- -:;-;-~ --
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\\ h.11 -.,. h.1\1r f"oint~d toul ~tM"C' in ftn •:.~ ... tin,irutC'"o ttW nn"d .and tml"'lfl.lllh."'C' uf "OnilC'" infnna3• 
looon - .. 1,·1 .. h ¡.., •onl)· finil~ mt ... L:1 .. •hk·h \illft ~ m~rf'C'd In d:al¡;l.tpo.:.d rno..L.·I .. oand •ictl •C' can 

nunrruLt,· •nh rdatin112l al~hra ur ft.II\.CPiilln:tl nrc-roUtlf'il,. AN•. rr•..-~1\f! and dfiriC'ncy ¡....., 
an un!J t...· di ..... ·uo.OC"d "'-artin,: out frnm lb.:' finit~ mu.klin¡! lc~d. 

\\"hik mt"lhc'lh hliN:d ua thc Nnary nr n·ny rrl;uKl~l ,y,.. af'C' ~~nilk.aet lki'lic\"t'TTW'DI' Un lbc 
_.,.ow nf ¡t'fiiNt•"' IIJf'irftrarloll) In inrnrn111liun rnoddin' O\C'f tM ,_urfil cbta t.lnictatc orirat~ 

'"ic-s.. rt'Pf'C"Cnk'd by lhc hicBrchical or nel•·ork dala 5UDCilfrC' manipulatin~ mxbinn tfor 
n.ampk (CYL·'71A)), lht'7 wc~ not aimcd Cur lhc timc·unrntrictd abs.uaa moddinJ k'c:L 
Thc-u •J'Ipmachrs and lhc 'hcoric•" around tht'm are bau•d oa a CiniiC' vWw and tbc tlmc • 
dimcnQon proh&cm 1• DOI. al•a)'t. so!YTd s:implf h7 addinj Unte' ~;hu or cnti&in.. A DCW 

cnnctptaal Ylc-w and Cn~wort b ~ which.hctwC'vc:r.,upcrOdally ma7 ti5C IOfftC' oC lbc 
nolalio~ formalism inlmduttd hy tfkov approxhcs. lt h bc-licvcd lh:at thr r~mrwoñ outtined la 
Wdion 2 ort'C'h Consádnahk ¡:cncralityln dcalinJ! •·hh t~ •·hicb Jh(11U$d imtc ha nndidoltc l'oosis 
f« hiJh ~'TIInrurmation modt"lin~ mdhnd dcvclnpmmL FinaR)'. h mu'\1 br a~d 1~1 wc do 
la DO way au¡:¡:n1 th.al lhe tlmc~unrcstricted lrvd ls suhah!c kvc-1 Cot'ttw -w;OftC'CJ,laat KhC'me.• u 

ddinnt"' (AX3·'UA). Wc consJdn lhls lcvcl more u • "dnign phuc" aad a baSb whicb Jhoukl 
lopcan, pr«cde tbc dc:sign o( • firüt.e. cona:ptual R:hcma. whicb ror procnsin¡ aod drdenq 
~ns must be "11rongly dm~:.rcmicted" ·al kast Cor somc years 10 come. . . . -
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Furt.her Analysis of the Entity-Relationship Approach 
to Database Design 

•, 
· PETER A. NG · 

Abs/roct-TIJe nondctcrminlstlc or dctcrmlrilsllc entJty-rclalionshlp 
modcl of a dlbb.uc is fnrmally tJcfincl! 3.S a u:.er's vicw o( that datab;lSO 
In terma of a colh.:c.:tion of lime-v~;~ryíng rd:Hiou&: tlae rcgubr -or wcak 
cntily rclatiüus, or thc H'gular or Wl'ilk rdatiomhlp rcluliuns. IJolh · 
noudl'Ccrminh.tk and dctcrmlnislic cntily·u:l~tions.hip modds have tho 
Íame stwngtil to ch:u::actcrizc infomution C'ln<'r.:rning tntitic~ and rcla· 
tJom:hlps which exi~t in out mlndJ, An improvcd tal.Jic form of tho 
rdations i.t lnuoc.Ju¡.:cd to provldc a clc:u and conciso uscr'.s view of 
databOJscs, Thc baslc concept of t11C cntity-rclation~hip ap¡uoach lO ,U\ O 
luglc<~J diltabase dcSiJP1 is ¡uovldcd, ond hu sed lo derive lNF rclations. 
Piltally :l llll'lhod ur IC!•rt·:.enling physica!ly thcsa rl'latious, whidt are 
gcncnt~ll by tltc use of -thc cntity•rcliltionship a¡J)>roac::h to thc lobicl.l 
d;,.tab:uc d1,:s;gn, b prcscntcd. Titus, the Cntity-rclatiomhlp approach to 
tho lo~c~ and phydca.I d.J l>tb:ue dcsi¡;n can alao bo rcaJi.cL"d.-

/udtx Tums-Octcrmlnhm and nondC'tenñlnhm, rntlty-rclatlonshlp 
appro.Jch, runctlonal dcpcndcncy, Iotdca.J and flh)'siC'ai daUb:uc dc¡i~,. 
normll.l Curm~, ici;HionJJ, hlcr:uchlcaJ, and nctwork mc.Kh.:b. 

J. INTilOLlllC'CION 

A. DATA modcl, calicd the cntity·rclarionship modcl, has 
}¡, bcen proposcd in (2). [31. And the rcccrudcvdnpmcnt 

of lis use for systcms analysis and dc:lgn has bccn summarized 
In [15]. . 

In the enlity·rclationship mouel, one of thc major character· 
fstlcs is the existence of a !tributes, cach mappcd from an cntity 
sct or a relationship set into a value set ora C:u tesian product 
of val u e sets. In thls papcr, we shall describe formally that a 
dcterministlc entity·relationshlp model is a modcl, In whlch 
cnch of lhe attrihulcs is a mony·lo·one mapping. Ifan attribulc 
Js a many-lo·many mapping, titen il is a nondeterminist!c 
model. The nondetcrminislic and determlnistic cntily·relatlon· 
shlp modcb ore ddincd in tcrms of entily·rclationship rclatioru 
or rclatlons, eoch dcscribed by a. rcp,u!Jr or weak cntity rclatíon, 
or a regu!Jr or weak relatlonship rclation, according lo tho 
differenl levels of Iogícal vicws of dola [2], (14). 11 con be 
iliown tl•at both nond<'terminbtic and dctcrministic mod.els 
have. the same strcngth to· characterize the samc lnformation 

. ubout the real world. 
· The eutity-rclationship approach lo loglcal dalabasc design, 
dcscribed in thls paper, cousisls of tltrce major phases: 1) 
dcfiniug thc cntcrprisc S:chcm:J using thc cntity-rclationship 
diugnun llwt conforms ro thc dr:scription uf a dJt:tbJsc appli· . 
c.ntion, 2) trnnslating tlh• cntc1prisc schcm:dnto :111 cntcrprisc­
'tser schem:~, calkd the cutity·rclationship relations, such thal 

M~nwcrlpt rwclvcJ July 31, 1971J: n!vb\·t1 Aur.u:u 22, 19HO. 
Thc :autltor b \Vilh lhc lkr;ulmcul v(CtJIIl('llfcz SdL'IH'Cli, Uniycriity 

. or Mi:ssourl, Culumhia, MO 6521 J. · . 

: '. 

thc converslon of nondeterminlstlc relation' into deterministic · 
iclaliai\S con .be done wíth e ase, and 3) twnsforming the en ter· 
prisc·user schcma (or directly from the entcrprisc schema) into 
a u ser schema. The u ser schcma can be exprcssed by a callee· 
tion of regular or wcok entity relations, or regular or weok 
rebtlonship relatimis. These relations in an improved table 
form have a cleor ond concisc descriplion of the user vicws of 
l11e databasc. ludeed, the user schcma also can be expressed 
by thc network, hierarchlcal, ur relational diagrams (3). And 
thc transloliun proccss frum thc entity·relat:onship diagram to 
lhc hicrarchical diagram has recen ti y be en studied. [ 13] to 
provldc a unificd approach to the logical design of thc hier· 
archlcal model. 

In dcfining thc entcrprisc schema In terms of an entity·rela· 
t!onshlp dlagram, one of the mojar concems ls that whcther 
lhc dlogram conforms to the description of applicorion for an 
cnterprlse [ 1 1), ( 1 2], Thc othcr conccrn is that whcthcr tite 
relations, obtaincd by lransloting fróm the enlily·roblionship 
di~eram, are "equivakntly" corresponding lo 3NF rclations of 
·tite rclational model. Within thc rcalm of thcsc conccrns, this 
paper oullincs the major stcps in logical Jatubase design using 
the entity·relationshlp approach. · . 

In the course of construcling the physical representation of 
an cnlity-relalionship modcl, a disciplined dota·Slructure dia· 
gram [2) is obtained by traúslaling from the entity·rclationship 
diagram. It has becn shown thal this data·structurc diagram · 
can be used lo recognizc the multivalued dependence [1 1-) ·: 
In additlon lo thc cntity·rcbtionship diagram, this data-struc· 

· tu re dlagrunt and the usenchema can be used as mojr>r campo· 
· ncnts of an intcgrated dcsign tool 10 assisl in the proccss of the 
physical databnse des!gn. lhus, thc entity·relationship ap· 
proach lo the Iogical and phy:lcaJ· data base design can be 
reallzcd. 

In this paper, Scction JI introduces the nondetermínlstic and 
detcrmlnistíc entity·rcla tlonshJp relotions asan enterprisc-user's · 
view of data. Both nondctennlnisllc and detcrminlstic rcla· 
tlons ore shown lo have thc samc strength to characterize in· 
formation about thc real world. Section JII describes a user 
sclwma In tenns of regular or wcak enlity rclations, or rcguilr 
or wcok rclationship relations. An Improved tablc fonn fur 
thc rclations ís intruduccd. Scction IV concludcs lhal both 
clot..:rministic' ami nondctcrministic rciations for t.hc uscr 
schcma havc· thc samc ~lrcn¡~th lo ch;Jract.crize information 
conccrning cnlitic!·ou1d rclatiunships which cxist in uur min~s. 
Sccllon V describes un cnllty·relationship appruach lo ~le 

lo¡;lcal databasc dcsign: · it can be use¡( to construcl lhc rela· 

0098·558')/HI/0100·0085$00.75 © 1981 IEEE 
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tions'as a uscr's view uf Jota in lhe cntily-rcl•lionship modcl 
sud1 Ú1at thcir rclalions ore equivolcnt to thc JNF rdalions in 
thc rclalional mude!. Section VI Jescribcs a mcthod uf repre· 

'ing pitysically tite cntity-rclatiunsitip dio&ram or lts corre· 
.1ding nscr scitcma. 

• 1 
11. ENTtTY·R~L,\TlONSHlP RELATIONS 

In litis scctlon, wc sit•ll define forn1ally tite nondetermlnlslic 
and deterministic entity·rciJtionship modcls of a databasc as 
an cntcrprisc-uscr's vicw of that data base In tcrms of a collcc­
tion of time-varying rclations of assorted degrees. Wc sita!! 
show that both nondetcrministic and dcterministic cntily· 
relationship models hove tite samc strcngth to characterize the 
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information concerning entities and rclationships. , -· 
" • 

Dr/inition 1: Given a collection of sets A 1 , A,,·· • ,An 
(not nccessarily distinct), R is a re/ation on these n se ti lf 11 ls 
a set of ordered n-tuples <a1 , a,, · · · , a11 > such that a1 EA 1 , 

a, EA 2 ,·· • ,a, EA,. SetsA 1 ,A 2 ,···,An are thedomalnJ 
of R. The val u e n is the degree of R, 

De/inition2: Le't e denot~ an enlity, whlch is an object that 
can be dislinetly ldenlified. An emity set E ls deflned as E a 

{elp(e)}, where pis the aforementioned test predica te. ' 
Definition 3: Let E= {E¡(l <1 < n} be a collectlon of en· 

lit-y sets. A relationship set R o ver E .is deftn~d as R " { <e1 , 

e,, · · · , e, >ie1 E E1,, 1 < i.;; n}. Each tuple of entltles <e1 , 

e,, • • · , en> is a relatlonship. 
The role of an entity in a relationshlp is the functlon that 11 

>nns in the relationship. The ordering of cntities in the 
Oc11nition of relationship can be dropped if the roles of entl· 
tics in the relationship are explicitly stated as follows: <r1/e1 , 

r2 /e2 , • • • , r11 /en >, where r1 1s the role of e1 in the relationship. 
Example 1: Let e denote an en lit y which exists in our 

minds. Entities can be classified into diffcrent entity types; , 
eadt entity type contains a set of entities, each satisfylng a, 
set of predcfined common properties. Tho set of entltles ls 
call~¡i an entity set, such as EMPLOYEE, PROJECT, PARENTS, 
and so forth. Because of different prcdefined propertles, the 
entity sets are of different types. Thus, we call an entity sct, 
an entity ~ypo,, 

In general, there will be. assoclations or relatlonstilps linklng 
the basic cntitieS'Iogethcr. For exampie, as shown in Fig, 1, 
a MARRtAGE ls a' relationship betwecn two entltles In the 
entity set PARENTS. Their roles are ltUSRAND and Wt~·E. Wc 
shall call MARRIAGE a reiationsltip set, ora relationship type. 
PROJ·EMP and PROJ·MANAGER are two different types of rela· 
tionship sets over two entity sets PROJECT and,EMPLOYE~:. 

F!g. 1 is an extemion of the entlty-relationship diagrammatic 
notatio'n in [2]. The enlity seis PAIIENTS and CHILDREN are 
shown as double rectangular boxes, each ofwhich is connected 
by ~ directed cdge from the entity set EMPLOYEE and the rela· 
tionsltip set E (existcncc Jependency) and EMP·CittLO, respec· 
ti' Tite diagram exprcsses tite existencc and identification 
d, ,dencies of the entity set l'ARENTS on t::MPLOYEE; it indi· 
cale$ that the existencc of any entity in the entity set PAtlF.NTS 
dcpcnds on the corrcsponding entity in tite enlity sct EM· 
i'LOHE; that is, if an employee leavcs !he, company, his 
parents may no longer be of interest. lt also indicates that 
parcnts are identified by their own names and by the values 
of lhc primary key ol the ernployees suppqrting tltem. 

......... 
Fig. l. An cndty-rdations~ip diagram for an entcrprise acherna. 

If a relatil;mshlp set E, representad In a diamond.¡¡hapcd 
box, is lntroduced between 'tho entlty sets t::MPLOYEE and 
CHILDREN, then it expresses the existence dependency of 1he 
entity sét ClllLDREN on, EMPLOYEE, and the identification 
dependency of the enlity sel CHILDN~N un ~~noY~E does 
not uist. , lf the sorne diamond-shJ¡>«' bu< has tite names E 
aild EMPoCitlLD, titen the relations.Jup se• tMP.CIIlLD of the 
entity 'seiS EMPLOYEE and ClttLDNf~ 1nduJes tite existence 
depcndency of the entity set CHILDREN vil EMPLOYEE.lfthe 
same diamond·Shaped box has the nam< 1 MP·CHILO, then the 
relationship sct Io:MP.CH!LD lncludes the ••\Stence and ldentifi·, 
cation dependencies of the enlity set CHtLOREN on EMPLOYEE. 
Without this: diamond·shaped box, it indica tes the existenco 
and identificatlon dependencies of the en1ity set ClllLOREN 
On EMPLOYEE. 

De/initlo/14: A va/ue set Vis defined as V= (u/p{u)}, where 
pis the aforementioned test predica te. 

De/inition 5: Let E= {E11i<t<n} be a coliection of fi. 
nlte entlty sets. Let V= llf!1 V¡, 1 <;m, be a Caneslan product 
of value sets. Let R !: ll7.1 E¡. 1 < n. A mulrivalued attribute 
F ls deftned as F !:R X V. lf m .. 1, then Vis a value set. lf 
n.= 1, then R is an entity set, and F is a mappiiiK from an entity 
set lnto a value set or a Carteslan pruduct of valuc sets. If 
n > 1, then R ls a relationship set over E, and F ls a mapplng 
from a rclationship set into a voluc set or a Canesian product 
of value sets. In particular, if F ts a funcrion which maps R 
into V, in notation F:R-+ V, then F" c•lled a single-vahred 
attrlbute. 

Exampie 2: Consider the en lit y se,, "'" · rt n and EMPLOYEH 
and their relation>hip set PROH'M ~, •'" · ,, " 111 Fig. 2. The al· 
tribute STAKTlNG·IlATE is thc date 'llal •" elllpioyec srarli 
working for a particular project, ané t!tc: J:lllbule %-oF·TtME 
is tite percentage of time thar an ""',•iuyce 1s expected to 
spend on a particular project. The e u•" q·; uf allribuies uf a 
reiationship is importan! in understan'''"~ thc semantics of 
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is a finite sel of multlva!ued attrlbu res. 
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Lct E¡ be a linlte 5tl of distbJCI entlties. !.el e; and r;· be 
subsets of E1• lf R ¡;b'; X E;', then we can always w11'e E, 
lnto enlity sets e; ande;·. For tlus re•sun, "''thOUl l.•cS _,r 
generality, we can hnpose a restrlcllull 1nat :• /:' is a stn,; ''"n 
set, then R = ~; that is, no relntlonshtp >Cl 11 1< be delinc~ ·'" 

• the single ton set E. 

Fig. 2. Valuc acta of diffcrcnt typcs and attributcs of cntily sets and 
rclatlonshlps. 

We m ay restrict F lnto a sol of functions F1• Ea eh F1 is a 
funclion whlch maps an entlty set ora predeflned relationship 
set R into a val u e set or a Carteslan product of vaiuc sets. 

De[/n/r/on 8: In M, if F= {F¡IF1: {E. UR}- n)'J, V,1, 1.;;; 
u1 <p} ls a finito set of attributes, thcn Mis sald Jo be a ele ter· 
minlsllc enlily·relallonshlp relallon Mover E (DERR). 

dala. Thls concept ls similar to the relalionship data In net· Def/nillon 9: A delerminiSiic eniiry-re/atiomhip model 
work (CODASYL) type database systems, and similar to the (DERM) is delined as a coUectlon of Jetcrminbtic entity-reia· 
inlersectlon data In hierarchical type (IMS type) database ' tionship relations; otherwise, it is a ,,,,dererminisllc enrily· 
syslems. relallonship model (NERM). 

In sorne cases, an attribute mny hnve more than ono valuo In the seque!, we shall use the term, cntity·relationship rela· 
for a given entlty. For instance,, thc PIIONE·NO ofanemployee tlon, if the nondeterminism and determtnism are not needed 
x may havo moro than one vulue. In thls case, we put 1 :N to clarify. 
besidc the arrow to indica te that 11 is a mullivalued attrlbutc. 1t also should be noted that the entity-relationship relation 
lf the home phone numbers and the oflice phone numbers Me (E, R, V, F) can be displayed In a table form, shown in 
of the employces are of lnterest, then HOME·I'HONE·NO X Flg. 3, whlch demonslrales information about cntities in an 
OFFICE·i'JtONE·NO, which is a repeating group, may be taken entlty se! or information about relallonships in a relalionship 
in lo consideratlon. Bolh vector (1he Cartesian product of set. Each row of values is related lo a rcla•ionship, which is 
value seis) and rcpeating group are dala-aggregates of different lndlcated by a group of entities, each hav1:1g a >pecilic role and 
types, For the latter, both HQME·PHONE·NO and OFFICE· 6elonging lo a specific ehtity se t. Ead• "''u"'n ts relaled to a 
PllONt::·NO are referred lo be jndividually addressable groups value set wlúch, in Jurn, is relaled Jo an att•'bute. The order· 
of dala items. Thus, in 1he enlily-rclationship diagram, both ing of rows (tuples) and columns is in>~gn¡(¡canl. The whole 
HOM!i·PHON!i·NO and on-tcr¡.piJQNF.·NO shouid be created. tabie shown in Fig. 3 is a determinisuc elltity-rclatlonship rela· 
Each of lhese· attribqtes mapa thc entity set EMPLOYEE lnto !Ion, lf each dlslinct relatlonship has une and only one value 
a vaiue set PJJONE·NO. tu pie. , 

Definltion 6: An enlily·relationsillp dlagram (ERO) is a In Fig. 3, that both the relaUon narncs and the relation 
diagram which consists of a collection of entity sets and rela· scheme In the tablc are used for describ111~ the structure of the 
tionship scts and their associatlons, wlúch are in thc upper reiatlon .M= (E, R, V, F) is caiied its intcntion, which is static. 
conceptual domains, and the a !tributes and value sets which That the relatlons in the table are used for denoting a set of 
are necded to describe the properlies of sorne of the en tilles tupies having the appropriate structure. ts cal:ed ils extension. 
and relationships which may be of interest, in the lowor con· ·In thls paper, we shall use the term rela:'un ,,heme to refer to 
ccptual domains. an intenlion; that is to refer toa structoiJ: descnplion of an 

l:'xmnple 3: Fig. 1 illustrales tl~e ussociations of the enlity entlty·relalionship relalion, and the lel!lo r<'iattonai schema to 
and reiationshlp seis. Fig. 2 illuslratcs thc ntlributes and value refer toa colleclion of inlentions. 
seis necded to describe Jhc propcrtics of sorne of the en tilles Example 4: The entity·relationshlp dta~ram shown in Flg. 2, 
and relalionships whlch 1nay be of inleresl loan enterprise. A can be organized in a collection of tabie l'orms, shown in Figs. 
diagrant of Figs. 1 anu 2 is an ERO. 4-6. Thcy contain infoimation about cnlitics in lhe cntity 

Drjinirion 7: A IIOJui<·trrministic entity·rclarlonship re la/Ion sets, ~M l't.OY Et: and PROJ t¡CT, and in !'u""" tun abou t relatiun· 
M ot•er E (NERR) 13 ucfined as M; (H,R, V,F), whcre ships bctween ;wo cnlity seis, EM~, r,nc ,,,,d PROJECT, in a _ 

E= {E111 .;; ¡.;; 11) is a collcction of countable rclationship set I'ROJ·EMP. In Fig. b. '!1e .1": .oute' STARTI NG•· 
cntlty scts, DATE nnd t;"'o-O.t'·TIMt<; are the .Jttritl,dL'' \\ 1 \J<.::~ map thc rcl;~~·~. 

" R f.: JI E¡ is a prclictincd rciationship set ovcr E; 
1•1 

if 11 = 1, then R = ~. 

V = { 1'111 .;; ¡.;; m) ls a colkctiun uf coun lable 
value sc:ts, 

tionships. O[ Jite rclatiOIIShip SCI l'il• u ¡¡JI'; the Vaiuc SCIS 
MONTJJ X tlAY X Yl(A,R and '7v-UI··J 1"' r<>pecllvely. Th<')' 
are neilher Jhc allribulcs of !iMI'l.OYI\·. Oh,JJ Jhe lllribules or 
PROJECT, sincc Jhcir mcanings ucpeuJ ou ~uth Jite cmployec 
nnd projccts involveu. · 

In thc rcmaining s<·cllon, we shall show that both N ERM anJ 

1 ' 
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.Fill:. ~· A nondc;;,~~inisti~ cnlily·rcla1ionshiP rchuion, &MPLOYE2-QN• 

OJ.ti~.::r: !l'!f9~rn¡.ation about rclulionships in thc rcl.ltioruhip set.PRqJ· ,. 
DER~ ha.vp tlw ~ame stre~gth to characterile tl;e information 
about cnliti~~ ,ílf o givcn entity set or the information abou.t 
relatiom:hip~ of a given relationship sct. Given a~y of these 
entitics ~nd ,rcl~tiqnships .• the associatcd information can be 
retr.i.cv~~ \11 ~~~ ~li~Jl.t.fqrm. · 

De!/illiticm lV: Let E be Ju , .. : •y stl Le! R ~ :!~ .. 1 1:'1 bo 
a ~~·lations.hip s~.·t ovcr a coll..:~lhlll vi entlly ~cls E1, 1 ~ i ~ 11. 

l.ct F= {F11F; ~ {l!UR} X llj!1 V11 , 1.;; • .::m, l.;; u1) b< a 
sct of a !tributes. Let K~ {F1, F2 , ···,F.¡ 1 .;; 11} b,,a sub><l 
ofF • 

as 
Then, for any e in E,tlte operator K o! a11 e11tity e ls deflned 

K(e) = {F1 , F,, · • · ,F,j} (a) 

a(F1 (e), F, (e),· • ·. ,F,, (a)) 

"{(x 1 ,:c2 ,······,x.)lx1 ~Ft(a) .and 

x, En v;,.:L~ ?.- ~~}· 
J~\ .' . : . 

Lei r be a relationihlp .<e1 "e', ...... en> In R. Tha oper.a­
tor /( ofa re/arionship,r.islle!ln~as 

K(r)" {F1,F2 ,··· • ,F~}(n) 
= (F1 (r): ~,(r),.., .. ;.~f,.@ 

. · Fl(x1 .,\), ·:··· .• ~.)~1s;·Jf1 ~) lend 

.~¡E ñ Vl/':1 ~~~'}h .. 
Dejinftlon 11: ·J..et M . .: (.lii,.R, :Y,,.1") be llll.entity,re!atlon· 

shlp relatlon. Let x be .a lllple ~~ ;~2, "·',.t.), Wc.iay:lluit 
the tu pie x, an informatlon of.an entiiy .e In ·!he .entity .set.E 
(or an information of .a relalionship r in the relalionshlp ~~ 
R), can be deriyed from M.if.F"' {F1.,.J?2 ,. • •· • , F. }:is !he set . 
of attributes of M su eh thatx·!E.F(e) (or.t ~F(r)) isJnM •. 

Dejinltion 12: ·Coosider :ty,:o .eotity.-relat!onship :télatllllls 
J,f., (E, R, V,F) andM' "·(E~.R~,;V~;F'), wher~:Esoc{E1 1.1~ 
1.;; n} and .6'',. {Ejl.l < 1 o;; m}. :J..et.S -'-En E~. (lf.R llnd.R' 
Are not cmpty; theo .let .R .~.s.x:nJ.,1E1 , ·whete :1 ~q-oio:tr, 
E¡ e~. an,d E¡ ~f· and l~t:R'~;XIq~1Ej,whete!l~p~ 
m,E¡EE, an~ E¡ r/:§.j) · . · .. · . 

We say that M presefll~s.ltl' under.iSif:and only lf:any·lnfor· • 
matloo {x¡, x,, ....• ,xk) of.s io . .S.-that.can he derlve4·from 
M',. cao also be derive¡! from M, .whcte :1 <k·.< IFI, :I<J;,.¡; 
IF'I, arid X¡ E n;!l V¡/'aod.xrEillj'.ÍIVi/' :I'¡,E'I';Jil~ :vil'f::l'~. 

We say that M stronc.IJ.Presefl'e.s.ltf'.under S.if .aru!Jm!y.i(M 
preserves M' under S nnd.ltf'·Aiso1lte&erv.evl1unMr~. 
· Let [) = {MIM"' ($, R, :V; ,F,) ls ao .entity,[elatlonlhlp~Ubl; 
!loo} 1111d D'" {M'W' ,.,(ft,:R~. :v~.F}is an enlityro:'laÍIQ11· 

"$hip relatlon} b.e !he .~otlty rr~lat!Jintlllp :modeis. ILAtiS"':{ISII 
Jor .every M= (E:, ~. :I',.F):in.l>.and.<tf'-=.(8~.11.:1'~.1P':)Joat, 
S' r;. en E', orfor .e-.:ery,:M"';(li:,!qj'..1.E¡,:I'.F) arullt/' .. ,(8:, 
n?.1 E;, V'., F'), S'' {8¡l:l·"l·".P} n {E;I:l <.'l~q}.}. ·WA 
say that the mod~l D ·presqr.v.eú/re ,modtl :D' :undar:S iif :arul 
only if, for every ~ntity,rclationshlp :r~lation 'Ir!' iinlD~. :'thmll 
corresponds so me entitY,,r.elatillruhip !U! la tilln.M:io1Dmh Llhnt , ·, . ' 
M preserves M undQr:,V .• · 

We a !so. say tho.t rile modtJ/Ifj) >tlrolt/IIY r¡>mflljli!J 1lhe ,modJI/ 
.()' under .S if and on\Y ,if J) 'Jl'AMlr:wJJ' '.Ltrulqr§.,:llruiJLl'·:PU" 
SC!Ves.D 111\dcr S.. 

l.t should he noted tha.t,:ln:modllls,D JuUi.:D';S:is:ll:lllillecUoo 
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of subsets of enthy sets of relalions in D and D'; or a collec· 
tlon of subsets of lnvolvcd entily scts In thc relationshlp sets 
lnDandD'. · 

Í1teorem J: Let M = (E:", R, V, F) be a NERR. TllCie cor· 
r~sponds a DERR M'= (E', R', V, F') such.that M' strongly, 
preserves M undcr E U R. The converse also holds. 

8~ . 

for cvery 1 < 1 < t, 

K1(r¡) 

and· · · 

ls undefined for 1 < 1 ;1: 1 < i, 

.K(<r¡, r2 , • • ,', r1>.) = {K ¡ 1 K2 , • • • ,K1} 

•(<r¡,r2,· · · ,rr>) 

~(K,(<r,,r2 .- • ·,r,>), 

· ·x2C<rr,r,, .. · :r,:>),-... , 
K1(<r~or2 , .. • ,r,>)) .'· 

(1) 

e~· . 
. "} 

= (K1(r1),K2 (r2 ), • • • ,K1(1'1)). (3) 

Proof: For cvery F1 ¡;;_R X U/~ 1 V11 1ri M, crea te arbltrarUy. 
an entlty set Eí such that Ej and U/!1 V1Lis cine·to-one corre· 
spqndlng, Theo, let·R' ¡;;_R X ll/!1 V '.t. Construct F'!::.R' X 
11)'!1 V1 as follows. Whenever rER, F(r)" {F1 , F,,. ... , 
Fm}(rJ = {(x 1 ,x2 , • • • ,Xm)ix1 E 11/!1 v,1, 1 < 1 <;m} ls In M, 
titen for each (x 1 ,x2 ,···,xm)EF(r), we have<.r,x1 ,x;, 
... ,xm> ER', F'(<r,x~.x'J~ ... ,x, ... ¡ .~¡~Xftlt ••• ,xm>) e 

.x1 is dellned by Fj ¡;;R' X U/!1 V11 for 1 < 1 <m, and F'(<r, 
-~t. x,, .. ·,xm>)={F;, F;,. .. ,F;n}(<r, X¡, x,,. .. ·, 
X m>)= (x

1
, x

2
, • .. ,X m) ls In M'. Clearly,Fj: R'-+ 11/!1 V11 

DefitÚtlon 14: Let M= (E, R, V, F) be an entlty·relailon· 
and /tf' strongiy preserves M under R. From the dellnltlons, ship relatlon, where E= {E¡I1 < 1 < n}; R ¡;; 11;'.1 E1, 1 <, ii, 
the converse also holds. • and lf n = 1,tlie R = ~. and F = {F¡IF1 ¡;;{E., U R} X U/~1 V11;_' 

Corollary J: The NERM and DERM have tite same strength .1 <U¡ <p}. Then K, a subset ofF, la ~ superkey of M !f, for 
to characterlze the same Informa !Ion about entitles of a callee; every r nnd r'ln Ea U R, r * r'lf and only lf K(r) * K(r'), and. 
tion of entity scts or the same lnformatlon about relatlonshlps ·. both K(r) and X(r') are single ton sets. . , , .. · 
of a colleclion of relatlonshlp sets. . In particular, lf E 1s an· entity set (i.e.,R ls empty), then' F::: · 

Proof: lt follows from the definltions and Theorem l. {F¡IFt f: E X U)'!1 V¡1, 1 <u¡< p}. Then K, a subsét of F,ls a:·' 
In the entlty-relatlonship approach to the loglcal data base . superkey of M lf, for every e and e' In E, e* e'lf and only lf ·· 

deslgn, one of the majar steps [2]1s to ldenllfy the propertles K(e) ;1: K(e'),'and both K(e) and K(e') are single ton seis. · 
of en tilles and relatlonshlps, whlch are of lntcrest to the en ter· · · Tho sel K'ls a key of M lf lt ls a m!nlmal superkey .·K ls tho 
prlse. That ls, we wish 10 ldentlfy aúrtbutes and value types prlmary key of M lf thc mlnlmal superkey Kls seleclod as key .. 
for th'e en tilles and rclatlonshlps. In order to reduce the of M. . . · ,' Jo. 

amount of redundancy in the storcd data and.lo mlnlmlzc the Clcarly, an enllly-relatlonshlp relatlon M can have many 
problem of inconslstency In thc stored data, the funcllonal keys. A superkey ofM ls any set of attrlbutes In M tha:t'con· · 
nttrlbutes are deslred. However,ln the process ofloglcál data· ·tains a key of M. Every key ls also a superkey. Furthermore, 
base dcsign, it bccomes difficult 10 designa database if we are . if M. is a dctermiriistlc enlity-relatlonshlp relatlon, then K, a· 
allowod to use only functional aitrlbutes. By Theorem 1, we subsel ofF,_Is a superkey of M lf, for evory r and r'lnEa l.! R, . 
can use rdational attrlbutes and vaiue types to ldentlfy the r,Pr'·lf ilnd o¡¡ly lf K(r),PK(r'),and both K(r) andK(r'}aio 
properlics ofcnlltles and relatlonshlps, and tl\en w4 transform slngleton sets. · 
these relational attri~utes lnto funcllonal attributes. · Qased on the. methods . of ldentlfylng en tilles of relatlon· · 

shlps; the enlily-relatlonshlp relatlons can be ldentlficd 'IÍlto 

111. ENTITY ANO RELATIONSHIP RELATIONS · . · four lypes, Wlthou l loss of generallty, Jet K and F be dlsjolni 
sets of attrlbutes. ' 

In thls sectlon, we shall identify an entity-relatlonshlp reJa. Definltlon JS: Let E= {e¡ll <l<a} be a countab1e entlty 
tlon lnto one of thc four types: a regular or weak enllt:t rela· .se t. A 11ondetermlnlstlc reguku entlry relatlon (NRER) Mover 
tion, or a regular or. weak relationship · relation. Thty are. E 1s denned as Me" (K, R, v, F) where R "~. V= {V¡ll.;; 
different from the entity-relationshlp relatlon In the senr.e that 1.;; m} is 8 collection of va1ue sets, K= {F;, F;, •.• , F~ IFjf:; 
they idcntify tho en litios or relatlonships of tho c'ntlly·rela· E X llj!1 v11

, Fj ts not In F, ¡ .;; ¡.;; n} ls the prlma:ry key, and 
tionship relatlon by valucs, whlch are clements of a Ctrtcslan F {~'1 f 1.;; 1.;; k F: ( ) n•t } 
lnoduct ofv~luesetsorelements'úfavalueset. · ". · 1 01 evcry ' tf::.K E X J•tVtr 1 <ut ls 

thc sct of tho a.ttrlbutes. 
In Scction 11,-we hilve defined thc operator K of an 1 ntity e 'De/illltlon 16:· In Me, lf F "! {F¡I for cvcry 1 .;; 1.;; k, p1; 

and thc opctator K of a rclationship r. We extend the nperator . K(E) .... n¡!
1 
v

11
, ¡ .;; u¡} ¡1 . the set of (functional) attributés, 

K into a sct operator {K, • K, • · • • • K,}; each K, contalls a set then Me is sald lo be a deten11/niJtic regular e1111ty re/atio11 
of al tributes F1..,. · .(DRER) M ovar E. 

Definition J 3: Let E be an cntlty se t. Let ll'¡" {E¡ : 1 </ < Defillition 17: Let E'., {E¡Il <,l.< n} be a collecllon of. .. 
111} be a collccllon of rnlity seis, whcre 1 < 1 <t. ·..el R ~ II" 1 countablc cntlty sets. Let El/:. E-' be a countable cntity se, ,, 

;.1, Et¡ be a re la ti )llship se l.. Lct R ¡;; 11¡.¡ {E' U .:, } · Let . Let K1 bethe prlm~ry kcys of the In volved cnlitics E
1
• A non· ·•· 

F, = {F,.., IFtm f::. {Hu R,} X 11;!~•Vt,)• 1 < 1 <t. Let K¡" determin/stic weuk entity re/ation (NWER) M ovar E a11d E' 
{F¡,.V¡,,· .. ,F,,.).Io:;.i<t. LetK= {K,,Kl•"' ,K,). ls defincd asMe.e' 'f'.(K, R, V,F) whctc R ~117. 1 E1 X E is 

Titen, for any <r,, r2, · • ·, r,> E R, whcre T¡ E/: 'J R¡, tite . .. a rclalionship set over E'' andE, V= { v, t 1 .;; ¡.;; 111) ¡1 a col· 
opcrator K of a rc/atiumhl¡> <r1 , r2 , • • • , r1> is dcftu:J rccur· lecllon of value sets, K" {K1 , K 2 , • • • , K,,¡:; , F;, ••• , F~ 1 
sívcly as fúllows: 1 < 1 < 11, 1 <a< k, K1 ¡;; b'1 X 11/!1 v11 , whcrc 1 .;; u¡ and 
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V11 = B~. 1 v;, 1 .;;; p, for so me v; E V, and F~ S: E.;; 11/!'1 ~"1' 
V., E V} is thc primary key, anJ F= {F¡IIIlr 1 <.¡<;q,f¡r:; 
K ' 11j!1 V1 , 1 <. v1} ls tlle scl of altrlbulcs. 

,_ ,.tlilion J~: In ME,E'• if F={Ftl for ¡c:;¡.;;q, F¡: 
KtR)-+ Ilj!1 V1, 1 <. v1} is lhc scl of atlributcs, then.Mb',E' is 
saiJ to' be a delcrmlnistic weak entily rclation (PWER) M o ver 
t: andE'. 

D<•Jinlt/on 19: Let E= {E111 <.t<.n} be n collectlon of 
countable entity sets. Let K1 be the prlmary keys of the In· 
volved entllies In the enlity set E1• Then a nomletemlinist/c. 
reg11lar re/ationshlp relat/on (NRRR) Mover E is defin~d as 
ME= (K, R, V, F) where R ¡;;. 11j.1E¡ls arelationship se¡ over 
·E, V= { V111 <.1 <. v} is a set ofvnlue sets, K= {K,, Ka,'.··, 
Knll <n, 1 <.J<.n, K1 !:b'1 X 11)'!1 V1 , wherc ¡.;;;u¡ and 
V;¡= 11~. 1 v;, 1 <.p and for some v; E~} is the prln¡ary key, 
and F = {Ftl for 1 .;;;¡.;;;k, F1 5:: K(R) X 11)'!1 V11, 1 ~U¡} is 
thc set of attributes. . 

De[inltioll20: In M6 ,!f F= {F¡I for 1 <.i<.k,F1:K(R)-+ · 
11)'!1 V11, 1 <. v1} is the set of attributes, then ME is snid to be a 
Jetcrmmistic regular re/ationsllip relation (DRRR)M over E. 

D,•finition 21: Let E= {E111 oi;; ¡.;;; n} andE'= {E;J 1 .;;;¡.;;; 
m/ be disjoint collections of entity sets. Let K! be the'prl· ·. 
mnry keys of the involved entities ln Ei. Let K1 be the prlmary 
keys of the involved entitics in E1• Then a nondetermú¡/stlc 
1wak re/ationshlp i·elation (NWRR) M o ver E andE' is detlried 
as·", E'': (K, R, V, F), wherc R l: 11f!1Ej X 'IT?.1E1 !s a rela· 
¡¡, p set o ver E and E', V= {V,¡ 1 "1 <:u} is a collection 
uf val u e sets, K= {K\, K;,· • ' , K;,., K1 , K2 , • • • , Kn 11 <.m, 
1 < 11, for 1 <.a<. m, K~¡;;;, E~ X 11)'!'1 Va1,·whcre 1 o;; Va and . 
V01 = l1~. 1 V~, ¡.;;p and V~ E V, ánd for 1 <.s.;;n, K1 5;. 

E, X l1jt1 V1 , where 1 <.v1 and V,1 =l1~. 1 V~', 1 <".p and 
V~' E V} is {he prlmnry key, and F= {Ftlfor 1 <. 1< k, F¡ ¡;;;, 
K I.R) X 11)'l., V11, 1 .;;; v1} is the set of attr!butes, 
· Definltion 22: In Me,E'• !f F .. {F¡I for ¡.;;¡<.k, F¡: · 
K (R)-+ nj!1 V11' 1 <: u1} ls thc' set of a !tributes, thcn Me, E' ls 
said to be a Jetirministlc weak relationship relation (DWRR) . 
Mover E andE', 

E.rample. 5: Flgs. 7-13 demonstratc the table forms of tho 
regular ent!ty, weak ent!ty, regular relatlonslilp, and wcak rcla· 
tiomhip rolations. Thls dcslgn of table forms does provldc to 
th" uscrs a clariiy, simp!!city, and unity of the concepts and 
1he mucture of the entity·relationsh!p relatlons. 

In Fig. 9, the involvcd cnlities In the regular relatlonshlp 
re!ation are represented by thcir pr!mary keys, EMP-ID and 
PI\OH D of thcir regular ent!ty rclations, EMPLOYEE·RECORO, 
and PROJECT·lNFORMATlON, respectlvely.· The role names • 
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Fig. 7. A nondctcrministic regular entity rclatlon BMPLO~Eli·llECOao.· 
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Fig. 8. A dclcrmlnistic regular encily relallon PROJECNNFORMA.¡ION, 
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Fis. 9. A nondecerministie n:sular relatlonship n:lacion, · EMPLOYIBo()N• 
· PR!IIBCT, 
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Fig. 10. A delcrminisclc n:gular relatlonship n:ladon, EXISTBHCII·DIPIN• 
. DEHC't·IMP-CHILD. 

providc thc semantic meaning for the values In the correspond· PARENTS.RECORD, shown In Fig.l2, the pnrenta are'Jdentltled 
ing columns. In the regular entity relat!on CHILDREN·RECORD, by the!r names and by tho. values of lho prlmary key of the 
shown in Fig. JI, the dependen u are ldent!fied by the!r chil· . employees support!ng them, Therefore, the appearance of lhe 
drcr '·lentificatlon, CHILD·!D; NAME and AGE are attributes of EMPLOYEE·RECORD afflliated with the PARENTS·RECORD In• 
tiH endents. But, lhc appearance of EMPLOYEE·RliCORD dicates thc existence and !dent!ficatlon dependencles of tho 
affillatcd with Jhe CHI LDREN·RECORD indicate.s that the exis· entity set PARENTS. on another entity set EMPLOVEE.· PHONE· 
tence of the entlty Set CH!LDREN depends on EMPLOYEE, NO ÍS the onJy a !tribute of the patcnts, Fig. 13 !s a weak reJa• 
However, slnce thls existe neo relat!onsh!p of the entity sets tionshlp relatlon, 1n wlúch, YEAR.OF·MARRIAGE ls an attrlbute · 
EMPLOYEE and CHILDREN without any ident!fication pur· of the rclationshlp set MARRIAGE over lhe cntity set PARENTS. 
po,,e, it must be represented ln a tnblc forni g!ven ln F!g. 10, Each of the relationshlps ls !dent!fied by lhe NAME of FATllER 
antl <loes not hove any attribute and value. In the relat!on and NAME of MOTHER and thelr children's EMP·tD supporting 
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Fig. JI. A dcterministic regular entity relation, CHJLDREN•RECORD. The 
tablc abo shows thc c~tistcm:c ·depcnd.:ncy of CltiLDREN on IIMPLOYfE, 
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Fig. 12. A dctcrministic wcak cntity rclation, PAREN-rs-RECORD. Thc tablc 
also shows thc existcncc and idcntification dcpcndcncics of PARli~TS 
00 EMPLOVEE. 
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Fig. 13. A dcterminiitic Wcak relationship rclation, P~RENTS-oMARlUAOII .. 
ucoao. Thc ltlblc alsO shows lhc cxistcncc and idcntification dcpcn .. 
dcncics ot PAlENn on E•iPLOYEB. 

them. The appearaJI'ce of EMPLOYEE·RECORD affiliated wlth 
the PARENTS·RECORD also indica tes Jhe ·exlstence and ldentl~ 
fication dcpendcnclcs·of the cnlity sct PARENTS on anotlier 
entity sct EMPLOYEl· .. 

!n concluslon, thcrc corresponds a rclatlon (of table form) 
for revcry entlty set or rclalionship sct In Jhe enilly-relallon· 
shlp diagrnm. For any enllty sct E', tho ldentificalion of the 
en tilles in E' ls dc¡;cndcnl on anothcr entity set E if and only 
lf thc rclath>n for the cJJJity sct E' is a wcak cntity rclatlon in 
wlrich Jhe prlmary key ls Jhc combinatlon of thc prim:11y kcy 
In thc rclation for H and an attributc (or possibly a sct of al· 
tributes) in thc rclalion for E'. Purthcrmorc, if thcrc ls a rela· 
tionship sel R ove: the cnJIJy sct 1:'' and othcrs, thcn the 
rcbtion for thc rcl: tionship sct JI is a wcak rclationship rcla· 

tlon, and vice versa. Otherwlse, the relatlon for any ent¡ty 
set or any relationshlp set ls a regular enUty relallonor ~. ~egu­
lar relatlonshlp relation, respectivcly. · . ·;: · · .· 

Definltlon 23: A determlnl!tlc ·entlty-relatlonshlp. rnodel,l? • 
1s dcfined asD = {MI for evcry M,M ls one ofthe det~nninist'~~ 
typcs:· a regular or weak entlty ie!atlon, or a regular or weaK 
relatlonshlp relatlon}. In D,lf one of the relation~ !s nondeter~ 
rnlnlstlc, then D is sald· to be a nondeterminlstlc entity-rela· 
tionship mode/, . · · · 

Definltion 24: LetM:o (K,R, V,F) be one ofthe re_gular or 
weak rclálion, or regular or'weak relationship relation. Letx. 

· be a tuple (x 1, x2 , • • ·, ,xnl· We say that the tu pie x, an.Jnfor· 
rnatlon of a j¡¡ven k, whlch ls a value of thc prlmary key K;crm. 
be derlved frorn M lf F = {F1 ~ F2 , • • • , FnJ ls .the set of a ttrJ! 
bu tes of M such that x EF(k) ls In M. . . . ,. ' 

Note that k ls elther :a· value In V,. for sorne V¡ In V, .or a 
tu pie In rij'.1 V1, for V1 In V, and k represents unlquely. ¡¡n'' 
entlly ora relatlonshlp, respectively. . . 

De fin ilion 25: Conslder two relatatlons: M"' (K; R, V; F) 
and M:'"' (K', R', V',F') whlch are one of the types: a re¡¡Uiar 
or weak entlty rclatlon, or a regular or weak relationship rela, 
tlon. I.AtSf::,KnK'. We say thatMpreservesM'.underSif 
an~ only lf any lnformntlon (.~ 1 ; xa, · .. , Xt) of s, which is a 
val u e of S, that can be derlved frorn M',. can also be derived 
frornM, wliere 1 <k< IFI and 1 <k< IF'I, and x¡ E ri/~ 1 v,f· 
and x1 E ri/!1 Vil' v

11 
In V and Vj1 In V'; We say that /t, 

strong/y preserves M under S lf imil only lf M preserves M 
underS, andM' preservesMunderS. . ,, 
· Slmilarly, we say that the rnodel D preserves the rnodel ¡j,(·'' 
under S"' {S'IS' f::,K n K'}, If and only lf for every relat!on 

, , 1 • ' , ' ' . 1 
M =(K , R , JI , F ) In D , there corresponds sorne relatlon 
M= (K,R, V, F) in D such thatM preserves M' under S' Jn S. 
· We also say that t!Je model D strongly preserves. t!Je model 

D' under S If and only lf D preserves D' under S and D/ pre .• 
serves D under S. . . · . . : .' · 

. . , ' ' 
It should be ·notcd that, In thc relatlons M and M •. S·.Is a 

subset of K, where K ls descrlbed by a group of attributes't~at 
are uscd to identlfy unlqucly en tilles In tlie enUty set, or reia· 
tionshlps In the relatlonshlp set. 1 ls rm attribute value, whicl¡. 
ls an elernent of a Cnrteslan product of value sets or slmply a . 
value set. For thc rnodel D ana D',S ls a coUcctlon·or attrl· · 
buJe sets S'; each nttribute set S'ls a subset of K' and K.· · 

IV. RELATIONSHIP BETWEEN ENTJTY (RELATIONSHIP)i . 
RELATION AND ENTITY·RELATIONSHIP RELATION' : i 

In· thls secÚon, we shall show that tho entlty-relatlons!Íip 
re!Jitlons can be translated exaC'tly lnto relatlons of the user 
schema. We shall demonstrato the fact that each tuple ofiu1y · 
entlly·relationshlp relat!on can be'uolqucly'ldcntitled by soo1e · 
prlmary keys. B~slcaUy, any entlty key.ls a group of attributcs. 
su eh lhat thc Jf1appÚtg from thc cntity set onto the corres pon~ 
lng group of valuc seiS ls one-to-one. lf we cannot find su~. 
a onc-to-one mapping on available data, or lf s!mplicity· íri 
idcn!ifying entltics ls dcsircd, wo may define an arlifical al· : 
tributo and a valuc set so that such mapplng is possiuly de·' 
fincJ. ·¡n the case whcrc sevcrnl keys cxist, we usually choosc 
a scmanllcally mcanin~ful key as the cnlity prlmary kcy. 
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In ccrlaln cases, 1he enlilics In an entity sd c:mnot be . · l'f<~Jf: .In the pruof of Theoreih 2, ll can be· shown· th3t d 
uni<¡uely idcntiOcd !Jy thc valm•s uf 1hcir own attributcs: then thc~sct ófattributes is indccd 3 set offun~tluns. · ... · 

: ;, ~ rnust use a rclatiumhlp(s) tu iucntii'y thcm. Thcorctlcally, CDI'illlary 4: Fur any NRER, NWER, NRRR, or NWRiUi'" . '¡ ': 
·,:m y kinds <>f r.:la1innships may be uscd tu idcntify cntities. (K, R, V, F), there ·curresponds 3 DERRM' .. (!:',R~. v';F.') · · '' 

!'he mc1hou o!' idcntit1calion of cnlities. by rclationships wlth su eh th.3t M' strilngly preserves M und~r K(l!: UR) ·or /:'U R • . 
o1hcr cntitics can be ·applied recursively until thc cnlities Thc converse ls true. · 

1 

1 
11 hich can be iucnliOctl' by thclr own 3ttril1utcs' val u es lite · !'roo[: In· the proof of Theorem 2, lt con be shown thot 
r<achcu. Thereforc, we'have two forms ofentity relatlons. lf the set of attributes th31 we h:ive constructed for the NERR 
rdatlonshlp~ are use u for identlfying the en tilles, wc shall call .. ~re functions. · . . . ,. . . . , .. 
ir a wcak cntity rcl.itiun. lf rclationships are not u sed for lden· Al thls polnt, we·can summ~~t.ize our results, whlch we havo 
rii'ying the entitics, we shall call ir u regular entity rclation. accomplished, in terms .of the following groph; Lct M and N, 

J 
l. 1 

¡. 
) ~ 

Sincc a rclationship is ldentitlcd by the lnvolved eutiÜes, thc rcspectivcly, be a nondetermlnlstic and i dcternilnlstlc rela· 
primary kcy of o rclationship. can be represcnteJ by the prl· tlon, each described by ¡>no of thc types: a regular prweak · 
;mry keys of thc In volved en tilles. We also ha ve two fo¡ins of relation; or a regular or weak relationshlp relatlori; Let P and . "¡ 
rdatlonship relations. lf all entltlcs In the relatlonshlp are Q be· o NERR and DERR, respcctlvely, Let M:+ N denote , : ¡ 
iJ,mtiOcd by thclr own attributes'. values, we shall call lt a that M can be transformed lnto N such that N strongly pre· . ·; : 
!'guiar relationshlp relation. lf sorne en tilles In the rclaÍionsWp serves M undor K(E U R), where K ls u sed to ldentlfy unlqucly . 'l · \ 
aro ideutiOed by othcr rclationshlps, we shall caU it á iveak· entltles In the entity.set E or relntlonshlps in the rel3tlonshlp 'i, 
r<lltionshlp rclatlon. Thus, we state the followlng. · set R; \ 
· Theorem 2: Fo.r any entity-rclatlonshlp relation M= (E, R, .... . ... , ' 
J', F), thcre corrcsponds a:regular or weak.entity relatlon, or • p M · · .. ¡\ 

a regular or weakrelatlonshlp rclatlonM' = (K,R', V,F),such·· ... . .·;,. 
rhat M' strongly preserves .M undcr K(EUR), tho lucntiOca· · "· \.\ 
tivn of entlties or· relatlonshlps. Thc converse is truc. ..,·:: ·. · ·\ 

Proof: Let Me, E' .. (K, R, V, F) be a iveak relatlonsWp ·.enterprise-user · : ·• 
rciation over E and E'. Then, we can construct an entJty.· schema user schema.: · ·~ .. 
··Jatlonship rclation M'= (E", R', V, F') os follows. Let t1 • ,., . . t •. 

,atuple.<e;,e;,···,e;.,e1 ,e1 ,····,e.>JnE'XE. Letta ·.· · ··: '• ·.¡1 .. \

1 
l•catuplo(z 1 ,z2 ,.··,zm,x 1 ,x2 ,· .. ,x.)lnnj~1 D}! 1 V1{X .· N ... 
n~.1 n~, 1 V,,.,.~vher~V11 andV, are.!_~ v: For eachK(t¡) = :: Q . 1 j 
i¡,l~havcE =(I:'111<1<0u(E¡Il</<m}suchthat · ,, .. '! 
:¡E t.:.;, for 1 <i <m and x1 Et.'1,for 1 <: 1 < 11, and t1 ER' S: , .. \ l 
11;'~ 1 1:'/ x n¡~ 1 E'1 • F' = {P,JP, s;;R' x n¡!, v,. 1 < 1 <k,!<. v. TitE ENrtrv·RELATtoNsHJP MooELs VERStJs .', · · · 1 

u1 su eh that for ev~ry /, F¡ EF,y¡ EF¡(K(t1 )j, where K(t1 ) = . 0THER DA!A MODELS . . i·;. :,- · : 
1¡ is deOned by F1 S:K(R) X n;t1 V11 1f and only if y 1 EP1(t2 ) In (21, [3) ;'[13), the u5e ofan cntlty-relatlonshlp dlagraril ,: .. ' :, .l,. 
is dollncd by P1}U {Píil <l<n, Pjs;;R'X n¡!1V1; 1 <u1 ls fully é'xplalned, along wlth rules and examplos for tninsbi··.··"¡.' 
su,;h that Pj(t1 ),. x1 E nj!1 V1L if ond on1y lf X¡ ell,(e1) for . tlon. loto. hle[archlcal or network .str;ucturcs. In. thls seetlon, ':.. 1 .. i 
~1 E 1:'1 ano K(t¡} .= t2 } •. Forl < 1 < 11, K1 = {F1 11 </<a}, we shall modlfy the major steps In 1ogJcal database deslgn usl!!g .: .. , 
Pj = {Pj

1
¡¡ <J<a, ~¡1 s;;R'X n:.

1
v;, such ~.~at Pj(r2)= .the entlty;relilllonshlp approach In (3),:[14). The modifled' : ' 

( · ) en 1 " h steps In logic:ll datobase deSlgn' con be. ·u·sed to der.lve endty· · :_ .... ·.· .· x1 = x1,, x1,, ·." ~x11 _ 1 , x11' x11• 1 , " • , x1a 1• 1 r 1/'w ere . ., . . . , ... " 
1~¡/ = nf •• v.; lf and only lf X¡ ;K(e¡) .. {F,,. Jo/, •••• •/t/-1 ... ·relatlonshlp relotlons that correspond equlvalenUy ~o 3NF .,, ,\ ¡ .; 
f 1¡, F11• , · • • ,F1a}(e1), and K(t¡) = t2 }, Clearly, N ls an relatloria of the relatlonal model • .'Henc:C.-Ihe use of cntlty'· ·,.:¡ ·.' 
cntity·rclationshlp relatlon such that M' strongly preserves relatlonshlp dlogram for trinslatlng lnto 3NF relatlons au~. -'.· j: .· 
.1/ unucr K(R). Similarly, Jt can be sho'wn In the same mon· ported by .the relationol databasc system can be.rcallzed. · : ·· , ·. . · ¡ 
ner that the olher types of relations can be transformedlnto In ihe relational model, lo Ulustrat~ tranSltlvc dcpendoncy;·- · ' 
entity:relationshlp relations, without loss of lnfonnatlon; And coirslder "a relatlon scheme S concerning lnformatlon· about· ': 
so is th~ converse. 'employees, de¡iartments where. they work, and the nature 10f: '·'.:, 

Coro/lary 2: For any entity.relationshlp model D, there COr• . the. work 'wlthln ihe depllttment (9), . .· . .'. 
1 .· . • . ' . 

rcsponus D , whlch contains a collectlon of relatlons M, each . · · .... 
<kscribcd by one of thc types: o regular or weak ent!ty reJa. S(E#, EN, JC, D#, M#, CT) whe~e. . . 

·,, or a regular or weak rclationshlp relation such that D' E# "employee identiOcatlon number, · ·: .. ,.·¡ 

· I!:N ~. e.mployce na. me, ,; '· ·, _ .. ongly preserves JJ under the collcction of primary keys 
KIJ:' u R). TI1e converse lf true. · JC ;. employee Job code,·.. · ... ,;,· .. 

Proof· 1t follows from TIJcorcm 2. • D#'" depnrtmcnt numtier oferñployeo, , · ... 
Mi .. ldentincation number ofdepartmcnt manager,.and. ':· .. ''-.~' 

Corollary 3: Fur any· NERR M= (E, R, V, F), there corre·' 
>ponds a DRER, DWER, DRRR, or DWRR M'= (K, R', v; · cr '"contrae! type (governmcnt or nongovernment). · 

F' J such that M' strongly preserves M uridc~ K(E U R). The · In the.dcscrlpiion of the datab&Se applleatlon,the functlonol · 
converse is truc. relutionshlps among applicatlon uttrlb~tes aro glven as follows.: .. · 

' . ··::) 
' ! 
' ... t .. 
i 
1 
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Each employee ls glven only onc job code and ls asslgned lo_ 
only one department. Each department has lts own manager 
and ls lnvolved in work on either government or nongovcrn· . 
·ment contracts, not both: Tite non trivial functional depen· 
dencles In S are auhown In Fig. 14 {the nondcpendcncles aro 
implled). Clealty, S!s not in 3NF. 

Using the proc,ess cif further : nQrmalizatlon, the relatlon 
schemo S can be converted tci a relailonal schema contalnlng 
SI (K/t., EN, JC¡ .D#) and S2(JJ.Jt., M#, CT). whlch are In 
3NF. In addltlon, no essentlallnformatlon has been lost, sincc 
at any time, thc original rclatlons can be recovered by táklng · 
the natural jolri Sl and S2 on D#. · . 

'1 

'. 

. p¡g. 14. Eumplc of scvcraltransillvc dcpendcncics~ 
'•! 

·Using the entlty·relailonshlp approach to the logical data· . . · 1 
• • • • 

bas~ deslgn, wlthout further conslderatlons, we mlght define PÍg. IS. An cntlty·rclatlonship diagran\ ror E>IP, whcrc EMI'-ID b _thc pri· 
. mary key. a,.{J, 8, p, X1 and «denote UiP..lD, EWP..Ni.ldE..JO~CO~I!, Hl5-

. the enterprise sch.ema for S,ln terms of an entlty-reiatlonship o•rr·No,_HIS·DSPT•>IAN.oEo; and n•s·wo•••wo-Pow-nre, rcspcctiVcly. 
diagram for .EMP (employee) whlch ls glven In Fig: 15, and 
then translute thls .enterprise schema into a user schcma, de· . 
scribed by thc rógular entlty relatlon EMP, which is given in 
Fig. 16. Clearly, all the undeslrable anomalles, that can be -
creuted by lnsertlon, updatlng, and deletlon of an tu pie In the 
rclatlon scheme S¡ can also occur in the regular entlty relatlon · 
EMI'. To elimlnato these problems, tho relatlon scheme S must . 
be pul into 3NF. That ls, tho relutlon scheme S must satisfy 
the property: every nonkey al tribute is fuliy functionally and 
non'transitively dependen! on t\le prhnary key. In the regular 
entily relatlon, EMP of the ERD for EMP, the attrlbutes whlch 
mup from.E# into their own vu1ue sets, are functionul. The 
detcrminlsm of entlty-relationshlp relations, described by the 
types: the regu1a·r or weak enÍity re1ntions, or !he regular or 
·weak relationship rclatloris, do not guarantce that the entlty· 
re1ationship re1ations can. overcome all anomalles wlth respect 
to storage operations. However, in Flg. 15, the entity·r~iatlon- · 
ship diagram for EMP does not capt~ro all the given semantics, 
niune1y, the given descrlption of the database appllcatlon In 
the real wor1d, , For lnstance, li does not inc1ude the fact that 
"cach department has lis own manager and 1s lnvolved In work 

· ou citluir governmcnt -or nongovernment contrncl4, not both." 
·In ·conformity to the· glven descriplion of thc database appll· 
cation, a number of directcd edges can· be added delillerately 
to·the va1ue sets In ihe ·cntlty-relutlonshlp diagram fOT EMP. · 
llowcver, the olltained diagram glvcn in Fig. 17 ls no longar an 
elility-relationshlp dlagram. . . . . 

In order to coi1form to·the semanlics "each dcpartment has 
11!: own·manigcr arid is involvod in work on either goycrnment 
or· nongovcrnment contracta, not both," and Jo preserve thc 
property of an ent!.ly·rc1ationship · diagram, a re1ationship set 

· ru;PT·MANAGER · must" be crcated. The re1atlonship sct ts a· 
onc-to-one mapphig dolii-ted on two enlity seis llP.I'T and F.MP. 
TI1_e rc1alionship scl. has u funclionnl attribute INVOLVEO· .. 
PI<OJ·TYPE, whiclf t_nap·s rclationships of tho rc1atlonship set 
DEI'T·MANAGER into.'a vulue set CT (contrae! type). In Fig, 
18, tite enlity·r.·l3tionshlp diagrmu uocs conform to the run~­
tional dcpcndcndes, clven In Fig. 14. lt should be noted that. 
thc rcl~lionship sct ni,I'T·i·:loll' is a one·lo·many mapping d), 
fincd on IWO Cllli.ty SCIS IJEI'T and EM~; this construct justfn:s 
thc· fact that lll:t'T is funclionaily ucpcridcnt on EMI', Th: 
attrihute INVOtVEIH'IIOFI'YI'E maps funcliunaily rclatio.t· 
ships of thc rcbtionshlp sél I>EI'!·EMI' into thc 'vaiuo set CJ'. 

1 ' 

••• ... UlU. IICPdiJ:tJ. 

I'IIJMAilY rzr AftAIIlll'l 

1:141'-JD lltiLL-HO 

ro lr:wLOYU IIClr.L 
........... ,... ••• 

•• 1 • • . ....... . IJ:TI 

" u " 
1 .... • 1 "' •• • .1 010 • 
' 015 • 
' oos r 
1 ... • .. : 

' · Fig. 1.6. A regular cnthy rclation B~P •.. 

¡ 
.1. 

' .. 
• ~ -'¡ • 

Flg~:¡ . .¡; A dla¡ram· conformabl~ i~ 'thCfu~c:tio,;.l dcpendcnccs giv~~ 
· · · · In Fig. 14. · 

.. ". .. 
• 

•'.' 

1. 

·-.¡ 

'·1 . 

·}ll ~T 
C:)(:) (:) 

Fig. 18. A~ .,;,~y:rclatioJiship .diasram .Onccml~~ Jnrornuition abo~~· 
. . . ··. . . S'IP and Dla'T; h 

Titc.co~struct also conforma lo the fact that CTis functionaily 
dcpcndcni on I>EI'T and is transitively dependen! on FMP. 

llowcvcr, thc attributc tNVOLVIlll·I'ROJ·TYPI!, whkh maps 
functionally· refationshfps in thc rc1ationship SCI IIIWf·I:MI' 
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' 
Fi¡. 20. A regular entity relatlon IMP • 

••• ........ 
Fis. 19. An ·cnllty·reladonship dlagram conccrnlng infonnatlon about. 

· EMPando~. ~~··~"'~'¡'~on~·~~·"'~'wn~::~ 
J' 1~ nzn•HO ti<P .. ID 

into the value set'CT, ls redundan! because ·or ihe existence of . '·' : 
1
''"· "'""' -

the attribute ·¡NVOLVED·PRCli·TYPE whlch also maps func· . · """' "" 
tionally relatlonships In the reiatlonship set DEPT•MANAGER, · . ·,.:, " ,.. -

The exlstence'. of .the al tribute INVOLVED·PROJ·TVPE 'mapplng , . .. . ! l ··" · 
relatlonships In the reiatlonship set DEPT-MANAOER lntp the , : l 

·... ¡ 
1 

\ 
.! 

. .··. 

1 
~ 1 

1 

" 
\'aiue set CT implles that CT is transltively dependen! on EMP .. :. , · · .~ · · ! · · 

· (because Cr is fu~cllonaliy dependcni on DEPT, and DEPT is.. ·: ,,:· ··: : ·. .. ·' · · '· •· 
functionally dependen! on EMP) [4], [S), The ellminatlon of · · .·. · 

1 
·• · ·· de · · · ol 

the .redundan! attribute \NVOLVED•PROJ•TYPE. yieids the Flg. .2.1• A regular reiAtlonsh p reiAUOD D!l'NIIo!P, tm DOIOI typO . 

entity·tclationshlp diagram as ·shown in Flg. 19, wl)lch cori· . 
forms to the given semantlcs of the real. world. Figs. 20-22 . 
illustrate the translatlon from the entlty·relatlonship dlagram 
given in Flg. 19 into a user schcma. 

Several problcms will arise from thls construct 
i) !11 Ellminat/!Íg tlle Redundallt Relatiomh/p SetJ: With· 

out loss ·of gencrality, let 'the entity set EMPLOYEE be partl· 
tioncd· lnto two entity sots EMP

1 and MEMP, conta.lnlng non•. 
manngerlai and manageriai employees, respectively. · Then, as 
shown in Fig. 23, creato thrc\l reiallonship sets DEP'I:·EMP, 

DEPT·MANAOilR, ond EMP•MANAOER deflned on the cntlty . 
'sets DEPT and EMP', the cntity sets DEPT and MEMP, and the· 
entity sets EMP' and MEMP, respectiv~ly." This constructjusti• 

. . . 1 

!les the facts that DEPT is functlonally dependen! on EMP · 
(empioyee), that DEPT. ls functionally dependen! on MEMP . 

(manager), and v.lce versa, and that MEMP is fu'nctlonaily de; 
1 . 

pendcnt on EMP. That is, thls cntlty-relationship diagram con· 

.. · mappln¡. 

· .. ' 

••• ..... ... CIPf.)IMMII 
. .' 

rarMa' IIZY lTI'UMt ........ Pl•ID ...... .... 
••• " DIPT, twCAI:Il PJOJ•T'n'l 

• •• t 1 " 1 
.... . .... ~ ,: . . ....,. 11:'01 

" .. . ,. .. 
• 11 • . . 

• r u· .. 
• " • 

, : Fia. 22. A regular rclationshlp.rclation DEPT·MANAOBL ·• ·· 

",.· 

.. :. . . .·'. . ...... 

ó • . . ,( 

. ' . 
·" 

forms to the given 'semantics of the r.eal world; "Each cm· 
pioyee ls assigned ·¡o .oniy one dcpartm~nt. Each department 
has its own mantiger ••• ," However, the exlstence of tho 
rclatlouship sol EMP·MANAGER defined on the entlty sets 
EMP

1 and MEMP ls redundan!, because the functlonal depcn, Fig. :u. An entity·Rlatlonshlp dlagram. 

<lcncie~ of DEPT ·on EMP' and of MEMP on DEPT imply the ; . . . . . . ·:' "':. 
functlonai dependency of MEMP on EMP', Furthermore, the . MANAGER into thc value sct CTimplles that CTb transltlvely 
diagram shown in Fig. 23 ls equivalen! to the entity-relatlon- dependen! on EMP, ls vaUd. . 1 · 

ship diagram sho-..·n In Fig. 24, which is obtalned by combin· lt should be notcd tltat, In Flgs. 23 and 24, instead· of the 
'~g the entity sets M EMP and EMP

1 lnto. EMP. The elimination relatlqnship set EMP·MANAOER, the climinatlon of' thc rÓla· 
;r the reiations~'p sct EMP,MANAOER from both diagrams lionship set DEPT·I::MP also does not delcte any 'semantic 

- does not dele te my semantlc informallon from the original . information from the original diagrams. However, thc eU~­
diagrams: Thus, in the eutlty·reiationship diagram shown in natlon of thc .reiationship set DEPT·MANAGER from tho dia." 
Fig. i 9, the funo:tional depenuency of MANAGIIR on EMP grams wiJI. destroy, In. turn, the given semantlc informalion: 
(nonmanageriai e1· ployee) ls linpllcitiy defined. Thus, the "each departmcnt has lts 'own manager •••• " In the reallty, 
C:aim that the existence of. the .attribute JNVOLVED·PROJ• the implication of functlonal dependence from others is not 
TYI'E mapping n.ationships in the rela.tlonship set DEPT· , quite ,obvious, especlally, if a very large set of functional de· 

': !i 
.1' .. 

·., 
.. ! 

1 

'1 
.1 

i,! 

1 
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' 
fía. 24. An entily·n:lationship dlagr•m. 

pendencies ls consl~ered, and the · crlterla for determlnlng 
whlch of. the redundan! rclallonshlp set ls to be ellmlnated 
wltl¡out modlfylng any · glven · scmantlc lnformation, ls non· 
trivial. .. . · .. ..~ . . ' 

In arder to allow an add!tlonill illustration of full functlonal 
d<:pendency, thc descrlptlon which conerns · employees, !helr 
skills and skill levels [lO] which ls shown In Flg. 2S,Is added 
to the descrlptlori of S whlch ls glven In Fig. 14. Flg. 25 repre· 
sents the semantlc lnformation. "An employee m·ay hold 
severa! skills (represented by ihe skill number.S# and its skill 
name SN) and a particular sklll may be held by severa! em· 
ployees:. A partl9ular employee has dlffercnt skilllevels (repre· 
sented by SL) for. the skllls he holds. A particular skillls held . 
by severa! employees each of whom may have a dlfferent skill 
leve! for the sklllln questl~n." lt ls clear lhat SL ls fully func· 
tionally dependen! on the concatenated key E#.S#. As shown 
in Fig. 26, by creating the relatlonship se.t EMP-SKJLL, the fully . 
functional dependency of SL on E# .S# can be expressed · 
exactly and lmpllcitly In the entlty·relationshlp dlagram. For 
the diagram sliowri In Fig. 26, !he corresponding relations are. 
glven In Flgs. 27 and 28, 

2) /r¡ Comtmctlng rile User Se/rema In Th/rd No1mal Form: 
Copsider the reb'lllar relalionship relatlon DEPT·MANAGER. 
Tite correspondlng re la tlon scheme (In thc rela tlonal model) ls 
S2(!2ft, M#, CT), iri which only D# or M#, but not ~oth;is 
to be 'selected as the' primary kcy be cause of the fact th~t the 
ln3ppirig · betiveen DEPT·NO/DllPARTMENT and ~P·lD/M.~N· 
AGJo:R is a one-to-one correspondence [!O]. This ls one of ti1e 
major réasoru thal thc attrlbute tNVCILVED·PI\OI·TYPE whicl .. 
1naps relatlonships into thc value set CT ls liept away from \ 
the elhnination. Howevcr,lt is true that lf both D# and M# · 
are primary keys, the S2 is no longcr a relntion of third norrrial 
form, ~ecause cr iS nof. fully functionally dependen! on (D#,. 

Fig. '2S. A description con~mhis emptoyeos, lheir akills, and skill teveb. 
. ' . ' 

. ' 

Fig. 26. All entlty-n:tatioDJbip diasram. 
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... '· Flg. 27. A n:sutar enlit~ rolaíion srcJU. 

••• '"l . 

·~KI.lll' AftalloUTI:I ,., 
.. • •• PIP~1D • T • 1 • 1 ' 1 • ..... .... .. ... "' .. • • .. 

1 .. • • u· • ' .. • • u '· 1 jp • r u • 
' • w .. • 11 • 1 •• • r 12 • • • " • r u • . '· ., .. .. • u • , . 

·• .. • • u •· 
... Fig. 28. ·Á· n:¡ular relalio~ip nlatiOn,IMMKlLL. 

. ·.·· , M#). Tita! rriearis, the regular re!atlonshlp relatlon DEPT• · 
MANAGER 1s not similar to a 3NF rclation, even if the máp· cor.nectlons do noi satlsfy the full~ functlonal dependency, 
ping betwcen DEPT·NO/DEPARTMENT and EMP·JD/MANAOER and;.'beie'fore, the problem thaLthe regular relationShip:re!a, 
is one·to·many, rnany-to-one, or mimy-to-many. · tion · DEP:·MANAOER. is not In 3NF could bo avofded. Fig, 30 . 

Consfder agaln. the .entity·rclatlonshlp diagram givcn in Fig . .' ls . a ··modllled 'regular relatlonshlp relation DEPr·MANA(lER/ .. 
1 ~. in whi~h tite a !tribute INVOLVED·PROJ·TYPE maps re la· which ls In ~:V F. As a mattcr of fact,l!'ls a non trivial prolllem·:. 
t!onshlps in thc rclationshlp set or.J'T·MANAOt::n into tho value of dcciding wli:t are thc value sets and al tributes for the entlt)•: ·. 
se!'CT. That means, eaéh of thc cntity paiis of thc cntity sets · Ór relatlonship se.• from the given dcscrlptlon ofan appUcation> .. · 
DEPT and EMP/~IANAGER is involv•d in work on clthcr govern· For cxample, thc· ~liue. set cr ·and tho attribute tNVOLVED·· 
mcnt or norigovermnent contra~ts, not bolh. Since tho rcla.· PROJ·TYPE'Ílre 4ssigi,,d to the relatlonshlp setDIWT.,.t.ANAOER 
tlonships DEPT·MAiiAo'~R ovcr the cnllty scts DF.PT and l'.MP/ ·ls lndced an erroneou: representa !ion.· · · i b 

MANAGER are 'one·!O•Oile correspondence, in .order !O ~Oll• Surnmarily, !he USO¡ schenia in the entity-re!ationshlp model;·""" 
form to the given scrnarrtlc inforrnation, it 'suf!iccs lo define · as shown In Figs. 20 \nd .21, Figs. 27 aml28, and Ffgs. 30 and 
the attribute .lNVOLVt::D•ri\OJ·TYP~: mapping thc entily' set. 31 obvfously are .sini~•.r to 3NF rclatlons in the relational 
DEI'T into !he value sct CT, :rs shown In Flg. 29. Onc of the .rnoilcl, but the furrner ·,.,:allons havc clearcr represcntatlon, 
major diffcren~cs of this conncction of !he vahre set CJ'to thc and are obtalncd without '·lng !he normallzatlun opcratlons 
cutity se! t::MI' fmm that in Figs. 18 and 19 i~ lhat the !alter [4], [5), (9], In the norrnóil:t:rtion of thc reiationolmouci, . . . . 
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whh:h we shall oulline as follows,ls a· hcurlstlc approach. In 
addlt!on, we are only conslderlng · tl1_e detennlnlstlc. ca~<~, for 
the sakc of slmpllclty. . . , 

..,. • .,..,.,.. ,.,... ..,. ·- Thc entity-relat!onshlp approach 10 lhe loglcal ·~alaba_se 

. a data base nppUcat!on for. an enterprlse can be formu!ated aa a ' • 
"' ,; :• '" "" set of functlonal relatlonshlps among appllcation .attributesi. ·. , : 

• . '" '""""" ' ...... 
4

, ·~ ...., b dcsÍgn i:onslsts of th'e followlng major steps. · · · ·' :- ·. 

0 O 0 6 1 
· 1) G/ve11 a descrlpt/o11 of a11 app/lcatloll, .The descrlpll!lil.of i' 

Fig. 29. An cntity·relationship diagr•m co.C.rning lnformailon about ·. Whelher the sel of fu~~tional relatlonshlps among npplicat!on ; .. .' ¡ 
.... , and oen.. · · . attributes ls complete; nonredundanl, and mlnlmal [4), [S].Is ... · .. ¡ 

••• .... .... 
Plti,...An' U:Y 

Drn•NO IHP•lD 

••• •• ti[PAI'f'·~ MAHACZR 

1 •• 1 1 ... ...... .... 
•• " 
• 11 

-~ .. ' .. .. u 

cr:n~twU.Cla 

1"1'111atn't 
'.; 

"""" 
' 

,..;,. 

of no.concem. · ·. · · · . · . . · . ·. · :-:; 1 : 
2) Idellt/fy tllllty sen, Fróm the given dcscrlpt!on of an i: ·. 

appUcatlori, ldentify. nll p.»s!ble enlity scts wlúch are of In·./ '' , 
.ter~sito the enterprise •. _.· ·;·· . · _:., . ' · · • •i ;·, 

. . . '3) Jdentlfy relatlonslllp seu. :Relatlonslúps may exls~_among 
tJÍe entities, ánd can be classlfled by the_ relntionslúp sets. l!l· 

· general, there are m-way relatlonslúps deflned on entlty seiS, .. 
.whcre m. Is grenter ihan or equal to l. Conformable to the' ·. 
· given deserlp.tlon .of nn application, !den!lfy all posslble)ela· · .. 

. .· . tlonslúp sets and specify their types of mapp!ng (e.g~; O!Íe·tO; .. 
Fig.' 301 A modlllcd regular rolaOonahlp relation, _DBP7•MANAosa. · one; one·l~·inány; of'many·to-mnny). EUminate the redunda¡tl ':.' · 

· relátlonslúp sets.' · · · . . : '· .... · :: ·, .. :.· ,::, ..... . , 
·. ··. 4) Draw an enti/JI~'elatiollshlp dlagram wlthentlty qridK~: ·¡ · . .''· 

tlonsh/p sets. .. . . ., . .. .. · . . . , ... e: . .. · , 
S) Idelltlf:y value' setnJIId al tributes. From tlic glves¡': de:.: · ·r-':, 

••• .... 
UlKAIIl' ICI!Y 1 ATTJoiiiiH 

••• "'"""" 1 ltl\'tLV..ti•PPO.:I•TYN 

VAUII J;r:TJ .. 
• 

' ' ... 

CT 

• • .. ' 

· sc.riptlonof an. · appllca. tlon;we mny decide whal are ihe. ~ruue .. :.; . : · 
. scts .and attrlbutes for tho· entlty'or relatlonslúp ~ets;· .. ,The. · .. ·· · 
functlonal attributes, inapplng from the entlty or relallonslúp · ! 
sets. !nto the value scts ·or the Carteslan product of the.Yal11e·. :¡ ' 

• • • • • 1 
Fig. 31. A rcgulor enlity rclalion DBP7 .. sets must. cciriform to acimc functlonal de pendencies among 

1

. 
npplicat!Ón nttfibutes: Al the end of thls st~p, ari eni!ty~re!8; · . 

Si (g}¡_, EN,JC, D#), S2(D#, M#, CT), S3(fi!t., S#, SL), . tionslúp diagram wlth the entlty and relallonshlp sets,,the · , . 
and S4(§11., SN), nre.tho fewestpossilile number of 3NFiela.' · val~~ sets, nnd the attributes aro_obtained. : - . · · · , .. ·:. ¡· 
tions (4]. (S). [9]; Perhaps, the severe sotback for the entlty· ·· 6) Jdent/fy,prlmary keysfortlltlty Jttl. . . . ... · 1· 
relationship approaeh !S thc tradeof( between tho clearer . ·7) Check the ent/ty-re/atlomhlp dlagram In eonfonnlty tQ r; 
semantlc representation nnd tho. fewesl posslblo number o f.. tlle descrlptlon. of tlle ápp/icatloil. More speclflcaUy, does the ' :· J · 

relaUons. · . · · . · 1 • : . • . •• .,.,-·· • entlty-rel~iiórishlp diagram lnclude all possible functional tela;__·· ; . · · .· 
Cons!der agaln the dlagram g!ven In F!g. 16. For tho entlty tlonshlps. nmong tho valuo sets? Is the tran~tlve dependency · ' 1 •. 

' .. . . . . . . • ' . - • j 

set EMP, lmplicltly,. t)le valuc set D# ls functlonally depen· among applicatlon.attrlbutes '"properly":represented· ln~the '' 
dent on E#(the prlmary key)~ but not vice versa. lt ls_easy,to, enÍ!ty-re!atlonslúp dfagram?. Is every nonkey attrlbute valuo 

1 
show that the nonkey value set CT!s tran.sltlvely dependeQt on set(s)' nontransltlvely or fuUy dependen! _on the priiÍiary key .. ", 
the prlmary key value set E#.· However, such a. trnnsltlve de.· _value set(s)? 'lf the· answer of any of these questlons !s !n~, . 
pendency can. be ellmlnated by lntrpduclng a rclatlonshlp set flrmatlve, then go ba~k,to step 2).' . . . ' ; . . 
ot:PT·EMP, as ·shown In Flgs. 18, 19, and··29. For each of the .. · 8) .. Trairsláte the entltj-re/atlonshlp. diagram /ntq endty• ·. 
entlty sets EMP and DEPT and the relatlonshlp sets 'oEPT·EM~ , i:elatlonshlp re/atlom. TheSe relatloris m descdbed by any .. 
ond ·oEPT·MANAOER; no t'ransltlve depondency nmong' value.· one of tho determ!n!Stlc lypes: the· regular or weak enti!Y. 
stits ls ¡irc~nt .. Therefore, the uso of the entlty-relatlonsliip ·~elatlons, or thc regular or weak·relationslú¡i rolatlons. . . . . . . . . 
approach Is ellminatlng the transitivo dependency among value · : For any entity-relationslúp diagram,lt also can be translated. · .. 
sets ls niore effecUve than the normallzat!on process for the. lnto 'data·structure dlagrams. supportod. by, the CODASYL. 
relatlonal mode!. Fl.\rthermore, by t11e deflnltion of nttrlbute, · (network) type databnse systeni or h!erarclúcal structures sup· 
llie entity·rclatlonshlp d!agram always provides the fact thal ported by_n lúerarchical databnsc system such as IBM's IMS 
e· 1onkey value set lsfully functlonal!y dcperident on tho · [21. (3); 
pn ... ary key's value set (s). 1 · Although lt can· be translated lnto the rolatlonal schemasul" 

Now, we shall outllne the major steps In the loglcal data base '¡>Oitcd by the · relatlonal data base system, 11 would be easler ro 
design uslng the enllly·relatlonship appr_oach. Given a descrip· obtaln the relational schema by transformlng directly from'O¡e 
tion of an applicntion for an eillerprlse, wo lntend to flnd a entlty-rclationshlp relatlons, described by the regular or weak 
"good" schema that describes the structure o'r the correspond· entily relations, or the regular or weak re!ationship relatlons. 
lr.g database. Unfortunately;lhe cntlty-relationshlp approach, It should be noted that lf onc wants lo chango from ono 
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nondeternilnlstlc relatlon to a dctermlnlstlc .relatlon, ono path dependency can be reprcscntcd by a bldlroctcd Uno,, 
would probably have to. change the enterprise-user schema and. whlch can be obtalned by addlng a slnglo arrow (pointed to 
then reconstruct thc user schoma, since the enterprise-user A) on the other end oftho dlrccted Une. • 
s.:hema using the entlty-relauonship rclations and the enter· Pig. 32 is a data·structure diagram whlch corresponds pr 
prlsc sch~ma uslns the entlty-Jelalionship dlagram are indepcn- tlally to. the entity-relatlonshlp dlagram glven In Plg. 1; Th. 
dent of the pdmary kcys, thc untque tdentilicalion of en tilles, structure demonstrates thc M:N rclatlonshlp set E and EMP·. 
and relatlonshlps. TI1e changos of the onterprlsc.-user schemn · CHJLD on the cntlty sets EMPLOYilE and CHJLDRilN, and tho 
ftnd en\erprlse schema are one:to-one corresponding, · and, M:N tel~tionshlp set E und 1 (the existence and·lden¡Jlication 
thus, tho conformlty bctwecn tho entcrprlsc acherna and thc dcpendencles) on the entity set EMPLOYEE and PARENTs, · . · 

descrlptlon of thc real world can be checked. Clearly, the entity' relationshlp model can be .used 'as· a too! 
9) Deslgn record forma u. In the structured deslgn of databascs uslng the network 'models . · 
Prom our discussion, clearly, we can stote the followlng · [6), The uscr lirst draws. an entlty-relationshlp dlagram and 

theorem. . then may slinply translate 11. lnto a· data·structure dlagram · 
Theorem J: For any entlty-relatlonshlp relatlon M, descrlbed uslng the rules speclfled abovc. . . .· .. 

by one ofthe types: the regular or wenk entit¡r relatlon, or the In the remainlng sectlon, we 'HUI use the entity·relatlonshlp 
regular or weak l'elatlonship relatlon su eh that non e o.f the dlagram shown In P!g. 1 ID demonstrato the déslgn of tho .. 
nonÚy al tribute val u e set (or Carteslan product ofvalue sets), record formats, and thc· uso ofpolnters for reprosentlng assocl~···.·.' 
which is fully depcrident on tho prtmory key value set(s), !s atlons between· records or segments and .assoclatlons, between · · . 
transitively dependen! on the prima¡y key val u o set(s), then M data.. · · · · · · ; : ·· · · 
can be transformed lnto a 3NF relatlon (in tho relatlonal In the coursé. of constructlng the·physlcal reprcsentatlonof ;. · 
model) that strongly preserves M under the prlmary keys. the entity-relatlonshlp dlagram, the correspcindlng data-struc:·: · 

turé dlagram and the correspondlng relatlons can be used as 
VI. PHYSICAL RE~RESENTATION OF LOOICAL ·.majar components of an lntegrated deslgn.tool toass(st in tho. · 

STJlUCTURES physlcal database deslgn process. However; lt sumcés lo u~ 
· In this sectlon; we will disduss physlcal. representatlon of the entity:relatlonship dlagram· and/or the.·corresponding 'rela, 
logical structures. In the previous sectlons, we· are con cerned tions. which are descrlbed by o no of the types glven lli. thé 
with. thé way .the database admlnlstrator or those system prevlous sectlon ·as a.deslgn too! in deslgnlng the physical data,::· 
analysts who see.the entlre database and 'the appllcatlon.pro- base orga¡úzatlon. . ·, . . . . : --.. 
grammer vlews ofdata. Neithertheentlly-relationshlpdlagram . Thc data-structure dlagra.rn súch as that ln,Fig •. 32,,can bo 
nor the corresponding relatións rellects the way tlie data are represented .pl¡ysically In a varlety of ways. Plgs •. 33-35 illu."· · 
stured physlcally. In t11e seque!, we w!U . be concomed wlth s,trate one of tliese ways, whlch Jrivol_res parerit, child, .twlilj :. ··. 
how it ls laid out on· ti1c storagc unlts. That ls, for a glven . and cousln pointers. Plg. 34 is a physlcal reprcsentation of tho: 
overall view of the. data in tcrnlS of thc schemas, how do we data-slructure diagram of · the record types PROJ.IlMP; EM;· ·. · 

represen! this overalllogical org:inlzatlon physically. PLDYEE, and PROJECT; In tho relatlonshlp record.typé PROJ: _:::. 

Glven an enlity·relatlonshlp dlagrnm, lt can be. trnnslatcd TYPE, two parent polntcrs aro· used ··from cach· relatlcirisi~Ji ··: 
lnto a data-síru'cture dlagram (5). [6) by thefoilowlng rules. · ·record to thnt record's parents, whlch are of.eritlty record .· · 

1) Por each of the ·entlty (relatlonshlp) sets In tho entlty· types EMPLOYEE ·.and PROJilCT. From theso two par~riJ'.'i· 
relationshlp dlagram, there corresponda an entity (relatlon- pcilntcrs;. the prlmary keys of each of the relatlonshlps can ' .. 
ship) record typc, called an owner (member) record 1y.¡ie, In be .accesscd dlrcctly from the entlty reco;rd record)ypn EM~ · ·, 
the datNiructure dlagram. · PLOYEE and PROJECT. . . 

2) Por· 1 :N binary ·relationshlps oh re!atlonshlp set C de-· · Por the existence and ldentlficatlon .depondcnclos of the .·· 
fined on two entlty sets A and B, In the entlty·relatlonship entlty ·set PARENTS on the entlty set. EMPLOYEE, as shown ·In·. 
diagram, twci directed links, one wlth double arrows and thc. Plg. 34, a reln!lonship recordtype ls used lo represen! physiCally 
other witl¡ a single arrow, are drawn_ from·thc entlty record the existence dependency and.a cousin polnter from.each In·. 
types A and B, rcspectlvely, lo the rebtlonsllip record type C. stance of. tl1e entlty record type PARENTS to .the lristanée .of 
· l'or M :N binary relatlonshlps, two directed links with.double the subordina te entlty record type iS used to représont th~ : 
arrows are dr~wr •.. ·. . ldentilication depcn.dency. That ls,each Instan ce of the entity 

Likewise, for /c-ary (k;;. 3) relatlonshlps, .lhe samc rules record typc PARENTS ls ldenlllieit by the combinatlo;t of .the 
apply. prhnary keys, one from the EMPLOYEE and the other from 

3) lf thc exlstence and ldentificatlon of an entlty.set B ne itself, PARENTS, as shown In Fig. 12. Ir only ti1~ exlstence 
depend~nt on ariothcr' entlly sct A in the entity-relatlon;hip . dcpendency oc,curs, then the consln polntcr will not be.uscd. 
diasram, thcn ·a patit d~pcndency from the cnllty record 1:•pe .In Pig. 35, all the lnstances of ti1c relationship record typc 
A lo the entity record t)•pc JJ is crcat~.l '¡n the data-struc¡•tre MAJ\1\IAOH. contaln two physlcal parcnt poimers. Howevcr, 
diagralll. Thc paú1 d~p,•udcncy can be rcpresentcd by a di· botl1 parcnt· pointers of cach of the instanccs ore pointing lo 
re~!ed lino wilh shtf)e or doublc arrows puintcd .to B depe1 d- tho diffcrcnt instances of th~ samc entity record type I'ARENTS, 

ing u pon whcther ·thc mapping from thc en lit y setA lnto •, 1e since the rclallonship set MAilkiAGE is deliued on a single ton 
entily s<'l Bis uf onc or many ussociations, rcspcctivcly. sel, the Clllity set PARENTS. Again, cach of thc rclationshlps is 

lf ouly thc cxlstence dcpcmlcucy of DunA occurs, thcu lte idenllficd bydtc combinalion of lhe prlmary kcys, oue from 
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Fig. 32. A logical da:a-structure which corrcspondi partially lo the cnlity• · 
relationship diagram givcn in Fig. l. 

. ¡ 

: . · .. , 
. : Fig. 35. A ~h-ysical rcpreicntai/'oLn.LJ.o.lr .JtbL..cl..dl..a-14-.,-,ru-ct_u_re_d_ia_sra..;.-m.J. d 'ii.c . 

record lyp01 l<IARAIAOI and PAiiNTS, . . . i 

' and determlnlstlc have the &amo strength to cha~ctedie ·{¡tfor· . 1 

matlon about the real wor!d enhances the entity;¡.ela!lOnsÍIJp . Í' . 
approach. becausc the data base deslgner ls not. constralned by · · l -1· 

. the. functlonal. attrlbutes to. !déntlfy the propertles of cntltles · .1
1

· 
. and thelr relattonshlps._· .. · · · · ·. ·· · · . ' . · ¡ 
: . The entlty-relatlonshlp approach whlch provldes an easy to . ¡· 

•. un de. rs'tand _yet comprehens_ ivc methodology for tito loglciü· .

1

. 
· . - -data base deslgn lndcpendent -of storage and efficlency con• · _,:· . 

ilderatlons·ls to. add to the loglcal data liase deslgn procea, an ·. , . 
lrÍtermecilate itage botween lnformatlon, about entltles lli' tJ\e, · '¡'· , 

· real· world and the user rchema; tho final product of' tho . · ·· ., .... 
. process. Thc product of thls hÍiermodlatc stagc ls th~. eii.tei... . 

· pr!Se schéma; the descrlptlon of an :cnterprlso vlow of dat(ln ! 
. 33. A physicat reprcscotallon or lhc da14·structurc dlagram or lhe tho real world In terms of entlty,relatlonshlp dlagrams •. In lhls.. j 

record typcl PROJ .. EMP, EMPLO~EBa and PJt.OJECT. . 
paper,-we have explored that tho entlty·relatlonshlp:illagram . 1 : 

·. 

.. 
........ 

Fig. 34. A. phyalcal rcprcscntation or thc da14-ltructurc diagram oC thc 
rccor~ 1ypc1 E and 1 (EMPLOYE!~PARSNTS), B~PLOYÉB. and PAltBNn. 

the entlty set EMPLOYEE and the otlter from ltself, PARENTS, 
as shown In Flg; 13, the weak relat!onshlp relat!on PARENTS· 

. MARRIAGE•RECORD. 

VIl. CONCLUSION 
Ín thls paper, we ha ve dcflned formally the entlty-relatlon· · 

ship modcl In terms of thc entity-relatlonshlp diagram as Ute 
entcrprlse schema, tite entlty re!atlonshlp relalions as the entcr· 
prise-user schema, and four types of relatíons as the user 
schcma. We have described th~ cntity-relationship approach to 
logical database design. The fact that the nondetermlnlstlc 

can be used as an effectlvc toolln describlng exactly and con· j .¡ 
clscly. tho. prciperties of ontitles and thelr relatlonshlps; Jn · i : 

· · ellmlnatlng tho redundan! ielatlonshlps among the entltles and · · i 
· ~~~;n~~~c~;:~~5e ~~~~~~~~:;t~o~~lrd1~o~;d~J:~~ ;¡~~~~! · ) 
presented an linproved talile forin ·or the reiatlons as. Íhe :úaer 
schema to .provlde a clear, and éonclse, an~ better orglnlzod i 
user's vlew of databases.' · It la easy to understand and .to , ¡ 
modlfy. " · . . . ' 

F!nally, we have ·demonstrate~ the process ofphyslcalrepre~ 
sentatlon of logical structuros. Tho constructloil of tho so)IJÍd· 
ness and cómpletenoss of an entlty-relatlonsh!p approach.to 
tho Ioglcal database deslgn requlres further research. It soems 
deslrable that a theoretlcal study of P.IOportlos of th.e modo!_ 
be conducted In the framework of formallsm. · 
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Absrract-11•• lyplcal dc>lgn prciccs& for thu rcladon:ll datibOJe model· .1. lNTRODUCTION · ·, . 

dcvelups tlte conccplualschcma and c•ch ur !he externa! achernas oep· IN TIIE RELATIONAL databaso modcl, a glvc'n. cxtem''·a!·· 
uarcly and lndepcndemly trom each Other. 111is pap_cr propase& a new 
dc.slgn mclhodolu¡o' lh3t constrncu lhe concc¡llual ·IChcma In suÓlt a vlcw V k and the conceptual vlew V are descrlbed by. sctt 
woy tl¡¡t uvcrlapplngs among CX!trnal ochcmos are rencctcd. Jf the of relatlons. The set of relalions In the conceptual vlew con~ 
ovcdapplng> of exler1121 sehcmas do not produce transitivity at the sil tules the conceptual schema and the set of relatlons ·¡n' a 
conccproallcvcl, thcn ~·ith uur dcsign mutho~. the rclations in the ox;. · given externa! vlcw constitutes an externa/ :cherna. Giveri 3 tetmll schcma.s can be r~alizcd 11 a joln O\'cr lndcpcndent CumponCnts, · · · · 

relatlon.nt modcl Jet E" {E1, E,, • • • ,E0 }. be the H:t of·.t.ll• Tiws, a one·to·one function can bo dl'tined !or 1ho maJlplng bctwceri "" 
tu pie• in tloe externa! ~thcmas to tu pies ¡11 thc conceptual sch<ma. lf · ·exlcrnal schemas and C . be· the. conceptual s.chema. of .the . 
tnnsilivity ü prouuccd, thcn wc show that no suelo functlon ls possiblc modcl. The mo'pP,Ing problein caven several·transformaÚoru· 
anda ncw lcchniquds intro~uced lo h•n~lc.thiupcclaltosc. bciwecn a glven E k E E ond C. Le! Ek = {e~, ct • • •, e~l and·. 

C= {c,;c,, ... ,cul where e~, 1 <:t<:v, ls a relat!on In E~ 
and e¡, 1 <j <u, is a relat!on In ·c. Severa! mapplngs aro of · ln(leJ.' Temrs-Cont'l'pfu;~l acherna, txlemaJ tchema, functional d.,.. 

pt>ndencies, indcpl'ndc111 componcnfl, lntcrforencea; lo¡¡,icil.l LJatnl;ase 
d~.si&J'• mavplng fun,tions, rclalion;J d;~lrabílj(' modo. 

M.muscrlpt rcL·dwd Fcbruary 1, 1980; rL·vlsi!¡J June .1 J, 1980. Thla 
wmk WOJS suppurh'd in patt by thc Naliunal ~dcncc f'umul:llion t¡.Hicr 
Gnonl MCS77·0J90•1. 

Thc authon ar..: v. ith thc llcpartuwnl ·ur El~ctrk&~l En~~IUL'crir:; a.nd 
Computcr Scicn"·r, Notthw~."slcrn Uniwrsltr, Evanston, JL Ci020 1. · 
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1) Rclatlons llfapping: a¡(e~) .. C'!: C. Titat ls, a1 co~ 
Slructs lhc rclal!on cr E Ek from thc rClallons C' ln C. 

2) Ttt¡J/cs Mapping: a 2 (t(cf)), whcre l(ef) ls a tuplc In 
C~ •. 111C funclion a, maps a tupJe of e¡k lo a tu pie 01 a set of 
!u pies In C' s;; C. · · 
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A~oJnw-D<Itnnlnanr• ol p<rforn••nco ol •1·•r•ms and proc:css•• lor lulurislic ellorlS whieh involvc lhc colirc systcms englnccrin& 
plonninl and d<el>lon •uppor1 IU'< diiC\I>...t. Thls papor ls dlr«r<d at proccss [301)-[305), [307), !JOR) and can, thcrclorc, be dcsc:ribed 
pcopl• •ho d••lRn wch 'l"•·ms and proc:n..._ •ho""' •uch •1·••••" ond by·any ol o numb.:r ol lrorncworks lot syslcms cnginccrin& sucb 
~"'"' and "bo man•R• organuatlon>ln •hkh th'""' may be u...t. Th• ns ~~• lhrce-or 1he scvcn·stcp lromcwork whieh lnvolves: ' .. 

• 1 

lncrarurt' cilcd 1\ l!l.~odatcd •llh !tof'"cnl arras IIK'Iuding psychotngy,-· , 
or;•niurion:ll beh.snlor and dC!.lgn. lnformatlon s.clrnce, ma~grmcnt Jd• 
cBC'e, rompuler KlrrKr, and.re~aled di~JpllnH. Pcrlormantv dc:lenninanll 
and d~i¡:n rt-quircmc:nl\ fot S)'~lrrm· :1nd procn!tCS for pl:mning and 
d«i""ion !loUpport an C!OJM.'('ially !.lrrsM-d. A numlx.-r or arcos M·hcre a.ddJ· 
tional rL""""art"h appun PC'L-dcd are mrntioned, and 3iOmC"ncomtnr:ncLulons 
and inlerpretations ue cfn:-n conccmlnc: both contr:Dlponuy eUorts and• • 
OO<dcd luiUr< <llor1s. · · ( . . . . · . . · 

. . . . . 
l. INTAODUCTION' 

T liA T therc is much interesl in planning and dccisiorimnking 
clCons lo determine clCectivc public and privole seclor poli· 

cies is madé cvidenl by lhc numbcr ol rcccnl lcxla and case 
studies dcvotcd lo thcse lopic.s (2). [4), [13), [18),.[20);.[21), (44), 
[45]. (48). (S 1), (80), [84J-[86), (89!. [104), (lOS), flOR), (134),(135), 
(139). [141). [ISO), (178), [179), (198), [212), [219)-(222), (237), 
(243), (283), (293), (318)-(JlO)o 1334), (3S9), (361), (363), (377), 
(394), (397), (398), (~00), (412). Thcsc in pon, conccr'n lhc numcr· 
ous complcxitics associalcd \\Ílh practica! implcmcnlolioo o! lbc 
rc~uhs ol syslcmic cfloriS lor planning and dccision rupport.' 
Advanccs in digilal compulcr lcchnology coupled \\Ílb advo.nces 
in S)'>lcms science, syslems mctho<Jology and dcsign, and syslCIDS 
manogcmcnl suwst cxlcnsion ol 1he inlormolion o.nalys~ and 
di>play capabili1y providcd by m:úragemcnl inlormalioo syslcms 
lO includc inlerprclalion and ar.gr<gotion o( inCormalion and . 
valucs sucb. as LO rcsult. in· decision supporl syslems (DSS) or 
planning and drt:ision supporl •y•tems. Thcrc is o gro>~ing litera· 
turc in lhis arca [S), (36), (39)-[41), (16), (86), [110), [133), (138), 
(224). [226), [227). (239). [140), (2S8), [)09), (350), (356),'(366~and · 
lhis indicau:s .mucb conlcrilporory inlercsl and octivily. . 

'Thcre ore a numb.:r ol rcquircmcnls lór design succc$s >~ilb . 
rcspoct lo systems ·cor plonning ""'' d<cision suppon. Thcsc 
invCih'r • considerable number oC Ji" iplincs. Thc ·rcsuh oC nol 
m:tl:ing opproprialc use ol pcrlincnl contribulions lrom a numbcr 
oC disciplines in the dcsign ol systcms Cor plonning and d<'Cisioo 
support islikdy lo.bc a syslcm"' procc.S thol is dclicicnl in one 
or more imporlonl woys. Thc purpo .. oC this clfort is lo disews, 
Crom o sy~lcnlS cnr,in,·cring pcrspcctivc, sorne ol the mony re­
quin:mcnls Cor dc:sign succc.s.s in this ar~a. 

11 is pos.•ible lO disaggrcgc1lC planning and dccisinnm:tl:ing 
·cces>C> inlo a numbcr ol Slo;>s. In cssence, lh_ey are purposeCul 

M•nu.-cript rccci\'Cd April 1, li81: rC'\i>cd Junc21, 1981. This work 
u·~ ~UPJ'I'"tcd in part by thc t..S. Olficc oC Na\·31 Rc.scom·b undcr 
C'~WJCII'\0014·1'().C·Ol-!2. 

·: .. r. So~¡t j¡ wilh lhc Dcp3rfffi(l<l of Eng,in~cring Sciencc and S)"SI(m~ 
to\",\('r:~oit)" o( Vir¡inia. Charh"liiC~HIIc. VA 22901. • • 

1) Formulolion ollhe i5sue. ( " . 
a) problcm dcfinilion (dclcrmiriau7 ~ ol needs, coostraln!l, .• 
. allerablcs) · · · /" ·: ·. 
b) val u~ syslcrn dcsign (dclcrmih.ition ·o( objcctives lllid 

. objcclivcs measurcs) ·: · 
e) syslcm synlhcsis (idcnlificalion oC possible dccisions or 

· · · aclion nllcrnalivcs dnd mc,.wes o! thc ac:complishmcnl 
• ·. oC lhese); . · . · .. 

2) .Anolysis ollhclssue. · · · ··. · · . . : · .. '• , • . ·:. • · : 
. d) systcms analysis and modcUng (c!clcrmlnatloo o! lhc . 
·: · slruclurc ol lhc dccision siluolion, lhc impoclJ o! idcnli· 

· lied dccisions or oction ohc.mátivcs·and lhe scnsilivily o(· · 
thcie io possiblc changc in c:ondilloos) ' • · . . · 

e) oplimizotioo or rcfincmcnl ol nlletnativcs (odjusLmcnl o( · 
· poramelcrs or activilics sueh lbal cach identified dct.isioo 

is 1hc bcsl possible in ocoordaoce wilh lhc value syslcm); 
3) lntcrprclotioo ol thc issuc · : · · · 

() evaluation and dccisionnioking (eocb possible dc:C!sion 
ohcmative is cvaluated, priorilized, ond onc or· :m9n: 
allcmativcs are sclcclcd lor implemcnlalion ·aelioo)';:: ·:: .. :. • , 

g) ·pionning (or action (eommilment o( reso~ are ala¡¡,¡" .. :.~· ·' 
and implemcntolion is 3CC01Dplishcd). .... : .. · ·.: ·: .. : : .. :: :. 

Janis and Maon (In] have i~enliticd a rour-slngc modelo! lhc.:. 
dccisionm:tl:ing proccss. l'lr,. 1 pn:scnlJ a slighlly moclilied vct•" · 
sion o(.lhi&.dc:tision process modcl We note lhal il.c:Ooulitlllhe 
samc·.rsscnliol 5leps involvcd in.'the syslcms cn&incerin& proc:ess; 
01 poriiculailnrcr<>l are 1he queslioos askcd DI cocb Slcp·ollhe 
proccss:.wc >~ill eloborolc upon 1his modcl and.olher modcls o( 
lbc dccisionmaking process in our elloru lo.lollow. : · · 

C()mprchcn•ive eflorls involvin& dccisionmoldng Will be c:o .. 
plcx beco use o! thc mony disciplinO$ and =,. in\·olved as weU u 
becousí: oC thc subjecl motl~'1' ilSCIC .. Probably th~ formal sludy oC' · 
dccisiCinmaking Cirst bcgon l1<ith .lhe·rotionol ect>nomic mon con· 
ccpts olthc 18Jh century moll•cmaticions Cr:ui•cr and Dcrnoulli 
who· explaincd the SI. Pctcl'loburg parodox. Since thcn lhcrc havc 
bcen mony workers lrom • lorgc numbcr óf di5t:iplines .. ·ho ha\'( 
bcen ronccmcd \\ilh variou5 typcs oC dccisionn1aking studics ond 
lhc pru\isión oC 11SSÍstonc"e ID enhancc. lhC undcrslandin& oC 
ralionalc lor plons and dccisions as wcll .S impro,·cmcnlJ in lhc 
dficicncy, cflcclivcncss, and cqui1y · ol thc rcsource. ollocolions 
lhol con>lilOle planning ond d,'<.isionmakin&- · · · 

Contcmporory choiccm:tl:in& issucs in lhe publie and privote 
scclor or~ .complcx, conloin much unccrtainly, and"'<'<JUir-e inpulJ 
lrom mony scctors lor Cull unJcrsl>nding ond r<,olution. M.1ny 
\\•ritcr.s ha\'C indicalcd boundcd ·rationalítr limits in dccisionmak· 
in& lhal would oppc:u lo makc provi>i<'Ó oC inlormation S)'"<m 
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Fi¡. 1, System$ rn~neerin& intcrprclation of th; cim.ion pr~ ~ ol Janis and ~ 
. '·: . . . · .... ·.~: ... ·. . :. .·· .. ·· ' . · .. ;.' ,• ..... . .• 

adju~ants toi· choic<Ínitlcing no . .,;,ativ..ly v..ry · <lesirable .. Sucb This páper preSCJJts a ~rvéy, statu~ repon: ;;...¡_lntqratloa and 
planning and· decisioo support syslcms could, ia principie. pro-. intcrprclaliÓn ol rescarcb lrom a diversity ol arcas tbat supporu · · 
vide decisionm:lkm wítb ra¡iid acccss · to tbc information and thc dL'Sir,o ol inlormation systcms capablc o! coping with !he 
knowledge nc:cilcd 10 enhancc decision quaUty. Unfortunaicly nc:ci!s ond fundamental Jjmits lo improVcd judr,mcnL Wc discuss 
this. promisc of onhancc<l decision quolity has not always, becn · and describe .. • .: 
realizcd in proctic:e. Thcre are. doubikssly, a nümbet ofcaU.itivc· 
laciors inhibiting tbc po¡cntial bendits possiblc from inlonnation 
systcmsfor pla¡min& and dccision support. Principol among !bese 
lactors which, al picscnt, pose lundamcoiollimits to information . 

. l) thc cógnitivc styles ol dcclsloniriakcn; :: · :: • : : • '. · : : . 
2) indhidual human informatlon prom.sin¡ In dccislon 111,11!&" 

. tlons and bjascs in thc ocquisition, ilnal)sis, and interpreta-
. • systcm su~ss ·appcar .to be . , · : ·: · ;.- . .·tion oCinlormation:: .. . . . .. . .. ·.. . . · 

3) · decisioo rules lor Individual dcc:ision sltuatlon~;·.~ · ·. • ! ·. ' • • ' • • • • ' • 1 • • .• • 1 . 
-· - ·1) ·thc nccd lo insurc substantive or input-oulput ntttonality,_· .· 

. . such that n·aluations of plans and dccisions are •ocridicol;· , · 
2) thc necd·toin~ure proccss rationality, such that the .infor-· •. 

mation systcm o.-commodatcs thc. capabilitics ol, al)d thc 
• constr:únts placcd upon, thc uscr; . . 

3) thc nccd.· lo undm1and and cope \\ith human cognitivo 
, limilations as thcy affccl ihe formul3tion, analysis, and 

intcrprctátion of dcd>ion siluations and altcmati•·cs: and 
4) thc nccd lo undct>tand and inlcgratc thc normativo or 

prcloCriptivc ·componcnts with !he dcM:ripth·c componcnts of 
d.:~,.~j~ion Silu~tions in ordcr ,~ C\'Oh'C rcaJistÍC :ufjuvants ror 
thc formulalion. analysis, ~nd illlcrprclalicio of ~--cision 
oplions. ; ' 

4) ~ontingcncy task st\"ctural modcls ol dccisl~ llltiiadonsr .· . 
and · . .. .. . • . .··-·. ..·· .. 

· S)· decisionma.kin& lramt:Worlis, organlzAtloiW settln¡s, .anil in;: •. 
· ·· formation proccssin;_!n group ll_!ld.~-~!.l!l~.d~isioa'· 
• · shuotioiü. · ~ . · •. · . . · • , · ~-. · . ·:.':; 

Jn'a ~cry r~~i ~ tbe;strucl~~·~~-~-ion: ~liOD. V,"~i 
tbc principal. portion of this d!otL lt cont:úns tbc ba>~ d~ , · 
cisionm:Wn&. puadiun, inclu.lin¡ action :.clcctioo. Thc con~ 
tingcncy la>k structurc, whii:h compriscs IM i5'uc at hand. the 
cnvironment into \\"hich the i»uc is imbc~~cd, the dcci>ionm:lller, 
and dccisionm:U<u upcricntial fllmiliarity with thc i.-uc and. 
cnvitonmcnt. .is tbc d~terminant ol cognith·c ¡¡yle and pcrlor·· 

' . 
;. 

·' ·! 
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manee objc:c:livcs ror.lhe pnrriculv lnsk al hand. These,ln.lum, MliSOn and Milrolr chvnclerizc lhc prub/••m Lvuiubl• inro 
innuencc :.ciCCiion or an inlormolial\ procc»ing npproach and ilruelurcd .41ld unslruelurcd problerns. Thc>C may be lunhcr 
:lclccrion or 1 dccision rule.. \ · . dividcd inlo dccisioos un.Jor ccrlainly. dccisions under risk, and 
. Thc lilernlurc In Ibis arca is cnnnnous. Dul lhcrc ls lhe nccd dccisions undcr unccrtainly. Thc orgun/:aliOirul toJJIUI <tuiubl< is 
for erran• 10 intcgrolc h rrom tbe pcr>pcctivc or sy•Ícms en· ch:u''!!'lerizcd 'as suatcgic plonning; monagement conlro~ ond 
ginccring dcsign or 'inlnrmatioa 'syslems ror plonning and dcci· opcrnlionnl control Thc mrrhocl·o/oft•iJ,•m .... grllrta/ion <tuiublt 

·,ion ~upporl. Thcrc are a numbcr or rcccnl survcys avo.ilablc thal involvcs rivo lypcs or lnquiry systcnu: thc dala·bnscd Lockcon 
discu.s one or a limircd riumbcr or thc tapies imponont lor rhc .inquiry syslcm, thc modcl·boscd Lc:ibnirzian inquiry sysrcm, rhc 
dc>ign ol planning antl dccísion supp(>n s)-.tcms. Thc>e includc . multiplc ·modcl·bascd Konrion inquiry •)·stcm, thc eonOícting 
tho >un·cy> ol llorron (27), llcnbnsni and Taylor (35), Bcllman modcl·ba.~ H<'gclian··inquiry 1ystc:m, and thc lcnming sy>tcm 
(37), Craik (67), Dunncllc (87). Eínho111. Klcinmunrz. and ba.cd Singcrian-Churchmanian inquil)' systcm [254). A nrth 
Klcinmunrz (95): Eínhórn and lloganh J9H). Eric•.on and Simon vnriahlc, noocl• of pmtlllalion, includcs pcrso11nlistic modos iol 
)99), HJnimond, McClclland, and Mumpówcr (142): llammond prcscnrotion such as onc-on·onc conracl a.< in drama and vt and 
(14J ), llogarth (159), llogarlh and Makridaki>(l61). Johnson and impcrsonnlistic modos sueh as absrract annlyrical modcls and 
Hubcr (17YJ, Kassin (190), Kccn (193), Líbby and Fi>hburn (214), company. rcpons. Thcsc taller lour variublcs do not IMmally 
Ubby and L""is (215), Minlzbcrg (24HJ, Nisbcu and Ross rclalc lo cognilive sryle5, ond sorne lurlhcr comrnent on rhcm is 
(264~ Nuu(266J, ·Rohcy and Tauan (292). Sogc und \V hile (304), conraincd in orhcr porrions ol our erran. A numbcr ol works by 
Schncidcr and Shillrin (JIJJ, Slovie and lkhrcnslcin (345), Slovic, . Masan and Mirroll and thcir collcagucs di5CUSS vnrious aspccLS 
Fishhofl, and Lichrcnstcin [348): S\'cnson [J65), and Zmud [41 5). of this cn1cgorizaúon (252)-(2.54). 01 in1crcst in thu rcgard is. a 
This work aucmpls n• sclcclive inrcgrarion ·ol thís voluminous work by Kilma.nn 12001 wlúch suggcsrs thc dcsign or organiza; 
lírcraturc and.cAiensions and inrcrprcrarions ol it lrom lhc pcr· . tions \\ilh the Jungian pcrsonalily ehoractcristics ol individunls.· 
spcetive or ullimale polcnlinl usdulncss lor thc dcsign ol infor· Among the many o1hcr uudics which. hove cmphasizcd thc 

. mation sy51cms ror plnnning and dcdsion suppon. Gcncrally, nec.J lO incorporare dccisionmakcr ch:u'actcristlcs inlo inlonnil· 
relcrenccs :u'C providcd only to ·publishcd lircralure ol lhc last ·rio~~o ~ystcm dc.ign ls lhat ol Dokror and Hamillon (78). Thcy 
hall dccadc "Íih JimÍicd rclcrcnccs lO carlicr scminoJ JitcraiUIC studicd lhc in0UCDCC ol cogniliVC styJc 00 thc acccplanee ol 

· and rcporu.·Thls was lcll desirablc in Órdcr lo limlt lhc rcfcrcncc managcmcnt scicnc:c rccommcndatlons and found a strong corre­
liS! ro an nlmost m:inagcablc sizc. Dcspirc our allcmpl lo rnakc lalion bc1wccn lhc.dccísionmakcr's cognitivo stylc and "illíngncss 
Ibis rcporl ~Jmprchcnsive, Íl doublk'liSI}' lails lO incorporo te lhC lO DC<CP,I !bese n:commcnd&lions. Thcy lound thal dilfercncc:s in 
ímporran• eonrributio:rs or a nun:hcr ur aurhors. And thcrc nre acccplancc roles wcrc duc not only to dillcrenccs in cognilivc 
doob•:.:ssly uninrenrional misanriburions and Jilisinlcrprcladons srylc bul nlso 10 dillcrcnccs in this subjcct population. From Ibis 
F "'cll .For' this apol~gics nrc oll<rcd ru:d lorgívcncss rcqucslcd. and many orbe¡ invcsligalions (34), (74), (77), (79), (101), (1 S 1), 

[166), (174), (229), (252), (253), (263),[267], (268), (311), (330J, 
[369), il appcnrs rhat appropriatc considcration or lbc human 
beha1ioral variable or cognirivc sryle is vcry ncccsslll)' ror suc- • 

Ji. COONITIVE STVLES ... 
; 11;. becoming incrcosingly elear lhat it is neccssvy lo incorpo­

rare nol only problcrn charaercrisl'cs; bu! al so problcm soll'cr or 
dceisionmaker eh=crcrisric:s. inlu lhc dcsign of inlormarion sys· 
.tems lor planning and dccisinn • nppon. A dcficicn<'Y in sorne 
pasl dcsigns has beco lhc neglc~r al rhc human dccisionmakcrs' 
role and eharaclcrisrics and rhcír <'llccrs. Esscnrinlly all availablc 
evidcncc •uggcsls thar problcm eh"raclcrislies and user charael<r· 
isrics inOucnec thc planning and d•o>icc Slrolcgjcs adoptcd by thc 
dccisionmakcr. 'f'his SCCiion discUS>CS 3 numbcr o( cognitivc stylc 
moocls lrom thcs.: pcrsp.'Clives. • . · 

Masan and · Mirroll (238) havo suggcsrcd that eaeh• pcrsdn 
poss.:ssc1 a parti<'Uiar spccilic p>yehnlogicnl cognirivc. slylc or 
"perspnnliry" and that each pcrsonalhy lype·ulílizcs·inlormalion 
in dilrcrcnt ways. In thcir rcscarch on (MIS) ~1onagcmcnlinfor· 
rnarion •yslcm dcsign, lhcy cl.:úm rhal an inlormalion sysrcm 
eonsisls or a pcrson or a ccrlain psychological lypc who laces a 
prohlcm in sorne organiuuional conrcxl lor li·hich nccd,'IJ cvi· 
ócncc lo arrivc al a solution is madc Ol'ailablc rhrough sorne 
mooc of prcscntalion. . . . . . 

Thcre :trc fivc csxn1W vari;¡hh::s in. the lnrormation Systcm 
characrcrlurioo ni Mason antl Mirroll. &eh ol rhcsc are clisag· 
~rcprcd in lo subclcmcnrs. Maso u und lllhroll .choraclcrizc rhc 
p>ydrolo.~i,·al·~l'P• L'uriuhl< accord:ng lo lhc Jungi~n slcrcolypol• 
ogy. In rhis rypology, pcuplc dilfcr accnrding In rhcir prclcrcncc. 
lur inlonnarion acquisítion nnd ~naly>is and lhc prclcrrcd ap­
pr~lilCh to infl.ltmation C'\'alu;~titln and inh:rprcliltion. Al extremes 
in thL· infflmlation ~cquisition din:cnsi~oln are scnsing·oricn.tcd or 
scns~lion typcs wbn prclcr dctailcd wcll·slruclurcd problcms and 
who li~c pr•·ds.: r~llllinc l~<h, anJ inluilii'N>ricnlcd 1ypc pcoplc, 
wh,l t.h~hkc pfL~SC n.lullnc stru.:turcd ta,ks "nd pcn:ci\'C: is· · 
M.a.:~ wholblically. Al cxtrcmL·s h th~ in(ormalion c\'aluation 
Jimcn~ion are f"-cling~mi\!'ntcd Jh·,,plt:, "·ho rdy on cmntions. 
lituatidnal·éthia, :md pci"Mln3l \':!uc:s in m;1king d~,.•cisions; ilnd 
lhinling·nricnlctl inJividual'- wl:·.> rcly on irnpcrwn:J logicnl 
argumcnls in rcadling, lh.·dsions.. · 

ecsslul dcsign or dccision supporl ·sysrcms. · . 
A numbcr of srudics sucb as thosc by Taylor (369), Craik (67), 

Paync (272), Schncidcr nnd Shillrin·(313J, (327] and Simoa (342), 
indicare, as we will díscuss In later scctions, that human dc­
cisionmakcrs aucmpt lo brin& arder inro lhcir inlormation 
proccssing aetivities wbcn conrrontcd .with cxcc:ss ialonnation 'or 
rhc lack ol sulficienl infonnation. Many carly studics assumcd 
that Slatic.fucd pallcms ol dcaling with inl"'!""lion·wcre ~prc­
lcrrcd" by the dcclsionmakcr for the proccs.i oC cxpcrlcocing rhc 
world, and:thcsc wcre rclcrrcd toas •cognitivo stytc.• Sorne carly . 
srudícs vicw ~gni1ivc srylc as a modc ol runetioning that u stalic 
and pcrvasivc lhrougbout a pccsoo's perceptivo óU>d inrcll • ..,rual 

· activirics. A numbcr or inrcllcctual proccsscs are 1ubsumcd wirlúo 
thc lcnn cognirivo slylc. Thesc conccm tbo way in which informa· 
tion ís acquiicd or lormulaled, al\nlyzcd, nnd interpretcd. Thus, 
cognirivc >lyle includcs sueh human aclivitics as inlonnarion 
fihcring :ind pallcm rccognilion. ·,. . . . 

Zmud. has indieatcd J414J, (415) that thosc: lndi\idual dil· 
fcrenccs wlúch influcncc inlormalion 5ySicm SlkXeSS mOSI$IrOngJy 
involve cognilivo slyle, pc1$0naliry,.and dcmographicfsiluationnl 
·vnriablcs. Cognirivc srylc rdcn ta . thc pto<TSS bchavior that 
.individual• exhibir In 1hc rormularion or &:quisition, annlysu, 
and inlcrprcration or inl~rmation or data oC ¡orcsumcd valuc ror 
dccísionmaking. Dnubllcssly cognitive srylc is so"""'·hnt. in­
nucnccd by ¡uch personaliry variables as tlogmatism, introvcr­
sinn, cxrrm·crsion, and rolorancc lor ambiguiry. lla..·C\·cr, liule •. 
nppcnrs known conccmin& 'thcsc inOucnccs. Gough di>cusscs 

· pcrM>nalily and ·pcrsonalíly asscssmcnt in his chaptcr (R7J; bu t. it . 
is rarc lo rind, 11ilh somc ~arable cxccptíuns (249)-(2.51), (3JO), 
(JJ2J, (J52J, discus>ions ol pcrsonnlity ell.-.'i.¡ Up<>n dccisionmak· 
ing bc~a1ior in cognirion >ludies. The dcmosr•phicjsiruorinnnl 
l'ariahk-,; inv~lve pcr>Onal ch:íracteristics such as intclk-.:ru:..l abíl· 
hy. cdu,·aliori, cxpcricncc wilh ·and knnwlc.Jge of spccilic con· 
lingcncy la>ks, agc, and rhe likc. An imporlant situalionnl l'ari• 

· ahlc is rhc lcvcl o.l srress encountcrcd by lhe d.:ci.•ionmalcr in a 
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spccilic problcm slluatlon. Thc leve! ot stress, which r~$ults in thc. 5olutiom,'or who ~earcb io:lonnation by uial andcrror \·~rotho:Sis 
adoption ot a 'coping pattcm, innucn•-.:s the dcclsi'.'mnaker's · festín&. Systematic.indi\·i<;uab utiliu abstractlo&i••al n)!.¡Js and 
ability in acquisition and proccs~ing ot thc inlom~ation ne•'l:li5:1r)' procc~s in thcir. c<igniti,•!' dtorts. t.leu~~tic indi,·idwls util~e 
tor dc..isionm:lking. Thc subject or stru.< will be dcalt v.:ith In common ~tn.'IC, p:ut •~l'"DCRCC, and mtutll\'C •t.:.:l ~ Systcmallc 
sorne ~ctail in Scction V. ~lany ~ariablc& are csp.:.:ially ir oport.ant · individuals would be ab!. to cope \\Íth \\'dl·structurcd pnlblems 
tor 1111 intonnation proeming model ol cn¡;nitive beha,·o~r. S.>n1e : withour difli•'Uity and ••••uld approach unstructurcd prc>blcriu. by 
Will·be di~eulo.!Cd In Scction 1 U. Our dforts in.this ~ecti11n will be ancmp'ting to ..,ck undco !ying "ructural n:latic>ns: "'hcrcas· hcur~ 

. dcvotcd primarily, thcri:tnrc, to cognitivo •tylc ·cnnccpt., cop.,. lstic-indi\iduals \\'Ould aacmpt to cope "'ith unstructurcd pro~· 
cially thc role ol peno'n:ility variables In thc odoptlon ol cogni· lcom without a consciou:. odlort to scck atructural idcntilication. 
tivc style. · . · · · · 01 pnrticulár imponnn,-.: with rcspcct to cogniti,·e styles. ~: 

Thcre are a number ot cognitiva stylc models in addition· to rdatlonships bet,.un th.·.cn•ir.>nn~ntal complexity or lbe·con-· 
lhat oC Moson and Mitrnlf; .BarilC ond Lusk (24~ lor cumple. tingcncy task structurc ;:nd inlormation pi'O<'\'Siiing ch:~r.~cteris- · .. 1 
bavc discusltd thrcc cngnitivc stylc charactcristics relcvant to tics. A number or authnr·: ha,·c ancmpted cx¡oerimcnt~ based on 1 

inlonn~tion system dc•ign: cogniti\·c complcxity. licld depcn· . thc hypothcsis that the ,·nnccptual structun: ol thc individual ·l.· 
dcntfindcpcndcnt, .nnd systcni~ticjhcuristie. The cognitivc com•. determines information proeessing · c:haroctctistics. Conceptual 
plexity ch~rnctcristic in•·ol .. cs thrcc struetural charactcristics oC structutc: is typicaily mcól>urcd on n.dimo:nsion oC :abstr:~ct \'CTS\Is·. 
lhinking and pcrccption: diffcrentiation, thc numbcr ol dimcn· coni:rcte..Al>stract indi\iduals \\'OUid be Cllp~blc oC usin&·intcgra•:. 
sions sought or cxtractcd :~nd assimilatcd lrom d~ta di,.,rimin~· tively more. ·complcx con.-cptual pr~ than concrete type·. 
tion: thc lincnc:Ss ol thc nrticul~tion proccss in which stimuli are individuals. Abstractnc:s> may be .'fharactcrized by thc ability to . 

') 

· Msigncd lo thc same.or difieren! catcgorics: and intcgration, 1he dillcrcntiatc·a·greatcr voliety ol information and to discriininaic" !· 
numhcr and complctcncss ol interconncctiops arnqng rules lor · and integral~ inlormatior. .in complcx wnys. Abstr.lct indhiduals 
c:ombinin& informalion. . . · · would, thcrclore, be cxp<~ted to bá.sc nctions on mon:.ioforma· . 

1
, 

Bcnbasat and Taylor' [35] note that much cognith-.: ~omplcxity tion and to: dcvclop · món: complcx stratcgi.S Coi inform~tion. ' : : · U· 
rcsearch dcals \\jth intcrpcrsonal pcrcqitioit and has limited cvaluation than concrete individuals. This is somcwbiu simil:u' to · ·' 
value for modcling activitics of managers in proccssing inlnm1a· Piagct's aecount' or cvolving cognitiva dcveloprticot.1 in .that the• .'·k 
tion nnd making dcclslons. Mischcl is cspcciaily perccpti\·c in Mformnl" thinkcr is · capl'l>le ol nbstract lhougbt \\'hcrcas the . , ,~ 
discussing thc poten tia! hazuds ol auributions and cnduring •concrete" thinkér relies '"~re on p~-.:ptual exp.:ricncc ils :1 basis · '' ·,1·> 
catcgorizatioos ol pcople into lixcd slots on tbc b:uis ol a rcw · Cor thnught and problcn. solulion. Wbilc thc worlc oC· Piagct · 
bchavioral signs in bis study of thc interface bctwcen' cognition .appcars 11! assume lhat CO, nitÍVC Capac:i!v evo! ves OVCt time, SODIC. · 

and pcrsonniity [25 1 ~ Thc assumptions that static charact~riu< rcscarch involving·pcrson~ 'ity and cogni/1\-.: style assumes that'30 
tions are suflic:kntly:inlormative to c:nable bohavior prcdictions indivj~ual's cognitivc >tyk is nott:uk dcpcndcnt and notsubjcct . : , ¡, 
in spccilic. sc.ui~g:: are stro~gly ~iiailcnged. (In .cvalua~io~ ~r the · ·¡o cha~ge ni·¡¡ f~nctión c.: contingcn<>: variables such. a.s experi; . 
Uses and Jinutahor.s of·stahC !fOil charactcnzalJOD ofmdov1duals 'COCCo'. ,. \ . ,· · · , . .' .' ·.: 
is prcscnted aood .thc mong intcracting role o¡ cont~xt is cm· Among other clforts. 1 lriver and Moek [RJ] dcvelopcd dccl,:,, 
phasized. Mischcl is espccially conccrncd "ilh Mcognitivc eco-:. sion-stylc .theory. a set ol lour dcdsion 'styles bD$td· up<~n'·the; ... 
nomics," that is to say tite rccognition that pcnplc are casily.· hcuristic-analytie charact,·riz:nion ol Huysmon [172) to,·n:laic.'. 
ovcrloaded with ·an abúnJanc-.: of inlomoation ond that simplilicd conceptual structurc of dcdsionmakcrs 'to both the nmOIInt: oC . . : .. 1 

,! 
,"'' 

. mcthods ol acq!JÍsition llJ,d proccs.<ing of informotion are, ther.,. lnlormotion' they tcnd to use and thc .dcgn:c ol IOC'Using that lh.¡:y,,: : 1 
!ore, uscd. He is cspcclally conccmcd also with growth or self· cxhibit in the use oC inlormotielll .. A heuristic person- ":in,:.w.e'·:· ¡ 
knowlcdgc 30d ruleS'Ior scll·rcgulation with maturalion, topics to intuition,·· past cxperiencc, concn:tc)hought, and 11 "·holistic;~P:.:· · ·' · '· 
be discusscd in Scction V. Y.'.: concur 'Aith thesc \'icws in thot we pronch· tO rcoch dccisions. 1\n analytic pcrson \\,11 utiliz.c abslract··::, ·. '. 

.ú 

belicvc that it is thc indi,idual's"xpcricn.-.: with the til>k at hand logical modcls and wiU ..carcb Cnr couoal rclationships anil: u·n·,:.: . :.d, 
that is thc pnnwy determinan! of cognitivc style; 'Further. we derlying structurc to cvolvc rationale ·lor dcc:isionmilklng. ·The.;': : f 
bélicvc that it is an individuai's information proccssing capacity tour dccision stylcs an: detcrmined by thc dcgrcc·oC Cocus iit' thc ·· · <'1 · · ••.•. 

, undcr various lcvel• ,or stress and in dilfcr~nt éontingcncy task use or i.nlormation nnd the :unounr or information ·desin:d.: A · ';'i 
structurcs that dcteo,,lines, in pah, the quality .. oC dcclsionmaking: . decisivo pcrson is one. wbo \\ishes to scc lhc: mill!mum po$$l'blc · , ;¡' _ 
lhc~ factor~ dcpet <.lstr_ongl>: upon ··~pericncc. Thus ,. .• ioupport · amount.or ·~~~ormatio~ :and who wil! likcly idcntitx.._ a single , ,. 
lhe mfnrmahon p . .kssing VICW of S1mnn [337]-[344] that fc-w. workablc dcasoon. D<ci•oon •pc..'<l obtaoncd Crom short súrnt¡W')', ,., 
characteristics oC thc human informoti\ln proccnin& •)'l>tcm ore · oftcn·\'l:rbaJ·rcpórto, is· a ··haractcristic of thc dcc:isi\oe pCrsc)n. ·A '•:· 

• invariant ovcr the dcclsionmakcr and thc task. Thc:sc characteris- ncxible pcrson is one whn utilizes mínimum inlormation but_,.·bo ,. 1 
• U'' 

tics are generally cxpcricntial and C\'Oivc owr time in n dynanúc . · will id~ntify ·a numbcr or potcntially :acccptablc dccisions. A . ·. ' " 
l:lshion. Thcy are not st~tic and can not be trcated as.statif ond hicrarchic person is·onc wbo utiJizcs·much infotm:~úon. oCicn--
tnsk invariant lor a gi\'cn indi•·idual. . . . obtaincd in a thorough way lrom long invoh•ed p~s.c rcporu'to . 

In the Barifr and Lusk cognitivc stylc model[24], indi,.iduals idcntily • s,ingle aeccptablc dccision. An intcgrntiva pcsson uülizes .r. 
may bé catcgorizcd.according tó whcth.-r thcy :u'C tightly bound · JDUcil infoimlltion to idcntily a numbcr of potentiallyaCtcptabk: ··. .! ··:.;, 
by ntcrnal rdcrrcnts. in struét~rin& cognitions, in which.' CD$t. · _dcdsinns., .. . . . · · · · .. , · · _...;_·: :.. . • · ,, ; 
thcy are callcd licld dcp,•mlcnt or low analytic: or.whether 1hcy· · Va.<arhcl)'i [389] has also cxamined thc'anJiytic-hcuri5lic·l!k · •'l 
can make us.c ol interna! rdmcnts as wcll as cxtcmal rdcrrcnts . mcnsion, His ·experimental rauhs indica te &en.• rally that anál)'tic··.' :~~ 
.in structurin& cognitions, in'which case thcy :u'C bigh 31Ul)·tk oc . typc pcople tend lo use computclll :and othcr analytictoob'mo!l:. · ~~ 
·ficld indcpcndcnt. ,In it lidd·depcnd~nt niodc, p~rccption is in plannin& than do hcuristic typc:s. Hcuristic typcs . u5e. Jcss · ·. ¡¡¡ 
domjnalcd by· the: owrall organization oC the lic!J. Thcrc j¡ inloimatiron than thc analytic types·aoo are more conccrned \\itli :t:i 
linútcd nbility lo perci:i\·c discrctc parts ola licld, eopccially :is thc l~ek ol.Ocxihility in computclllthan anal)'tic 1)-pc..· llowcvcr,'.· · i ~ 
distincl from a Spccific oiganizcd background. FicJd ind~p.:ndcnt bis •tudy of Corrclations among VArioUs. Sl)'J .. mcasurin& inst~·~ ·~·,e 
p.:oplc ha\'c n1ore onalyt!cal and structuring abilitics in <'omp•ri· ·m~nt~· lndkatcs that th<'"" are rcloti\-.:ly low •. - . . ,_ . · ·.· ' ! . · ,.,j¡ 
""" to ficld dcpcriJcrit.peoplc in that ''"'Y can disawcgate a ·· Driver rind Mock al.a •u&Sc•ted a lillb st)it \\'hicb',.llicy ¡ -~·1• 
whplc into its cumpancnt parts. · .relméd 10 as the complcx stylc, which is characteriied by.~: widc · 1 .'1¡{¡ 

Thc systcmatic-h~urbtic c:atcgorization ol · Dariff and Lu>k scnrch and_~oalysis of information .. lt.is a mixture oC thc inteira· . i . ;·¡¡_j 
~<loCribes cognitivo stylcs assodatcd with pc.>ple \\·ho cithcr :<eareh '· · · · 1.' . ~?· 
mrormal1on for causal re)ation>hi.ps that promotc algorithmic 'Scc Scc~on Vol thá p.>per. · .. • ·· , . \fii' 

fi ,-_._ 
. '• 
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ti ve Md hicrarchlc typcs. Zmud (41 ~] ha.< pcrformed soinc expcri· · co~nitive style ch:iractcrizalion thal wiU lntorpornle ~ COJloo 
mental studics of this dccision strlc thcory. Hi• fondings incJiC?t• · lingcncy 1ask structun: nnd lhc dcclsionmokcr's llllik cxpericncc 
that pcrccptual diffcrences can tndccd be obse"·cd tor spectfoc in severa! othcr scctions of 1his paper. In particular wc cmphasizc 
cog.nilivc "y les· nnd nmong subjects. wilh diffcn:nt educatlonol thc strong nccd for consideration of lhc struclun: nnd lhc conlenl, 
and cxpcricnlial,back&rounds. Howc\·cr, his resulls also indicote of plMning and dcci•ion situations in ordcr lo CYC?lvc coni.CJ<tu- ·' 
thal lherc is no apparcnl relationship betwcen cognitivc slyle olly mcanin~ul support. .. 
pcrccptions Md actual cognitive bcha1ior dcspite consisten! diC· 
fcn:nces in pcrccptions of cognitivc Jtylcs. IIL INFORNAtu:iN PROCESSINO. 1: McKcnncy and K.ccn (242] hove done extensive work oa 
cognitive stylc measurcm~nls. Tií~•• have become, in par~ lhe Problem solving. judgmen~ .and dCdslonma.kin& lmply bolb. 
basis for severa! definitivo cfforts [1?2], (193],. (2'58] in dceision 1hought ilnd action. Hcnee dccisionmaking can be defoncd u lhe 
support sy>tcm'dcsign:-They conceptualize rognitive style in two _proecsses or lhoughl and action involving M lrrev.ocnblc olloca,.- · 
dimensions: lnfonnation acquisition Md information procmin& tion of n:sourccs thnt culminates in chotee bchavior. In making a , · . 
Md cvaluation .. Thc information ac-quisition modc consists or dccision, mole oftcn thM not;thi: dccisionmnkcr is dcaling.witb · .' 
recepliv~ nnd preceptivo bchnvior, both at lhc oppositc extremes· cnvironmerits charactcrizcd by riskS. haznrds, unc.:::ainty, com-· ... · 

•, 

o( a conlinuum. TI1ey claim 1hat prcceptivc decisionmnkm. use plexity, chMgcs ()ver time, and connicL Furlhcr, thc qu~lily oCa·'.:. 
conce,pts, or prccepts, to filler data, to focus on pnllcrns of · dcci•ion dcpends upon how .well lhe dcclsioMlnkcr is ~:~ lo' · ·¡ 
inCormation. and to look for devintions _from or conformities with ncquin: information, 10 analyzc info!'m~ti~n, and te¡ cvalualc 11.\ill .. 
thcir expectnlions. Rcccptive pcoplc.ten.J to focus on detoil rnlhcr intcrprct informatioa sueh as to .ducnmt!'ate bctween n:lcv~.t;·•:- . 1 
than pancms and derive lmplications from data by direct ob- and trrclevnnl bits of data. OcclSIOn quality olso depends-upon,_c . 
scrvntion of it, ralhcr thM by filling it lo thclr own prccept.s. how wcll thc dcclsionmnkcr is ablc lo cope \\ilh stress, whi~h·\1 ':· ·,. 

. Wilh n:spect ·lo informalion prllCI."SSing Md cvalualioo; invaiiably cncounlen:d In lrnportanf dccisioo circumstancci-.El·;·, ::;·: 
McKcnney and Kccn mcasurcd iqdividuals on Q icolc, with lhc fcctivc mMagement of ~~ese lnetors cnablcs llralcgics by whicb · _;.; · 
•ystematic lhinkcr nl onc extreme and 1he intuitive thinker at.lhe the dccisionmokcr ma)' nrrive al a good problemsolution, ded· ·\:.: .. i 
othcr extreme. Thcy hove. showo, using a bauery of pencjl Md sion, ·or judgmcnL · · · · · - · · : 
papcr tests, lhnt sysicmatici thinkero npproach a problcm by A numbcr' of studies s~ a5 !hose "l Barran (28], BcÍtrn1111 . : 
structuring il in terma of somc method which would lead lo a (37], Chorba and Ncw (~8]. DeiMey lln Wallstcn [73]. Fcnlhcr ' 
solu1ion; whcreas intllitive tlúnkero u.c triill and error, intuitioo, (107], Howcll and Fldshman· (16~]. O. Hubcr, [168], O. Hubcr 
.nnd pmiou• ••pcricn~c 10 obtain soluUons. · [170], (171]; !ves.· Homihon, nnd Davis (174]: Llbby 110d Lewis 

\Ve ha,·c c•amincd tour cognitivo >tyle charnclcrizations in this (215), Lucos nnd 'Niei>On (228], Mat;Crimmon and Taylor (232], 
scc1ion. Table 1 stimmarizcs thc models of cognitivo stylc ,1hat Montgomery and Swnson (256], Moskowitz. Schaefcr, · ond · 
rcsull from 1hesc cfforts. \Ve note lhe considerable similurhy Iiorchcrdin& (259]; Payne (27S], Simon (342]. Tushmoo .QJ\d 
ornong lhcse tour construct.s. ·ncrc havc been a numbcr of Nadkr (379), Tugglc ond _Gerwin (380], Wollslcn (3~5], (396]: Ma ... 
stu.Jio of the measuring instrumcnts involvcd in classi!ying.peo-. Wri&ht (402]-[406] diS<.'USS thc vital role oC hu_mllll infomtalion · 
plo acchrding to thcse cognitivo styks. Many, such as thc study prpcessing.·in dccisionmaking. Mosl contemporary n:scon:hers : 
by \' asarhcl)i (389] 111enticined. previou•ly, ha>•e foun.J ratber low regard 'infonnation processing na ·a· crucial .liuk for cffcctivc 
corrclations among tesl instrumcnts. Zmud [41:1], [41S] has·indi· . dcclsionmuking Md stote lhal the type of dccl•lnn problem, lhc 
cate.! ·tow corrclation abo omong test scorcs on di!fcrcnt instru· · nature of thc decision cmironmcnl, Md lhe curren! Slotc of the .. 
mcnts inJicating cognitivo •tylL"S. Chcrvan)·, Scnn, and Dickson decisionmakcr combine to determine dccision llylc ind d~ion· 
[57]. [76] havc exprc•><.'\1 much conccrn an.J pe:.simism eon<crning. strategy ·for ·a specifoc task. Thc lenn information pi'O<"Óssing· · 
thc vuli.Jity of much of lhc contcm¡><'<ary<rcscarch in this ruca. . refers lo the processing of verbal rcporl> as wcll as quanlitative 
n.ey commen1 that thc Oludy or individual· pcr•onality cJif· . data sincc· verbal reporl> are dala (99). . · :_ . · · 
lcrcnccs as prcdictors of humM bchJ\'inr and performance havc An information proce55ing lheory of probl~ solving. jull&· 

<en ha>ically unsuc..:C>sful in thul il hllli nut bccn p<>»ihle to mcnt. and dcchionmaking is bascd on. lhe as.•umption thal .indi· 
pn·Jict p.:dormancc on thc b.:asis or pt:rst)naliay charJ~o'h:ÓJiiÍCS. \'Íduali h:l\'C an inpul m~:ch:mism for ncquhition of infom1!11ion.,. 
l111.'ir l'Hillllll.!'nt and tht: commcnt ,,r othcD that the ~haracleris- An o~~pui.J)~.~~hanism toe intcrpn:lation :md choiccmaking. intrr~ .· 
ti<'> of the la>k in which thc indi•·idual inroh·cd is a prime nal proccsscs for !iltcring Mcl other anal)-.is dforts associated. 
J.:1crminan1 o( human hcha\'ior.: :1tlP~d!S un.:as:-..lilab1c. Wr will \\ilh information. nnd m.:mories (C\r long- ami shorHcnn nl'r:J.gc 
pro\·iJc a.nJ di$CU)S :u.IJition:J.I cviJ.:nC'C' ~uppoiling a dynamic o( information. Thl!rc ilrC' a largc numbcr of ways of n:prC)l'ntin& 
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human lnlormati~n proceSJing. Many oC lhesc: ue dcsc:ribed in or wilh v~rious. n:lated behnvio• lhcrapics [109]; howc:\~ lhe.' 
lcxts In cognitivc psychology such as Andmon [7], Posner (281],' esscntials m rcviewcd below briefly. A usc:Cul briel survcy oC lhe 
or So1so (354], and In works in consumer choice such as'llenman_' lileralun: on memOl)' is p<esc:nled by Thomassc:n and Kempeo·in 
(37). J,fucb of_ll¡e work in lbiJ area owcs a greal dcal io Simqn · chapler3, vol. 11 (244].'b¡· Fox ( 128],11Jld by Rndclirr (284} ... - · 
(334]-(344} who has dc:\·eloped infonnation proccssing lheorics in. · · Human mcmory consíilutes two mojar compo'nents, sborl-lcrm 
psychology ond in ortificial int~lligence. . . . . .memory a.rid lóng-lmn·m,mory. Shorl-lerm memory plays a kcy. 

Fig. 2 prcscnls a conceptual model oC o system.s enginecrin& · rol~ in immediatc n:call o! a¡:li•·cly n:he.arsc:d limilcd in!ormation · 
Cramework (308} Cor human infoimation 'proccs>ing. Thcre uc (7),· (354]. Uniess consciol\S cffon ·ÍS pul Corlh in· rccalling infor­
doublkSJly a. number.or componenls missing !rom 1his modcl. 11 mation Crom ~hor1-1crm ·ntcmory, dlis c:annol be done afler a. 
does not show, lor.ex.ainple, 1hc es..:nlially il.ralive·nalure oC the lapse ol3011_o 60s lrom initiolpn:scnlalion. Moocls ola working 
pioccs.s. -Nevor.1helcss v.·e !cel tli:!l il providcs a uscful poinl of shor1-1erm ¡i>cinory iilvol\'1: a numbcr oC mcehanisms, such as·.ao. 
d<partun: and a·flructure Cor our c!Coru 10 !ollow. . oniculaui.y .rchearsal ,loop thal has 1hc ~apacily 1~ retaio ~hon. 

The kcy Cunctions, whicb dclciminc how a specific problem or verbal sequen~ This is jusi eme mcc:harusm by wluch shon-t.erm. · 
. decision situation is cognized, dcpend u pon an intcraction o! the · .rclcntion is possiblc. Therc ore: a· numbcr oC olher sensory. rer.· · 
rnemory and higher~rder c:ognilion oC lhe ¡¡roblem solver wilh isic:rs. 11 is imponanl 10 nolc lhat .shon-tenn mcmoiy is' an .. 
lhc cnvironmenl lhrough thc contingenc)- la.<k wucture. Wc will inlcgrated· network ol m3.~y mcehanis~ and is associatec!i:ln:· 
be vcry IÍoncenied wi1b developmenl o! a conceptual modcl o!' use, witb a number or skined prO<XSSCS. , · _,.··· ~-~ 
higher-ordcr co&Niion and lhe conlingcncy task ·s1rue1urc io · · Shi!lrin ·and Schneid.-r (313], (327] inCOIJ>Dtllle concq:>~ ;o!. 
Scction V. ll u appropriale lo 'remark hcn: 1ha1 1be vlllious . auention; :memory, lUid pcrccptunl lc:aming in their lhc:orY: ·"F 
inCórmation .analysis and inleipn:lalion proccssc:s oC lhinking. : shon-tcrm· relenliOD.. Tbcy hypothcsizc shon-tcrm stora&i;'lhc': 
laslt pc:r!ormllllcc ·abjcelivc idcnliCica1ion, c:valuatioo, ond decl· · Cunction oC which ·is active control oc· lhinking. reasoning. and · 
sion rule idcntificatloo, uc Cllllcd "'higber order" cognition. This gcnci'al mcmory proccsscs. According lo Shif!rin & Schncider, : 
is not ~use: thcy uc: somehow more lmport.lnl 1han lile so . shon-1cnn s1orage is .liD acti\-aled subsc:l oC long-1erm s1orage; 
called "lowc:r arder~ cognilion elforu oC informalion ·accjuisldcin ; Trunsler-,oC inform:idon · Crom shon-1erm s1oragc: to long·tcnn · · 
in\.olving Cormubtion: sensation, allenlion, pcrccplion, and pal· ·· storage is dependen! on nucntionallimilations.·inlcñerencc Crom .. 
tcm recognilion; bul bccause lhcy occur la ter in time in lhc: · : strong · ex'temal IIJld inlemóll slimuli, c¡ctcnl oC nnaly~s oC. inCor·.. · 

. ovcrall informalion proccssing crron. . '' ... ·, málion, and Corm:nion oC :wocialions in Jong·lerm Sloragc. There ,· .. 
· 11 is imponanl lo note thal. in!ormation proccssing and d~: have been .many Sludies involving con«pu such as ·rctricvol. 

i:isionmaking cl!ons intimalely involvc mcmory. Mcmory ( 1021 . processes,· mcmory trace idenlificalion, enroding processcs. a.nd · 
influenccs human judgmenl in a number or ways. 11 will inOucnce . rccognition which wc will nol d~ as lhcy appc:ar o! secimdary ·:' 
lhc: pc:rccplion oC lhc contingcncy ¡ask s1ruc1ure associated ,..ilh · imwnancc 1o.1hc: goals oC this panicular error!. Whilc: fi~c: lo..­
an issuc: as wcll .. as 1he declsion. rules uscd Cor cvalua1ion ol ·scvcn unconncc:1cd ÍI•"IIIS is bcliCV\.'Cito be: the m:Wmum amount· 
ahemalives. Two cbuacleristics oC humllll mcmory uc or speclal · o!.inlorniatlon.thal·c::ut be: relaincd In shor:!.;term mcmot)', long', 
imponancc lar. our·cClons hcrc. Fir>l, in!ormation·will be en- lcrm memoiy may conlain a virtually.limitleSJ ~moun1 of.inCor·· 
roded in more or leSJ e!liclcnl and d!celive· ways in lenns ol malioo. · · .: .. : .' .. ·.• . "-· ·. · · · 
human abilities Cor rec:ill. The coding proceu is dcpc:ndent, also, .· Thus we ..,¡, an cnormous diffcrcncc bc:lweftl humDJI .. abili~es 
~pon lhc interprclation anachc~ lo inlurmalio~ and tllis ~~~ongJy ·.and co'.".P~Ier abil!lics. Dccau!>C oC IU largc k\ng-lc~ m~m~ry, 

., mOuonces C\'cnt m: al~ pc:rccpuons, and AS~alcd cognnovc b1- · and ·. abolny Cor quu:k sc:a.rch and rccall, a human rmnd c~l!y ~ 
ases. Thclilerature conccmcd wilh mcmory and ils· componcnls, rca>ans wholislically. Wholis1ic rcasoning. 5uch as reasoning by · 
and lheir rda1ions IIJld.inlcraclion wilh human P.<rccplu:ll cxpc:ri··. analogy, is' nol al all casy, al 1his limo allea.u, lor·a·c~mpuler. · · 
cncc and behavior is .V .. I IIJld •pcculalive in nalure. Thcrc have . Significan! unaidc:d compulalional crron would be ditricull ror 8 

ba:n many sludics, bo1b physiological lltld p~)'cholugical, con· human sincc·rompulolion musl be done in morl·lcrm.IT!cmoiy. 
cerned •-ilh lhe .identifica lían oC lhc mcmory Mcngram,w which is .·Tioi:ic cxUIS thc poMibility thal infonnolion .slorcd in lonr.7tcrm 
hypolh.-.izcd lo be lhc rundamcnlal unit oC nicmory. We nccd !ll<mory is Oawcd bccou.c: oC .. rogni1ivc-bia>cs inlroduced·. by' 
rool_ be ••pc:(-iany conccmtd in lhis effon wilh 1hc ,·arioua physio> · proccs.in& in shon•tcrm mcmory; A ·principall"'k oC cómpu1cr- · 
lo¡~tal Slruclurcs and P""'"'""'" asso..-ialcd wilh human mcmory; · aidcd _supporl must be lo ougn>cnl human ·cap•bitilic• in .need ·oC · 
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. d' • ~h 1 h • >- . . OCNo&VIMI.T I•NOil ~' ., augmcolation, whilc nol omonO' ong abo olocs on 1 o..: an:as "'· 
which human ahililies cxcced iho:.c o! ihe compulcr [81J. .¡.CI ;¡ '•' ••,\ • 
!fOLir cftort in ¡he rcmain.Jcr o! lhis li!ZCiion will be. olcvolcd lo a '~'~ , . • 
dc..:riplion o! the various procc>..:s which su¡ipórl in!ormation •, 
acqui>ilion and iniormalion analy>is. We will al><i di..:uss sorne 
o! lhc cognilivc bi..cS.Ihal can rcsult !rom "poor" in!ormalion • •, 
nq:qui!loition a.nd .information anai)'Sii..lnfonnation intcrprctaljon, cRITtRIONL-~-~.-.:~"\;;j.,--:---:;~--l..,DG~U~:~t 
vAii~h lc01ds to altcriu&ivc cv;¡lu>~rion nnd d~:ei~ionn~ak.in¡, 1s a.n '• "•· : ·• ~~~~ , . 
impon~nl and oo

1
m.,.·hal1 dbi•li~cl pando_r ~~~ o\·cran. inlorm~.tloa 

1 

· s ' .·.·l. procc••m& moJe . 11 wil e ul!iCibot on ,u•C nexl .our KCUoas 
ltom r.c:vcrnl pc:rJropcctives. · . . . t · ., 

The l)l'eS or opcraoions involvcd In inlomo:ilion ocquisilioa are. .• •• 
~cn~ation. aucntion, pcrception, Dnd r:urc~ rccngnition. Doubt· .··. · • • 
Jc .. ly 1herc are olhcr valid ways or caocgorizing ¡hcsc opcralions ,.10,,,..,.,,., : 

f7J, 1371; (671.11001.(1371, [1481, lmi.(281I.I297J, [2981, (3131, or '""""""'"' 
[3271. {3331 bul thc 1axonomy u>ed herc is suflicienl lor our · '•' '•,t, 
purposes. In scnsolion, inform~lion is aci¡uircd ohrough lhe fivc \. 
majar scnsc modalilics. which are cnvironmcnlafly activatcd; in : 
response lo a sp<:cific III'ray ol slimulus encrgies. In a. spccilic · ,: r.::==:-o 
dcci.s.ionmólking .~if~tion, thc d~o.~i~innmaker fihers. ouc bits of 
dala believed 10 be ine1cvanl. Thc liltering process is basca upoa 
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· t•~k characacri.stics, cxpcricncc, morivulion, as wcU as othe~ lea· 
lurcs and dcmnnils or lhci specilie dccisionmaking situalion. 1( 
such a fihcring mechanism were nol lo exisl, lhc dccisioninakcr 
would ollcn encounlcr informalion overload whieh gcncrally 
resuiiS in Saluralion and lhc !nabilily lO pre<:ess sufnclcal infor• 
malion lor thc lru;k al hand. Short·lcrm and long·lcrm memory 
componenls play kcy roles in lhe informatioa acquisilion prócess 
as 1he dccisionill.lkcr procc•'lls "illo ellorts thal culminale io 
choice. A response sysiem couplos 1he mcmory · syslem 10 lhc 
scnsory syMem and lhc cnvironmcia. Thus it conlrols or aclivales 
lhe SCnSOry m<>dWiliCS.On lhC bDSÍS O( lhC 3ClÍ005 lnkcn. TltrOUgh 
lhc response S)'SICID WC close lhe infornoalÍOn now feedback loop, 
Bowcr, in wlurioc 1· of El tes IIC~I. h~ summarizcd principol 
componcnts oC lhc now syslcm. A mOdcl or the principal compo-

• ·, jud¡mcnllhcory. · }.._..· neniS O( information now mighl c,·nsist o!: lhe response syslcm, 
thc scnsory syslcm, lhe mcmory syilcm,and the'ccnornl processor, 
The cenital proccssor coordinalcs memorizing, lhinking. evalun· 
1ion ol inlonnalion, and final dcc',ionmak.ing. · slimuli; and perccpt!on, or thc use of higher-order 'cogniliq(ltO 

Ul1ima1cly Im·olved in relcnlion processcs is the nolion o( inlcrprcl scnsory slimuli. . · . · . ,-::·: 
~uerition [71. In ordcr Cor inlorr;;~lion lo be lransferred lrom . We hove jusi de.scribcd whnl mighl be regardcd as a ·eom~,.' 
•horHcrm mcmory lo long·lcrrn mcnoory, consoanl consciow · ncnl ·ar physiological noodel oC lnCormation processing. lis·· i~:. 

· allcntion, in lcrms o( rehcarsal, is .requircd. lnlormalion en1ering slimulus response approachcs, bcbavior is Sctn as beiiog initialed :· 
slooro-!Lirm mcmory lhnl is not lllcnded 10, lhrougb spccific by tljc onscl,of olimuiL A sccming dcficicnc:y in approachc:s oC . 
conscious proccsscs, is losL Proc.,,sing o! inlornoalion deman\ls .lhis fOrl is.lhaf lhcre is Uttle.considcratioa or how in!oimalióri' 
.auending lo rclcvano bits of incoming data and lrans!c'r:or lhc bits are ¡¡ggregnocd lo innucncc·cboi<;e nnd how the dccisioll' 
data in lo long·lcrm memory for luourc reoricval lor making a makcr ·giocs hbou1 lhc proc:css·or informalion formulat!oa or · 
decision. lnl.cr!crcnccs br vnrio¡JS lypes may inocrrup1<'n¡1cnlion ·acquisilion, analysis, lind inlcrprclatioo.... . · . . 
and 1hus lúndcr lranslcr and relc .Ilion or rekvanl slimull in lo · A lons model dcvelopcd by Brunswidt aild bis lludentS is a 
long-lcnn mcmory. . nooablc exccpoion lO llús. Thc Bruns\\ick lcns moJel is ¡he. basis ... 

lnhcrcnl in lhc .Proccssing o( iuformalion acquisilion. is 1he Cor L~c· policy cap1ure or social judgcmcnl lheory approacb ol 
proccss or pallcm. recognilion. · Tilis proccss gcncrally idvolvcs .Hammond and lús colleagúcs [ 1401-1143). The lens mOdel, dis­

·lwo phas..-s: cxtraction and idcnl¡ficalioo. A givcn soimulus is · played. in Fig. 3, assumcs lhnl·pcoplc ·are guidcd by 'ralional 
~coJ.<d" in lcnns o( its fealurcs. Thcsc cxlractcd lcalurcs o( lhc · programs in lheir allcnlpllo adapllo lhe cnvironmcnL Thc:rc is a 
objccl or slimulw d.cscribc lhc stimulus: Thc lcnn "lcalures" · crilerio,i .volue )~. and lhe subjcc¡s response, judgmcnl, .O, in·· 
implics such characlcrislics. as anglos, lin•-s. or cdgcs. A slimulus . !crcnce r,. Thc lc!t sidc of Fig. 3 rcprcscnls ccologié:al cuc 
may be rc•-civcd lhrough'any ol lhc scnsc mO!lalilics. Thc mean-· .validilic:s w·hich = 1hc conelalions r., belm.·n lhc cucs and 1be 
ing lhal lhis convoys lo· lhc dcchionmakcr, or 1he · manncr in critcrion valuc. On lhe righl or org~mic sidc of Fig. 3,. a 
which the dcci>ionm~er pcrcdvt·s lhc stimulus, is dcpcridenl • >Ubjecl will .base o re>ponsc, judgmcnt. or inCcrcncc Y,, on.lhe 
upon ohe pa11cms e•oraclcd from lhc .oin1Uius. In ohe idenoifica· pcrccived cc:ological >lruclurc. By calculating lhe conclolions r.,, 
li"n ph:osc, lhc scnsory- pcr<<'J>IIIOI syslono cla.«ifics lhc slinoulus · 1ha1 exist bclwccn 1hc cucs and 1hc response or critcrion evolua· · 
ohjccl. Thc Wa)' in "·hich llús is vhcn assumcd 10 occur is by a 1ion, leaming conccriling lhe response syslcm can b,: obt:üned. 
W.:i&hlcd malching ol 1hc curre ni kalure li>l againso a likcly scl . \Ve no1e 1hai 1hc valuc o! lhc emironmcnlal crilcrioa Y¡ and 
·1 ¡>rololypcs in long·lcrm mcmor>·J7J, Jllll. J327!. J3541 wilh 1hc 1he subjcel inlcrcnce. J; are dircc1ly comparable ir linear combi· 

'npul bcing dil»ific.J accorJing lo 1he namc ol the bc>l'-malching nalions or 1he cu•-s are D>Óumed. Wc havc, for n ~'.:-'· · 
'~--~·prolt,lypc. TI1c ·qua1ily or C\ICnt o( thc scm.o'ry infomHltion • · · • :;;:.\r._; . 
· C'.\lr>~"'lcd dch:rminr:s th~ Oll"CUraC)' o! idl!ntiflcation. · Y. ""• ·+ n. ~ L ,.,,, · , . · . , =:= ¿, n,¡x1 r.,;_ '• = k nnx1 Thus paucrn rcr.ognition proc·.~»~cs in\·ol~·c m~mory nnd thc . l= 1 l=l 

Cllhcr lhrcc_comp0ncnts_or inform:·nion ~¡;quisitit)n: ~n~:llion, or •· 
th"• iniliall'Xpcricnr.c <'f Slimu1ali\··;, from lhc sc.-1sc.u-y moJalillcS· "" · · .f. ~ · 

11 l• h · C • • • Y,= ·¿. h,;x1 + "•• r. = .J:.~It,,x, a c:n H\f\, or t e lC\n~·ntralton ,. cogrullve l'lforl on scnsory , lml · f=l 
J • . ··¡~; . . . • 
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where h,. lUid A,· are optlmum regrmion wclghis for the·lnde- ,..ith ju~gn1ent and choice·arr·npccllilly.noic..'orthy;· A!nons tbc . 
~ndcnt cues x, whlch pro\i~e. mca>urc~ ofthc importance wei&hts cognitivc hi..:Cs that havc bco;: idcntified are IIC\'Cral wluch affcct:. 
or the cucs, '• and '• arc·crroi terna duc to inadcquxy o! thc informati()n fom1ulation or r-.•.¡uisiti•'"· information.onal)••b.and 
linea{ modcl, Y, and Y, are th'e' truc critcrion valuc and subject intcrpretation. 'Among these uiascs, which arc.·not lndcpcndcnt, 
response, and Y, and )>, are thc predictcd critcrion vaJue .and are thc following. . . . ' 
·aubjcct response b:ucd on:thc ob5Crved cucs. Thc many works o! /) A<YfUIIU<'nl ancl Antburir~~: (34SJ, (383)-0ften a penan finds · 

- · Bammond and hii· auociatcs (2), (21), (4S), (S4), (140)-(143), ~hal diffii:ulty in problcm so~\ing lrdue nótto ~e lack of,.data 
ps6~ JI87J, (261). (290), 129-l), (295). (404Jconcnning social: arid information, but rathc:r 10 thc elistc~ o! exccss,data and. 
judgmcnt thcory makc .use ol this :lcns model. The approach has· : inlormation. In suchsiluati01!s, the pcoon oftcn rcoons 1~ h•"Uris­
b<en shown to be usdul in a va riel y ol arcas such as policy tics ,..hich may reduce the mental effons required lo arn\'c at a· · 
fc•rmulation, ncgotlation, and connict resolution. Rcccnt cllons · S<llution. In usin8,-the ancbr.ring and adjus1mcnt hcurbtic when ·. 
by llollman, E.orlc, and Slovic (IS4J hove shown thot the coin.' conlrontcd wlth a largc am·•unt o! data, t~e Jlerson .sck'Ct~ a 
pulcr displays ol social judgmcnt theory: which show both task partkular datum. such as the n1ean. liS 1111 .inlual ur •lll.nmg pomt, : 
i:baractcristics, in tcrms ot cuc ''aluos and corrc•ponding critcrion or linchor. and. 01cn adjusll thot val~e tmprop,·rly m· orolcr to 
values; and response charai:t~iiMics, in tcrms o! individual cue incnrporate thc rcst · or ·thc dato such as .lo rcsult. in n~wed 
valucs and ossociatcd subjcct responses ond judgmcnts; provide a intormation nnalysis. · . . · · · · · ·. · ··· .. 
\'cry c;llcctivc IC<.'dback ~1cohanism which might cooble pcoplc to . !) AIXlil<ibllit.v 1383), (385).,.. Thc dcc:isionmakcr uses only caslly. : . ! 
crrectivcly lcam much about complcx lunctionnl rclotionships : av:üla~le. intorrmition ond i&norcs not casily avallablc ·sourccs or .. : :: .. 
and tasks. Thcrc o.re a numbcr ol •ludies or rcgrcssion llllalysis . signilicaill in!ormotion. 1\n n'CIIt.is bclicved to occur lrequently~ ·;· · 
approaehcs to dmrminalioo or paramcters tor dcrision rules . that is wilh high probobility. itlt .is ea••v to rccall similar C\'cn'tS::.··, 
(:60), (290). Uoc ot rcgrcssion analysls u central to soci;ll judg• . J) Bust Ratt ll5),(291).13M€o)-Thclikelihood o( occurrcncc o(." 
meo¡ the.ory. Recen! application.i ol the approach· (261) have· · ·two cvcnts is oftcn compare\! by eontruting thc number ol time$ . 
involvcd using simulalion modclJ to genera te rcspon.<ts whicb are · thc twcl cvcnts o.-cur and Íf,ll<lrin& thc nlle ol occurrcncc ol cacb · · 
voluatcd by the ded•ionmakcr. · cv.ent, 1ñis biu oltcn occurs whcn the dcclsionmaker has con·'·, ·. · 

· Qucstions conccming the cognltivc stylc used by'thc de-· 'crcte.expcricnce wilhone cverit.bill only statistical or abstrae!'.' ·, 
cisioomoking an:, wc bclicve, very imponanL lntorntotioo· analy· inlonnatlon on.the othcr. Gcncrall)' .ilbstract inlonnotian \\ill be . 
sis and lnlormotión inlcrprctatlon may be accomplisheil in a. ignorcd at lhc expense ot concrete information. A base ra'tc ' 
concrete opcrational modc o!thoughl or in a tonnlll opcrational ·. dctcmlined· primo.rily from i:oncretc in!ontiation may be called a . •· .. 
modc. \Ve will describe thc cssential lcaturcs ot thcse two bighc": ·.·. causal·liasc ra.tc whereu th.i! dctcrmined from abstrae! inlonn:i·_ · 
lcvcl cognition processcs in Section V. Thc concrete opcrational . tioo is·on incidental ba>C r~te. Whcn inlormotion· updatcs occur; · 

. ~ ! 

1 1 
·' 

¡ 1 

: 1 

thought proccss, which is typically·ilpplicd 'in familiar sltuations .thls iri~ividuating informatiurl often is given much. more wcif)tt. 
which pcoplc pcrcci\'e to be wcll structurcd, niay involvc effons than lt.!lcscivcs. 1t is much l!llSier·ror indlviduating inlorrnation · 

/' 

such aS reasonin& by, analngy, or allect, or standard opcrating. 'to ovcmdCincidcntnl b:uc ratcS'Ihan cuusal boJt: rotes. . . 
~ procedurcs. 1be .tonnál opcrotional tbought pri:lcCss, typically •. 4) C01um~tlsm 1210), (259), (34SI-Thc ranurc to rcvioc es ti-. 

, · 1pplied in situations witb whicb}he problcm solver is untarniliar .· motes u mu~ os thcy should be rc\'iscd, bascd on rcccipt ol n.W 
\ ..... ...- and incxpcricnccd, ·=y involve explicit use ot quomitativc or signllicant itilormation.• iJ known as conscrvatisnt. TIIis is rclated 

i¡ualitative analylicalthought. . . .lo data saturation' and regression cllc:c:ts binscs. · ,. ·. . · ·. 
In· citho.r o! th~ m~cs or ~stylcs" ofthaught or cognitlon,. · • S) Data J'i'tsrmutiDII Conttxt (161)-Thc lmpact of: •. su~ · '·· ,. 

·. inlormation acqulsilion, analysis, and intcrprctotion may be quite · mariz<:d dat'a, tor example, may be much grcatcr. than that·or .11)~. : · 
flawed. Many receot studlcs cmphasizc thc strong nccd ·tor mod· aamc :data .prcscntcd tn dctailcd,. nonsurnmo,rizcd . !orm. Also::f,: :¡ 
~ling problcm solvin3 ~havior la.~ ~rscripti~~ or positi.vc sensc. di!férentocalcs may be uscd to .~nsiderably'change th~ impa~(O,f•:,.; ,. ¡ . : 
•n ordcr to detect posstblc naws m ~ntormouon proccssmg. Our '~e same data. ·. .· · .... : ·· ::··:.. . . .': ";!.'.:..:,':. ,. , 
diSCUS51ons. thus lar in this section have· bccn cónccraed wilh · ; 6) Datá Sattlrt~tlon-Pcople oftciucacb prematuro conclwións:·.,. .. ; ·: ' · 1 

. physiolntical modcls in whicb ,pcoplc havc input aild outpui: pn lhc bosis o! too small a llllllplc of infonnatioll whilc ign0rin& ' : ..... ! . 
mcchanisms. a memory tor infonnation storagc ond retricval, and . ,the rcst otthe dato that is rccclved later on, or stopping acquisi· · ;· i · · 
a ccnJral proc:cssor for coordination and:coatr~L He~, lf~. wish·: .Jion or do~a premat'urely. .. · . . · :. . . .· . · · :. ·,; , . : ¡ · 
c;pcaally to undcncore thc necil not only. for phys1ologtcal or .; :"7) Drslrt/111" St/f·Fulfi/1/ng Prophtdu.,.. Thc dcclsionmaJt.er val~ · ·:' . 
stimulus-rcsponsc rnodcls but cspeciolly for proceti~ tiacing (7l), .':~es a ccnalti outcomc. iniCrprctation, or conclusion áild ocqui~ .. 

·. (95-98), (2SS) models o! 'intonnation lonnulation, analysis, and : · a.nd anillyzei only informotion thatsuppons this conclusion. Thii . '· 
intcrprctation as. wcll as a.sociatcd dcclsionmliking. Knowledge . ls. anothcr tono ol sclectivc pcrccpl.ioti~.. .'· : . .' :- .. · · · . : · . 

. ol thc actual unalded prpcess ot probletn 101\ing or descriptivc·: ' 8) Etut of Rtcull (lOS), (Jg2¡; (383)-Data whlch C:m casny.bé' · 
' proccss tracing ~ould serve as a uselul guidc to thc dc•l&n qf · rccallcd or asscsscd will af!cct pcrccption o! the Jikclihood ·o! . .- · ¡ . 
. information systcms'tbatavoid, or atlcast IIIIICiioratc thc ellects · • similar cvcnts · occurring again. Pcoplc typically wcigh. easily. ~.: ' 

o\', cognitivc heuristies and. biascs. 11ili involvcs requircmcnts for rccallcd·. data more in dcclsionmilkin¡f Iban thooc diu.a whicli ·· 1 
. ·. a knowl~&· o( the ways. in which pcople apply strattgiCi in ordcr c~!JII9i ~iuil)'_ be rccalled. . : : --.. . ' . . :. ' 

toreachJudgments. . • . . : . . · 9)Exptttutloru (161); (23$)....,Pcoplc o!tcn rcmernber :ind at.:·:·:.- ¡,. 
A lar~c numbcr o! contemporlll')' studiés In co~nltive psychol·. · .. tach: highcr .validity to intormation which· n•nlirms thcii ,prcVi, :: · 

ogy lndtcatc that thc ancmpt5 o! pcople, includtng cxpcns. to .. • ously' held_b~lie(s and cxpcctations th~n thcy do to diM:On!irming ~. 
apply va~ous intuitivo stra1cgies in orde~ t~ ilcquirc an~ analyze · lnro.rinotion. Thus thc preSc:ncc:otlargc amounts o! lnloimation·:·.~ · 

.. inlorrnatolln for: purp0$<5 sucb as prcdJCtoon •. torecasung, :lnd . makcs·h.caslcdor onc' to oclcctively ignore diw:onlirmi'ns..intor· ... · 
. ·.~Ionning are oltcn Oawcd. Many studics havebccn conducted tó• motioii such. os to rcacli any conclusion and lhercby ·j>rovc · · ·· 

dcscribc.and cxpl:ün t.h~ ':"•Y in,l~rmation ís acquircd ond anai)'ZCCI _· anything that one dCiircs to'provc. . . ·. ·. •, 
~nd t.hc,rcsult5 o~ !aulty .a~uJSIIÍ~n and ~nlysi~ Cicn~rally Jhc · .· 10) FU<!·Valut Confw/011-Stron&)y held val u~ may ot~i:n. ~, 

. dc'SCnpUvc bcha\1or o( •UbJCCIS IR lasU tn\'01\'1~& lnlurmaUan rcgarded ond- prc.cnted Wi facts. That lypc .of lnformalli>n U 

~ui•ition and analysis is compared to the norm3th·e rcsuhs that .JOught which ·~onfirms or lcnds crcdibility to onc's \icws . .'and 
~.Íuld prcvail i('pc<~ple·followcd an Hoptimal" pr<>ecdure. Thcrc valucs. lnlort~~inlon which (ontradicl5 one's··vic,.·s-or \·~Ju.S il 
· h:IVC bccn-a numhi:r o! rcccnt dio.:u>sions pi cogniti•e biascs from ignored. This is roloted to Wisb!ul thinking in that both ólf~ !orrns 
..,, . .,.1 pcr.pcctim (61)¡(62), (98). ( 142). (154). ( 156), (160), (161). ol sclcclivc perccptiOIL ·. .' . . 

·IIBSJ, (234), (263); (304), (30'1), (346-349J,I3Sl), (.152), (38SJ, (386), · · 11) Fu111lumclllul Auribut/on Error(SucmsjFui/urc ErrDT) (263), 
141)(¡-40!1), Thc recen t. tnts by Nubett and Ross (264) and . (264)-,-The dcdsionmakcr Dlo>llCiotcs succeu with pcri>On:t.Linhcr• 
Hut.rth (159) ·Cbnccming tbe. stratcgiCi and bi~ associatcd .. entability ~nda>sociatcs'!ailure with poor luck in chancc cvcnts. 
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This ;, rclatcd 10 avanobility and rr;;~tivcnm. · . :!5) Srl«;i•~ l'trrrprimu 1161]-Pcople oltcn ><.'Ck :,nly inlor-
/ ~1 Camhlm Fullucy-Thc dcei>ionm:A.tr Calscly !!S>Umcs lhal mation that confimu; lheir •iews and values. Thcy disrcgard or 

unex¡><:clcd occurrcncc oC a "run" ot wmc cvcnls. cnhanccs the Ignore discon!inning.(vidcncc. lssucs are >truclured.on.lhc basls .. 
probabilily of oc:currcncc ol an evcnt that has nol occurrcd. cil personal · cxpc:ricnce and "i•hlul thinking. Thcrc · a.rc· many · 

/JJ //ub/1-Familiarily with a p:uticobr rule lor solving a illwtralioils of sdccti\·c perccplion. Onc is "rcoding belw,oen lhc , 
problcm may rc>uh .in reuliliWiion ..r lb.: .:une procedtJrC and · Jincs" .such as, lor cxomplc, lO dcny antcccdenl·statcmenls and,· 
~>Cicotion' or thc ..,me ollcmotivc wh<m cmlronted with o similar as a con.<equcncc, acccpl •ir you don't promolc me. 1 won'l 
Í)pc of problcni ond >imilar inlormamion. Wc choosc nn alterna· pcrform wcll" as lcllowing inlcrcntially lrom "~"ill pcrfonn wcU , ¡ 1 
ti•·c beca use lt has prcviousl~ bccn """'l'~blc for a pc:rccived U you promolc me." ' · , : 

1

. 
>imilar purposc or bccausc of tiupcr~tio:lc: . , · • • · · ·~ . ~61 Spuriow Q~rs· 1161]-'0itcn ~cslh op~ar only'by, OCCIU"h ¡ 

141 1/inJ.<ighr 1112-114), 1116)-F..,P.: are of1en unohlc lo 'rcnee or a:low probahility •"'ent bur. cy,arc acccplcd by 1 e 
think ohje~tively if ahcy receivc inlmnalion that an oulcome has·,: dedsinnm:aker as·fUmmonly O((urring. · · · · .". · •• 
o.::eurrcd ond they are- 1old lo igMr<;. tbis informalion. With 17) Wlshful 17Jillking-:tñc. prcfcrcnc:c of lhc decisionmnker 
hínd>ight, OUICOme> thal ha ve OCCUIT<Ú sa:m lO buve bccn incvi• for. particular .OUICOmO:S lllld porlicuJar dccisio>OS can kad tbC 
table. We sce relation>hips much moo: casily in hind;ight than in decisionm:aker to choo.e an allcmoli\~ lhat the decisionm:akcr · 
Core>ighl and !ind it ca.• y to change our p<edietion. alter thc' f~ct would likc to hove a.•socioted. with a <l<">irablc outcomo:. ibis 
10 corre~pond 10 what wc kn.ow hos CM.'\.-urrcd. . . · implies' a conlounding ol faciS nnd valucs ond is a lonn ol. 

· 15) 11/oaion of Conrrol [209), 1210]....:.A good ouli:omc· in a. ·SCicctive perccplion. . · . . · · ·. · ·• 
chancc situation m ay. well hove rc><~llcd lrom a poor dcci.•ion. . Doubtlmly. therc are othcr inlom1ntion oequisition. onal~is, 

· Tbc d.-cisionmaker may as>ume a fNiing of control over events . and inlcrprctolion biascs lhat wc hove nol identitied helé. Any 
: that is not reasonablc. • · · ." · · · catcgorizotion in lo acquisilion;annlysis, and inlcrprctolion bias is 

16) Jllwion of Com/arion (1 1$), lla3)_:A misl:akeo bclicl that .· somcwhat.arbitrory si~cc ilerotion and fccdbnck will.often,.in 
. two evcnts covary whcn thcy do ""t cpvory is known os. the proeticc; .not allow.lhis scparation. Also, many oC the identified 

illusion or correlatinn. . . . . . . biascs overlap in meaning ond, thcreforc, 'ore rclaled lo 'othcrs. 

'. 
• 1 

! 

. 17) Law of. Smu/1 Numben. (..., Kohneman ond Tvcrsky . Somc Curlhcr discussion of cognitivc biascs will.be prcscrited in 
[23$))-Pcople are insurticiently sewitive to quality of cvidence. .. our discussion of the siluaaion lroming phasc or prospcct.thcol)' 
Tbey oftcn cxpross grcalcr confid,-..;e in prcdietions bascd. on in Scetion III:Ccn:tinty, reficction, ond isolntion effects are thrcc .. , ! 
small samplcs of dala \\Íih nondismntirming evidente th<lll in resulls oC lhcse biase• lhal'hnvc particular pronüncncc .in'pro- ; 
n1uch largcr somples with minor di>eon!irming evidcnce. Sarnplc spc:ct lheOI)'. , . • · · '.. · 
size. ond rcliability oflcn ha ve lillk infiuencc on confidencc. . . OC parlicular intercsl are ci.rcumslllnccs undcr which.· thcse 

/8) Order E//ms [ 161), 1 184)-Th ordcr in which inlorrnation bias~ oa:úr, lhcir clfccts pn aclivilies such as dccisionmaking, 
k presentcd allccts infonnation rcl:mion in memo!)'. Typically ... i$sue resolution,,PiaMing. and for=sling and nsscssmcat;:ond 
)he lirst. piece of inloimation pre,calcd (primacy elfccl) and lhc np¡iropri~IC saylcs whieh n\)gbt rcsuh in dcbiosing or omellor:tlion 
Jasa prescn1eol (reccn•-y clleel) amonc unduc importanee in the · oC the crrycts oC cognitivo bias. · . '. 
mind of the dccisionmaker. ·,. · 'Many of .thc cognitive biascs lhal hove bccn·found lo cxist 

/9) Omcom• lrr•k'Calll Leuming S;~r.m [96L [97)-Use ot on ha•·e bc'en found in the unlamiliar surroundin~s ot the·c.•pcri· 
inferior processing or dccision ruk can leád to poor results ond 'mental hlborolol)', nnd generalization of this work to real · . .,·orld 
the. d.-ci.sionmaker éan believe th;~ the~e are good bceause oC · situations. is a contemporory rcsearch arca of mueh.. iniercsL 
inability to C\'alualc the impoets ol the choices nol 5clcc¡ed ond Howcvcr most ol the la baroto!)' expc:rimcnls ha ve conccmec¡,..cl)'' 
lhe hypotbcscs not tcslcd. 1 simple Il unfomiliar tasks. A number ol studics ha ve ccimp;u'cd 

JO) Oc.rcorifid""'' [114], (183), [2!6)-Pcoplc generally ascribe ·un:tidcd cxpen pcrlonnancc wilh simple quantilative niixlels· .. Cor 
more crcdibilily 10 data aban is wamnled and henec overestimalc jud&menl and dccisionmaking. such.· as lhose by Brchnict'.'Í~7J; 
the probabili1y oC succcss mercly <luc lo the prescnee or on Cohen [62), Dawcs 170), [71], Goldsmilh (132), Kleinmuot%' ond · 
abundancc of data. Thc grcatpr th: :unounl oC data, lhc more . Klcinmuntz (204], ond by severa! authors in Wallslcin's· rcccnt 
contidcnl :he person is in lb e accur .... .y or thc data. • dcfinilivé work conccrning cognilivc: pr=sscs in choiée and. 

~11 Rrdumlancy-Tbc more toollludancy in lhc dala, tlfc,moré · décisiorí behavior [396~ While thcrc is conlroversy 162L [263), 
conf,denee pcople olten ha ve in thar prcdictions, allhough this 1349), mc:isl 'studics ha ve shown Jhat .simple quantitalive modcls 
orcrcontidence is usually unwarianltd. · . . pcrlom1 beucr in human judgment ond dccisioamakiog ll1$ks. 

!:1) Rtfermct t.jfw [30), (383)-1\:ople nonmilly pcrccivc and including infonnation proccssing, than wholistic cxpcrt pc:rlor· 
e\·alualc stimuli in accordancc wiah tbcir prcscnl and pasl cxpc:ri· manee in similor la5ks. This would appc:ar to have major implico· 
ential lc\'d l\lr lhc stimuli. Thcy scnsc a relercnc-c leve! in tions and to sound majar eaveats lor such arcos· as·"cxpcrt 
aceordancc with post experiencc. TWs rcactions to. stimulil such forccasling." ibis caulion is strongly cmphasiu:d in thc works of 
3.1 o commcnt lrom an associate, :rrc interprctcd favorably or . Hogarlh nnd M:akrid:akis 1161], Makridakis and Whcclri&ht 1235). 
unfavorably in accordanc:c \\Íih OLC prcvious cxpcc'talioris nnd and Armstrong [14)-1 16). This is a caulion nolcd ió but'a lcw 118) 
c.,perienc<s. A rdcrcncc point. der. ... an opcraling poinl.in thc ot the contcmporol)' works on fon:casling and asscssmcnL· 
spoce of outcomcs. Changcs in pcrrtplions duc lo changes in the Tbcre are o number ol prcscriplions whicb might be given lo 
rdcrence point ore calkd· rcfcrcnc.·ellccts. Thesc changes may :- en•~>urage a\'oidancc-ol possible.cognitivc bia>CS and .to dcblás 
nol be ba.\Cd u pon propcr. slati>ticJly relevan! eompulalions. · thosc ah al C1o occur (96). [98), [161), 1 184), 1235~ (355), 1386~ Sorne 

~JI R<·grmion q¡,·.-rs I18J), (JRJ)-The large>l ob.crved \'Oiucs ~ suggcstions to avoid cognilive bias follow. · . . .. :.· 
o( ·Oh>CrYalion• are u.cd wi1hou1 rc¡res.sing towards the mean to· 1) Sample inlt>rmation lrom n broad dota base :uid. be· cspe-
consider the cll•-ct> ol noisy meosur<rncnti. In cflcet this ignbrc:s . ciolly earcful lo includc data bases which mi&hl cont:tio discon· : 
unccna.íntlcs. · _ .. · firrning informalion. · 

:!41 Rtpr<><lllllticrllm (3R2]. (31\l)- Whcn making inlcrcnc:c 2).1nclude somplc sizc. con!idencc intcrvols, and otber mea· 
from data too mud1 wciglll is &i•·co lo rcsuhs or snlall sampiCS: suic:s ol in lo ·mal ion \·alidity in addi1ion lo mean valuC:S: 
As sanopk sizc is incr<a>,·J, 1he rc;lliS ol small.sanoplcs urc token .. 3) l!neou:.gc use ol models and quanlilatil·c aids lo. improvc 
l•> he rcprcscnlatÍ\•c of lhe lart<r populotion. 1l1e "lows" of upon inforn.ation anaJysis lhrough propcr oggregaiÍOO of a\·quircd 
n:pr\!scntativcnc!-s diUcr ,;om.iJna.~ly from the bws o( proba-- ·information, . 
bilily and •·lolaaions of the coouu•,;tion rule P(A n B).;; P(A} · 4) Avoid rhe hindsi&ht bia1 by prodding ncccss lo infomJJtion· 
"" ohrn obscrvcd. al critica! p:sl time1. 

1 
' 
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51 Enrourogc dcci>ionm~ker> lo di>ainguish. good :~~~d bod·· 1hc ahcmalivcs, cvoluolion "' lh•"SC impacls, and :u..<odalcd prd. 
dcdsi<>ns lrom·gro.J and h~d ou1c11me> in c>rdcr lo "''oid v:irious er.·ncc inlormalion. O.:ci)im rules may be c.\plicil '" implicil in 
¡,,!1115 ol ~lcclive·pcrceplib•Í •uch as, lor ex:unplr, lhe illusion ol tcrnu ol 1hc woy in whid: thc)' .ore U'"-'<1 in thc d,'l.i•ion proc.'I.">S-. 
conuol. . · . . · .' · . · ·. We con as:.umc, withu..l loss o( gcncralily, thal cach·singlc. 

~) Encourasc rllecli~·o lc:>rning lrom rxperiencc. Énrouragc policy alicmative may rcp••"><nl o rompk-11 portiCllio "' indi\idual 
~' un.fer>aondin& ol 1hc dcci>ion silnation and mclnnds ond rulc:S ahcm•tive• nnd 1h•11bc ~:1 ol chokc ahcm•th"I.'S CMiains mutu· 

u..cd in praclicc lo prO<'CSS inlomlalitln and make ded>ions such · ally, exclusive componen~ This lonnuloti•'n c:m nl\\·nys,' be 
as to avoid ou1comc irrclcvanllcaming sysaems. . . accomplished but may rouh in a vcry l:>r&e sct or poli!:)' ahcm•· 

7) Use 11ruc1urcd lramework> bo>ed on logic•l rc•soning (2SS), tivcs sincc n individu.11 .• hemotivcs c:m be contbincd in lo 2• 
(l"/6) in ordcr 1o o~·oi~ conlu>il~g r~ciS and_ \·olucs and wishlul ~ssible pnrtlol~o• a( ahcm31i\·c~. F~ilu_rc to con•ider.a C<'rn.b!no· 
thinkins ond lo o»J<I m procc~""S mlormouon updole¡, · uon oC allemouvcs ntoy muh m Slgmficonl erron1 m dcCISIOR• 

8) D~lh qualilalivc ond quon1i1a1ire dOlo should b~ •'Olleelcd,· m:Wng unles> cach ol.ll..- indi,·idual ahcril;otiycs r~pn:.c"nls onc · 
ond all da lo •h~uld b.:. r.•gardeJ wilh "oppropriole" emphasi¡, eomponcnl oC o portlolio ol all possible rombinolions ol \ndi\i~· 
Nonc ol thc doto should be Ol'crwdghlcd or undcrwdghtcd in u•l.ahemolivcs, or unlcss thcindividual allcmaliws ar~ indcpcn·. 
;~c,;ord~ncc- wilh pcr)onal vicws, bclicfs. or values only. dcni -or mutua11y exclusive: · 

9) Pcoplc should he rcmindcd, lrom lime lo lime, conccminr. 11 is assumcd at thc inler¡)rclalion slcp ol the dccision pr~css' 
.. whal 1ype or ~itc ol >amplc Crom which dala are bcing golhcrcd, . thot rorrnulolion :~~~d analysis ha\'e bccn accompli~hcJ such lh31 

>O as ·¡o aroid lhc rcprescnlalivencss bias. therc .. cx.isls a dcdsion siluotion structural rnr>dcl :md thc .r,.,.ults · 
· 10) lnlormolion ~houiJ be prc><nlcd in severo! orderings so. as ol. cxC:rdsing !he modcl. Thus obj,"CIÍ\·eS. n:lcv:mt conslrainls, 
to" nvoid rccency _and prim••'Y orJcr cllecu, and the dala prescn· ·sorne bounds on the issuc, possible policy allemalivcs, impacls ol 
lation roni<XI and d01a salurolion bi=s. , policy ahemali\'CS, etc. MC assumed known. Thc choice oC :a. 

· Kohncmon and Tver>ky 1235) discuss· a syslcmie procedurc lo· decisión rule will dcpend, in largc measure. u pon thc dccision 
cnhancc dcbiasing or inlorma1iori proccssin& aclivitics. A defini· situation Slruclurol· modcl as reOcctcd in thc conlingency task 
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1h·e discussion or dcbiasing melhnds Cor hindsight and overronfi· ~slructurc.· We will discu». dyri:ltnic models lor conling<n•'Y task 
.dencc is prrscnled by Fischhollll85].lichlcnslein and Fischhorr sta:ucturcs in our ncxt scctioiL ·. . . · 
prcscnt a number oC hclplul guid~lines to assist in lr:IÍning for . The. above discussion •••l' appear n:prc:scnlalive primarily oC. 
calibralioo )217). Clearly more cflom along lhe&e lines are nccded. · thc judgmcnt and dccisio.t ¡iroccss associaled with lhe. formal , 
sw~cs to dclermine lhc exlcnl lo which.lc~ining feedback · opcralion~ thoughl mo;; ·1 Jhat wc ,will clnboral.e. upon in our 
acqu~rcd lhrough U>C ol mclhods such as SOCial JUdgment thcory. next ""cuoo. For purpu .•• or clanty or expoSJUOIL we ha\'C 
conlribules 1o debiasing would b~ especially rewardin&- Thls.is . ·prcscnled 011 oversimplifi·:J .,.¡..., ofbow decision rules are uS<:d 
esp<:eially lhc en>< sincc confidcnce in unaidcd judgn1cnt is lo nggrcgate inforrnalion .-.nd C\'oluate allernath·es. The 5Cqucncc 
!comed and main1aincjl1hrough feedback evcn when lh~rc is very we I!:ave describcd implic.. ci>mparison and evolualion ol nh~ma­
lilllc or no ju>~ilicotion lor lhls conlidence 1~4). Typically oul• tivcs·'only ~lter wc ha\'> Jirsl accomplislled Cannulalimi: :md 
comes which follow lrom dccisions bascd on negalivcjudgmcnls. nnalysis of ihe· is.ue' un·lcr ronsidcrntion. As u·c. hove ·nol~ .. 

. ' 1 

ore nol obscrvcd. RcinlorcemcniS of scll·lulfilling prophccy lype lhroughoul our discussion, dcd>ionmakers lypically c:omparc·lllld . 
ju~gmenls lhrough po>ili,·c outcome feedback only oecui' in spile .. evalunle nlicmalivcs while lhey nrc.in thc proecss ol dccisioo 
ol, ralhcr 1hon due to, jud¡;mcnt validily. · . situation· Corrnulalion ·anJ analysi¡, Thcsc parlilll. coinparisons : · . 

Rcscarch inlcgrolíng lhe melhods whcreby people inlrwtc or . and cvaluations lead to ocarches ror addi1ional policy ollcma· , . ; 
aurcgole inlormalion and auribule eou .. sl8)-(12),(142),ll43].- tives, addilioool anolysis, elc¡,.As v.-c.ha\'C also rioled, lhc cn1irc ~-·. 
11~6),(190),(199),1321), (364) wilh mclhods lor ll>e identificDiion decision proccss lypically O:.:urs in a. parallcl·simultané'l~:..C .. 
and amclioralion ol co¡;nilive.biascs would be ol inlcrest and ol .. ilcratiR Ca.<hion ralher lhllll ·an cxclusively scquenlial !>Críes. of-: · 
mucb polenlial use aho. '· ' . · · : . ·. .stcp~ in·whicb Corrnulation is lollowcd by nnalySis whjch.,_is_. 

In a scnsc, 1hc n·sulls ol this ¡cclion are dislurbing in lhatthey .lollowcd by inlctprelation. .. _. · ·,:·.:·;·;e.:; ·' 
tcnd to suppon 1he "inlelleclu~l cripple" hypolhc.sis or Slovic . lndividullls and dcdsion cnvironmcnts vary so grcntly thal ·: 

, {{142], p¡;. 14)·and imply 1ha1 hu1nans may "·ell be lillle .more' there.arc a grcal numbcr ól dcdsion·Nics thal will be nccded 10 ·. 
lhan maslcrs oC ahc an or scll deccp1ion. On the o1hcr ho,rd lherc descn'bc aclual dccision silualions. Schoemalu:r (31 S] is amoog a 
is strong cvidcnec thal humans óll'C vcry Slrongly molivo1cd lo numb•'l' ol :audiOJS (12U.' (255], .(364), (365]. (372) ,.·ho hove 

, . underslarid, lo cope 11i1h, ond lo improve lhemsch·cs ond thc ancmplcd clossifico1ion ,¡chcmcs ·lo allow ca1cgoriza1ion ol vari· 
rnvironmcnl in which they runction. Wlúlc 1herc :>re a numb~r ol .. ous descriptive dcdsion rule modcls. His. fim 1~1 ca1cgoriza1ion 
lundamcnaal limilalions lo syslcmic clforts to assisl in bcncrin&. _separ:ncs dccision rules inlo holistic nnd nonholistic calc&ori"'. 
the qunlily ol humon judgmenl, choice, and dccisions 1282); (307),, Jn· a holislic decision rule cach nlt~mntive or portrolio oC ahi:m•· 
ahm are al.o o numbcr o( desiroble oclivilics.(I6)..(30SJ.'I385J. tivcs is. evalu31ed ·and as:.igncd a vlllue ór ulilily. Arlcr all 1 
ThcS<: ·can assisl in incrcasing lhc rclcvancc ol systeinic ap- ahemotivcs have beco cvaluoled, lhcy are .comparcd and .alterna· · ; 
proachcs >uch as 1hosc which .rcsull in inlormDiion proecssing tive A is said lo be.prefcrrcd 10 ahcmalive B il ils C\'alualion•has 
odjuv:~~~IS Cor polky anolysis, Corecasling. plonning. and olher ·giveri k a grcnlcr utilily >uch lhol U( A)> U( 8). In nonholistic · 
;udgmcnt and ·do;<ision la>ks in whieh in(orrnolion acquisition, dccision Nlcs'indi\iduol ahemotivcs or ponfnlios o( ahemalives 

. · .. ~naiJsis, onJ in1crprc1a1ion ploy o nccdcd ond vilol role. are gencrally rompored ":'Íih one onoth.er In a ~quenliol elimina·· 
· · • tion·. proccss. This comparisori rnay be nr,ain•l sorne Slandard ·. 

IV. DH"ISIOS RuLES . ·pcross a· rcw ollribulcs v.ilhin ahci:nolh" pairo or acro .. alterna' • 
. · . . . . ','ti ves, ,.;,b illletn•livc ollribules bcin& comparcd onc al a· .time.: .. ·. 

ln ord;r lo sclecl ~n al1ema11~·~ pl~n or cour~ of DCIIon for · • . &eh o( 1ho:se calcgorie> npp<uJS 10 imply di..,¡;f,regotícin in lo 
uh•~.>lc unplemen1JI1on. 1hc d«"lo~mokcr. ·~~hes. one or mor;· componcniS ol 1he ·evenl ou1comcs likcly to Collow from .di:d· 
d~.·~~1.\IOO rulc:s. wluch c~ahl~ '~n~1ran)C,)n P':'onhz:IUC'In. and uh1· .sions. OUr 5C'Ction on -contingrncy ta)k strucaurc mOJctS -will 
m. Id):. scl<el1on .or a smgle pohcy ohcmal~l:d¡om ~mong • ~1 proposc a dynomic cvolving cognilh•e ••ylc n¡odd ,.·hielo· admiiS 
'l(. holee ah~rnJII\'C.'Ii. Th.: r.urposc or OJ d.:ClSIOR OIIC ·~ to Spcclfy of. cxpcn situation>tl undcr~t:mding th;~t in\'OJ .. ·c~ tf."tJ!o.{)nJ.ng. by 
thc .mo>l prdcrr.•'<~ ahcmall\'~ gcncrally Ir~~ .o par11o~ ?r 101al analogy •. inluiliv< Mfo:cl, and o1hcr lorms of nonwrbal:· almqst 
t•~lh.:nng, or pruJnw::lhOn of :~hc:r~aun:s. To uuh:zc ~ d~CISJon rule: unconscious pcrccplion. V..' e cl~o.-ct to ~;al! 1h.i!l. lyp..: nf rC:L-.oning · 
"-C' mu~~ ha\'C: ~ ~l!l of altC:~J.I~\'CS', 3 !!CI of ObJCCll\'CS lO be wholiMÍC am.J aúd a LhÜd calc:gory to 1hc cl~~~ifiL·:..tion M:hcmc o( 
>ll·ompll>locd hy 1he Jllernollv?: a knowledgc <¡f 1hc impacts ol Schocmalcor. 
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Con~oequcntly ,wc Cftl'liion thrcc Rnt !t:Ycl¡cncral catc¡oÁea pcrson hAIIdent!Rcd avollablc ahematlve eounea of actlon·And 

ol d~~hinn rulu: holiiliC, Jwurihtlc, and whotlatlc,,ln a ho/lst/c . thc po .. ibiH'OIUCQUCnCd of CACh llitcmatlve. The ratlonlli ~~¡son 
dcci>ion rule· therc ir an ancmpt 1~ cnnaidcr all upccll ol a . makes- a conslatcnt choice or altematlvc actlons In ordct to 
dcd•ion ailuotion In "''oluoting choio:s by mcaru ol disaurcga·. · m"'dntlzc thc c.,pcctcd ~cgrce ol aatlsfacllon usociatcd wllil 
tion ol •·ariou• choice components. In a hellrlstlr dccbinn rule,. .. attalnlng ldcntined ,obj•'Ciivcaand gollls. • . "; · 
ucuuled cnmplicatcd "''"'pariM>ns are not uscd. R.athcr, •im•·.·.' A numbcr ol clcmcnts are wumcd lo ex!JI In lbc rutlanlll. 
pli!icd ilppr11xhnatinru. In holi.tle dccl,lon rules ore uscd, In a :· aclo(\ml)(]cl: · ' · 
wholmlr d.ocislon·rulc •• t~c e~•nluu!i~n a~u choice ol ohcrnotlvc~ ls ·. . l) a seto! pollcy ahemallvea A; :, . · · ·, · · · ·. 
bai<Cd ~pon UhC o! ~rc1 In~~· C~pcn,cn~'l:: hnpclully INC cxperUSC, . 2) thc lct o( posslblc conscqucnca o! chulee Ot ru1urc IIGICI of 
11ith r .. pcc,t. to slnular dccl~lnn ••!uauona. The sclcctlon o! an 1 re or dcclslnn oulcomcs called s• : 
oh~mutll·c •• hn~ed "~'''" h1 rm~"·ed ar prcsumed worth 111 IL 3) na -~'lily runction U(1) lbal 11 dcn~cd ror all clemenll 1 
wholc nnd 11illtou1 dculilcd con~CIIIUM cnnsldcrntlon o! thc lndl· · a 1 ~~ . , 
1idunl ll>pCCII .Q~, cndt ahcrnativc, lt is pnssiblc lO dcnnc 1 4). rnln;mallon liS lO wlúcb OUICOmCS will oécut 11 ~-· ~-rilcuiot 
numbcr of dccL'I'n rules and cnt~gorizc thcm. Thc nrst lcvcl. . 1. ' _,1 ,, In A '· chA••n• and . · .'~-,: · 

· h d n cd · 11 1 ¡ A be . · po 1cy "' emauvc a .. - , .. "' .. · 
catC&O!"~S we QI'C C 1ft nrc Onl ntUIUD y ~XC US YC, . nunt t , 5) • 1 t' liS lO the probabillty' of OOCUffCftce :'of IIIIY 
ol dc.,slon .rules doubtl.-.sly cD1l be cntcg~nzcd In lo nlorc 1h1111 ·. · In o:ma IOn . · .... 
one or thcs.: lirlt•lcvcl d•·dslon cntcgnrics, Figure 4.11luslratcs 1 pnruculor oulc~mc 11 an oltem~tlve a e A ls choae11. P.(•) 
poosiblc inclubion structurc ror thc dcclslon ruiCSII'C will dcacribc: 11 thc probablllly thDII e S wlll occut tr 11 e A .ls e~~ 
he re. · · . . ' : Thcrc are a numbcr o! waysln wblch lite llldoins · wóclaled' whh 

F..•1•wrJ Utillry 17•ror;¡·: Our lirst dcclslon rule 1s bascd on · lhe rallonal actor.ntodcl may ba IIDicd.I!Acb 'slatcmeal oC thc 
upected utllily thcory and ls unuhtlcssly thc mo»l'lamlllar d"'· · · uloms allnws proor o! 1hc !acllhatciatdlnal utillty'lunctlons wlll' 
•Ion rule to cngln.-.:r .. 'nlia rule dcrivca lram a "ratlanal actor"1 ~xlst an~ be unlque· only up lo poslllvc linear transfomtnllons. 
dcci.ion mode_II3J,J4I.JH9J,JIOlJ, (121). 11.34),(169J,I192I, llll], Funher, thc e~·aluatlon or CX~Icd utHity allows chciiccmo.kln¡ 
PS6J,J?6SJ.(2HS], 13 U], [3S9J, (397] wlnch tS more lully dlscu~scd . and prioritization o! alterna ti~' In accoidancc 11,i1h·1he cxpcctcd · :. 
In S.ocuon.Vt . . 1 . . utllily or cach altematlvc. Thcrc are a numbct, o! lcxtbOok 

T11e runonnl ·actor modcl la n nnmuulvc modcl. Von .Neuntan accnunu ot cxpcctc~ utlllty theory 10 wbicb lhc lnl.crcsted readcr 
an~ ~h>rgcnHtcm. wlhl lntroou<-.:d thc n.\loms o! lhc mOlle! o! .· ot thia mie~~ may ¡'um ror altcinatlvc scls'ctl a.'lnms'and dc\llilc<i · 
rounnal mnn, stotcd thc purpn:.c o! thelr wnrk 111 · . ac~ount> ol thc uie of ·cxpcclcd utlllty, lhrory (51]; (163], ( 196), 

~· lind n>olhcmotkall>' •~m~ le le prlncipll'> "hlch' d~nnc "ratlnnal · (l~]. (lHSJ, [302).,13 U). Ma~Crimmon an•l Larson lntcm:latcc thc . , 
h<ha•l..,-.. ·• 0 "' .. r n>l•">l~r •••·h purtl•irunt,whlcb lcll blm hnw·'· ntujor a.dom sy»tcmí ln'"cxJ>CCt.cd utllity lh•'<ll)' [3]' In. a note· .. 
'" h~ha~·c In ·n· .,.,. >huotl '" whl ·h 01• )' "" :o:lv hl . ri - ll'nrthy <óntributlnn to undcthliutdln& or 1114 scvcralsy~tcms' lhnl 

,., ' ' " ' ' • ) • "'· lcad to (c~>entlnllylthc samc rc.uhs lor thc ratlonal nclor,mCidcl. 
Thc IJcn or rati~nnlity Pri&lnatcd In thc c<'(lnomlcs litcrature A .1•cry r~adablc lntraductllry tre¡juiicnl o! cxpcctcd \llllity th~ry, 

v.-h,·rc mi<rc..:~on••mic nt<'<ld• o! thc CCin>um.·r and thc timt , .rclatin& dc>criptii'C' p~y~hologlcal conccms 11illt normativo ,con• 
A>.,Unt<d •'011Ípktc intonnati<~n nnd ratlnnoli1~·. T1tc ratlo~nl pcr• ce m•, i• pn:>entcd byVIck [244~ . · · ··; :· .. : · · · '! · · 
wn 1> n"um~J to huvc ldcn11n~J a >el ol w~ll·dcnncd ClbJCCIII'CI . . T1tc rntll)nal actCir modcl ls ollcn aco:plcd u;·.o: nomtatll'C 
ond &""'' nnd 1> D»UJncd :o he ublc tn ;:,prc~a prcl.rcn~cs · model.ol how dcd•iollll •hnuld.bc madc, atlcnsl.lq'·a· súbstanth·c 
hctw•·•·n Jilf~rcnl >tate. ni ;~llolirs ac<'ording 111 thc dcgree o! , :or "u· ir' la>hinn. h la 11ftcn ob~o<:rvcd that thc,'·n~~cl Js no' 11it 
aoti>IJctil)n ol alluinins, thc>t· "bj,..;tll'c~ and &<•ab. A ratlonal · accuratc dc•cription o! clthcr. lite aub>tark:c or'·lbc, P.r(ll;•'lo5 11! 

· .:'-actual unaid,od chnio:mnkin& licha1ior. Somc o! 'th~sc ·e>bmw~ 
,; :' · • u>e cmpiri<al c1·ldcncc o! thc de~·iotion o! actual dccl•ionntakm 
;: rr<hnolo¡.kol o1· c•:onoHnlc ro~ion,¡llty woutJ ¡, 0 moro up~~~~riott trom cith~r AUh>tontll·c ratlnnallty or prncc>i rall~nllllty. Thc..c 

trr~• oh•cn·ati~ns are doubtlculy. corro:ct. Thc m lona! 'aclor· mCidcl ho. 
~~. . . . . ' .. . ...... ; . : ,, ' 



. ' . \ . 
ho,.·c-.·rr, ln•·aluabl~ '" ohnt it .can be nflcn ""''1 •• rrl;rcncc lór cumbcl'llC'me. Rcconl roacorch has lunnally acparul•'<l 1 ~w fue- . 
C'Clmpari>Cln o! actual bcha\'ior wioh Ideal "aiJcJ" nr n.ormufi\'c 11111 (33) nnd ~lll>""' much 1 n>ml..c Ir¡ enhuncln& unJ,·r•l .tJin& ol 
bcha\'inr. l'uuhcr, ít providc• a hcnchmor~ n~alnsl whlch 10 nuiluJc 1ownnb ri•k. In lhls oppronch lho Ulilill "····•~epi la .. 
compore •impli!icJ l«uri>lks. Our cl!om nnd di~u••inn&' in 1hi1 dcl'oid ol .riok. h lnkcs on • m~nnin& mon: likr 11 ••. : ·. ' '~'"''en• .. 
U"Ciion conrcrn primotil)' •uhSinnlive bchnl'ior nhh.nish "'C 1ionul micr..,.eonomica wlwrc h mca1un:a sltenglh • · . '•'.'!eren•..:. 
r"cogni~c 1hc srcnl dil!kuhy, in prac1ice, o! r.cpar31ing subSinncc l11r e<:rlrun nul•'<lntcl onlv. This rc•coreh (33)rould 1'' · 1 al•• addi·: 
!rom Pl"''<>l. linnal linkagcs nnd undcmnnding hclw.~n 1he cxr•·•·•~\l:'ulilily · 

Simnn ond lú> collcaguc• inltoduccd 1hc eollccpl or boundi:d · ond •ubjcclil·r cxpccl.cd uUiily roncepl• hy pro1iding lur lncnrpo-
ulinnalily nnd. dc•·clup•-d. a u1islicing mood lor individual rnlion ol risk a1-cnlon rllcc1• in o n:lall\'cly sln1plc wny. A rel~l•'ll> 
choiccmaling. 11 ic worlh nolin& 1ha1 boundcdly r~llonal oclol'l . approarh lo lncorpo1111ion. ol rl$k ovi:nlon .Ja dc..cribcd .by. 
are ba~ically r~1io~ol suhjCCI 1o conmoúnu on 1hc lom1ula1ion, Ho,.·ard and drcision llllol~~~~ al 1hc Slonlord Rc~~Carch ln61ilu.lc . 
onnlysis, and inlcr¡>rcl>lion of in!.>rrnalion, lllld 1hc suh•lilulion 111>4) "'ho hove hccn mpon•iblc foro numh~r ol m=\iM.applica:. 
ol achicvcmcnl ola laricl lcvcl ni rrlurn, oc.o•piralion ll'l'cl, lor llon studics In lhis orca. 1ñcn: hove ~n o nun!ber or r.clalcd i 

.. 

sr.lcclion of lhc bcsl ahcmo1ivc. T)'lllcruly pcoplc so1isricc by · apprc1achcs I6S). 166), 1.121) :~nd l~e suhJccb ol mk and un•..:r• ·: ·: 
a~aplivc adjuslmcnt 1121 ol n•piralh>ns such lhal, in rcpclili\·c 1run1y ore ol much conlemrMary mlcrcsii6].1136),]!S3].1304). , '"-'1 .. :¡. · 
dcci~ion •hualions. oplimizing bchavior i• approachrd ]270). . . A numbcr ol $ludies haw indicated 1ho1 lhc rclalutn ltclwccn . 

Thcrc ls ob.olulcly nolhing !Ji lhc formulaliun o!1hc ralionol subjeclive · and objeclivc pro>babilitlcs ls non linear and •ilualion · . ji 

aelor modcl whlch rcquiru idcnliricalion ol u/1 obj<·clives, · u/1 dependen!. llls usually indicalcd 1ha1 pcoplc ollcn underestimalc· 
pouible oltcmalivcs, u/1 pouiblc impac1s ol illlcmalives, ele. Thc . high prob:ibililics and ovcrcslimalc low oncs. Mon: rc.¡cnl re-. · 
rullonal ac1or modcl is pcrlcclly capablc of bcin& us.<:d 10 anow . seorch h'ns lndiea1ed 1hn1 lhis appcars truc only lor fa•·orohle · 
prioriliullon lllld sclcc1ion olthc bcsl rulcmalivc by cvalualin& .ou1comcs. Jusi 1he oppotiile oppcnra lruc whcn the ou1come is 
sorne impacll ·and · whh knowlcdge or sorne· objcclives, lrom unfovoruble.' 1ñi1 oppcora lo be o fonn or wishful Uúnking for 
among an lncornplelc "'· 11 in no scnse ncccn~rily rcqulrcs · low probohilily cvcniS .1111d "everylhln& bod happcns lo me" for 
compleleneiS In evcrylhing oitJ lhc mociolcd. complexlly lhDI. hlgh probobililles •. Whol wc ~11 coll subjrcllvc u1!U1~ 1hrory 
thls would rcquirc. Acluol dcd$ionmnking bchovior m~v no1, oucmpll lo Incorporal< shuolion drpcndenl nonlinc~~nlles thal· 
howcvcr, .cvcn bt: boundcdly ralional hui m ay emploY,~uch poor may cxlsl be1wcen •ubjccUvc lllld objeetive probubllitics. . , 
hcurislics as lo resullln inferior choiccmnking even 10 lhc exlenl . Multiallrib•lt Outronin: Oflen decision si1ua1ions ore. sufn· 
o! sclccling inferior choiccs lrom nmong lhnsc in o bounded scl. clcnlly eomplcx lhal il is diflicult lo ·cvoluale, in a. wholislic 

Thcre,havc bccn a numbcr of cxpcrimcnlal sludics ond lield fnshion, .lhe ulilily ol eacl:· oulcomc •. Oflen il is po1Sible 10 
Sludirs of lhe opproprialcnm of lhc expcclcd ulilily modcl ]3), disaggre&alc thc fcotures on which utilhy '(s based in lo a number 
(111), (117), (119], ( 115], (184)-( 1 86],(236],(336)-1341], (3K5)as a · o( componen u cnllcd nuributcs. An anribule ln:c ls o hicrarchical 

. dc$eriptive mood or sub•lanli\'C unoúdrd bchavior. Amons lhe slruclurr wliich, whcn qunnlified lhroush elitilalion or l'nlurs or.· 
· 111rvcys which commcnl upon lhc cxpcrimcnlal and licld nudics 1hc oulromd on 1hc lo\\'CJI k\'cl onribu1es lUid rela.t!ve ll'tighu ol 

: ore ]27J,I9R),]206), ]348),1372]. Sd~r.:maker ]liS) prol'idcs o vcry. lhe anribúlcs, con bt: uscd lo dclcrmine 1hc u1!1ily ol c-.·enl' 
'·'--" rcadable bricf survcy o( •eme of 1his lilcrolurc. While 1hc ev!· .. oulcomes. Thc I)'P•• or muhinnributc u1ilhy modcb uscd ha¡•e 

dence is mixcd, mnsl •ludies indicutc lhnl lhc cxpccled ulilily · 1'3ricd lrom vcry simple unil wci&hl linear modcls lo ra1hcr 
dccision rule simply docs nol funclion wcll in o Jcscrlptiut complcx muhiplicalivc rilodcb (106). Dawcs 1111 documcnts the 
substulllit>t sen!>C. · . . robusl bcauty ol linear modcli o( thc form · . :. : · : :. 

In lis simples! (onn lhc cxpcclcd utilily or ahcmnlive o¡ ls · . · . . .. · . :., : · ·. :. :·o'::: 
compulcd lrum . , .. .'. . , · · ' , . · . , U( 11 ) = }; hJu

1
(11), ·1 }; hJ ~ 1 ., :• .(2) · . 

· • -' , .. Ja 1 J•l ' :- .;· ··, ·:·. ·~·.r · 
E{ U( o,) l = J~l pf 1.io( a,) )U[•¡(o,)) (l) , whcrc l~c.rc orF o.uumcd lo be m olln'bule~ h

1 
lsthc wcight or the.' 

. Jlh ·anribute ;u~d 11,(11) lbc •·nlue scorc on the jlh o11ribu1e of . 
when: the s,(u,), J., 1,2, .. ~, n, ~rci lhe lloica ·whicb ~ay mull oulcomr 1,; In much of the work In thl• or'Ca ~eclslons under , 
from allemn1ive o, nnd· ~•·PI•,( o 11 ore thc nssqcialed pro~abill· ccrllllnly IIIC consldcred such thollhcn: ls o one to one corrc:spon· 
des. In 1be cxpcclcd ul'lily formulalioo lhc PI•,( o,))= P,(o¡) = dcncc belwce'n illlcma.llve o, 1111d oulcome s,. Undcr dccision• 

.P, are usumc. d 10 b.' '¡ obiccllvc probabilities And, ol courae, undcr,crrlalnly condilinns·wr cAn lell¡ = "• In (2). . . 
' . ·. Muhiollrlbule moocls ha~c bccn l'tl)' IU~¡¡;fully used lO I1. 1P, = l. Genernlly lhcsc probnbililies are nol ahcm.ulve lo· prcdicl ,lhc dcclsi.on bch:ivior In rield scll.l!'&l.·or mnny profes­

w.rianl ohhoush nolnlionally lhcy are somctlmcs wriucn DI !f slonal groups. Jiommond (140)-1142) und his collcagues havc, as 
•· thcy wcre !ndcpcridcnl ol allcmalivcs. The U(s,(<i,l] ore the discusscd In Seclion 111. dcvelopcd an opprOllch known iU !iOCinl· 

utilitlcs or valucs 1296). o( 1hc dccisionrnaker lor lhc varlous Jud¡nicnl 1hcory in wbich lhc "pollcy". or lhe drcislonm~cr,. · 
oulcomc stolcs. Johnson and Hu~rr (179) survcy a number ot cqui•·nlcnlln lhis circumslana: lo the "..:!ghts h

1
, or'C idenlilied · 

proccdun:s lhnl can be uscd lO clicll Ulillly lunelionl. MoSI of the . · lrom who bllc prloril!zalion ot d<'C!~Ion OUICOIIICIIbrouglfusc of 
lc~lbooks ciled 'carlicr also conlain disc:lisslon or ullllly os.scss- rcgrmlon onaly11s lcchniqucs. Word Edw~~rds Pnd hl~ cullclfgucs .. 
mcnl proo:dun:s. ·. .• 11.!!6),1301) ond cl..cwhcr~. clidl wclghll frum d,..:t~!onmakcn for · 

Suhju¡f~t E.rp•'<'ld U¡l/i(o': Of¡cn h occurs1ho1 nhjccllvc prob- 1hc moocl.ol (ll In o u•cfuJ· maightfoiWard J>rne<:dun: CA)Icd. 
obililics:uc, lor any ora voric1y ol rca>Ons, una•·ailahlr In a &l,·c.n •lmplc n1uhiplc anrihule ranl:in&' lcrhniqui: (SMART) ·lhnl'hiiS 
silualinn. Thc •uhj,•cli\·c cxpcclcd ulilily mo.lclls ohlaincd whcn >ten o numher of reali>lic upplkollnnS. Re•uhs ol lhc •urvcys o( . · 
~ubjcclivc prnbahililic> /( l',l are >Uhstilulcd lor lhe p1 in ( 1 ), Tite Arm>lrong ]14), (15); Fi~o~.ilcr [111], Slo1ic and Lichlcn>lein ]345), . 
/( p1 l ore scncrally clid1cd >udi 1hn1 !.;.,./( p,) == 1 nnd 1iO lhr SIOI'ic, · Fis.:hhof!, und Lkhle1mcin (348]; Shanlcau. (324], ·nnd 
>u\J;cclivc prohabililic• ~cha1·c in a wav con•i•lenl wilh lhe laws olhcrs lndicnlc 1ho1. aimple linear modcls (1>4) ore vf:ry pol~nl · 

. rrubabilily. 11tcrc are a numbcr o( <liscu;,ion• ··unccming . prcdiclorl ni rcliahlc judgmcnl,' e~pe•i•lly undcr condillon• ol 
,.roloabilily clidlalion IJI], 122J],.(lS7]; IJ5S] lhal prc>enl ap- m1ain1y in lhal onc can rcplicoiC'Ihc sut>Siantivc judgmcn(ol · 
propriatc pro•:cdurc• lo o:nablc Jclcrminalion ol •uhjcciÍI'C proba· dcci•ionmakcrs. TI1i1 i> du: o,o¡e c-.•cn lhnugh lhc ~impli: lincilr. 
hili11c• lrom inJil'idual> nnd r,roup•. Convcnlional appioa~he• 10 modcl may nnl do a vo:ry goad job or mo.lcling 1hc <lcci~lon 
rlicilalion ol utilily in """"'''" ulilily lhcory may conlound · ¡\rOC<:U. "Rool mnpping~ is the nnmc &ivcn lo lhc 'la>k o( 
•II<'O&Ih of prcfcmtCC fdl for :>llctnatlve C\'rnl OUI~Ontel ond •UhOiiiUiing o dcci>ion rule fue lhc dcd•innm.l~cr. TI1c '•IUdin in 
nniludc ln..•ar~ ri>L Abo tloo: clicitalion proc~durc can bccomc lhc cllcd rcfcrcnct• •how lhal lhc climinollun o( human judr.monl 
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error modc po»ible by boot >tropping cnoblc• it IP be •upcr!or lo . 
unaidcd human juJg.mcnt. One can C\'C'n mi~!<pcdfy \\;cights and 
ignore allrihutc 'dcponJcndc• ond >lill find thot wdr,hted linear 
~,nJcl> do quite 1.-cll 1111. 

dcaling \\itb problcms in the meon-variance mndcls cir P.,rtfolio 
thco¡y. Unfortunately as has hecn •hown by a numbcr or authors 

.1124], thc rc><llt> from using mcan-variance port!olio thco¡y are 
not necessorily consisten! with rC>ults nbtaincd frorn cxpccted 
utility thcol)'. For cxornplc, il the outcomes or decision a1 nre SIO 

· with probability 0.5 and S20 ~<ith probability 0.5 and thc out· 
come or dcci>ion a1 1~ SIO 1>ith probobility 1.0; then the EV rule 
(S'·.,= $15, o.1 =SS) (¡a.¡= SI O, o.1 ':' 0) is indeterminatc in 
thot 1hcre ís no pareto superior. or dominance altemative in ·an . 
EV sense, Yct any rensonable pc~Wn would prcfer altcmative a 1 
to altcmativc a1• :: • •· .· · · · ..... 

Fi•hhurn l.lll] h:u; considcrcd a variation or. !loe mcan-,vari:ince 
modcl which in,·olvcs concepts ba.'ed upon tar¡,ct leve! or rctum 
·or aspiraoion lc,·cl or rcf.:rcnce k"·cl to deftnc the. risk. of 1111 
alternative. Thc "risk" or altemative a is dctcrmined from the 
•probnbility of recciving a rctum not lo cxcecd x, dcnoted F(x), 
by . . . . . . ' 

'R(a)'= (,[r.,-x)"dF(x,>.= f .. <l-x)"p(x)tb:. ~·.· . . 

Thc faet that thc wei~htc<.l linear rule rnoy be S(l good is a 
.ather mixcd ble»ing. In circUin.lanees in .which therc is no 
rcq>Jircmcnt for kno~<·lcdge of thc undcrlyin~ dcd>ion .proc:c .. , 
thc sub>tanti\'c prcdictivc. ahility of thelinear odditi\'C rnodel rnoy 
makc it quite u>cful. Situation• ~ueh :u; cvaluating credit card 
applicant> c>r opplicJ.nl> for aJriti»ions to collcgcs are repctitivc 
ju<.lgmont ond dcci>ic:n situations which fil into this catcgol)'. Use· 
o( :iirnph: r~umal linear modcJ may wcll, in ~ituati005 !.UCh :U 

thc:e, leo<.! to o more cfficicnt U> well as more cllcctivc ond 
cquitoble >clcctinn prnce;s thari om· ba.,ed on unaidcd human 
intuiti<>n 171lJ.I71J, !Powes in Shwod<r 133211. In un•truetur~d or 
¡cmistruclurrll nonrcpctitivc dcci!>ion situatinns h is much 1css 
cleo.r that o dcci;ion nlle that is nol guaranteed to be faithful lo 
thc unJerlying de<¡bion proccss will·h.: nc>rl)' os valuoble os. one 
thot b in terms or cnobling dcdsionmakers lo rnake bcttcr 
ded•ion>. Fbchhort. Goitein, and Shipirol1191 provide a nu¡nbcr 
of rcrccptive comrnonts conccming this and thc conscqucrit nccd · whcre r is 'ihc larget retum," i.s a nonnegative· pararneter lhat i.s • 
for a thcory of errors to cxplicote thc cffc:cts of poor deeision used to indic:~te rdative imporlaru:e oC dcviations bclow. targcl 
situution structurol modeb and para meter> wi.thin the structure. rclurn. For o< a < 1 thc dcci.sionrn:!/ .'l'$ prima¡y concem is · 
A hopcd·for achievement is a sen:Sith·ity·ba.<ed nnalysis or dcvia· failure to tichievc the targct ~<ith liule.' egard io the siz.e of the 
lior.s from optimaliLy to determine, among other lhings; the role dcvintion. For a ;> 1 thc dccisionmakr' is ve¡y concemed .with 
ol ~xpcricnce in decisionmoking and thme cornponcnts and. siz.eable deviotions rrom targct and r~ •• tively unconcemed witb · 
principie• or d_cci>ionmaking which can be uscfully and meaning· .' srrutll dcviations. In the former = lhe dcci.sionrnáker .is risk 
fully learnod fr,,m cxpericncc 147], 194]-197], 11 15], ll'16J.. . • : .seeking ror los.scs nnd bns n utility function that is convex for 

Multiattribute utility modols bascd on thc expcetcd utility losscs. In thc latter case thc•decisionmnkcr is risk avcrse Cor losses 
theory of •·on Ncumanr and Mor&enstcm are considerably more and b'l! a utility funetioo lhat is concavc for losscs. · 
complcx thait ·thosc of l>chavioral Jecbio?;!hco¡y. Often thcrc are .In this modd thc mean rctum from an altcrnntive and its risk · 
elk.rts to determine cxistcncc of \'oriou¡¡ .~ttrihute lndci>cndcnce ·aré: 'ihc IWI> attributcs detcrmining prefere!'ce. ')'bis model thUJ 

1nditions such as·to validate use or alin!i¡u mo<lcl,é¡t:che form or áppcars mufh similar to the •tandord EV mbdel in that a1 >·a1 i.l. 
,) ora multiplicativo mo<lcl of the form · '"' ánd only .ir ¡1(a1) ;;.¡¡(a¡) and R(a1)..; R(a 1) with allcast one 

; ' ' 
1 

• inequalily· bcing va lid. In the cxarnple jusi considered, the. mean 
\ .. .._,. 

"' 
1 + 1/U(s.) = TI [1 + 11,1/~;(s,)], · 

~~· 
t h 1 = 1. {3) values are as given prC'iiously and thc risk$ are .. '. 
1"!1 

. The for<mo•t proponcnts of thb a::rroacf¡ are Kecncy and R:Uifa 
(196]. Therc are man); contrihutious to tpis arca Ílnd vari~tions of 
thc basic approach:P3], (29], 175], 193,(, ( 127], (231 ], (2771, [278], 
[300], [3011. [307]. 1358]. [3991. l• is proposed cxclusivdy as a • 
nomtativc c.pproaeh anJ has bccn succcssfully uscd foi:a ,vqricty 
or n.pplicntions ·including 'propos:~ evoluation (245], (310], silíng 
powcr plonts (197]; and b~d¡¡'eti"nt and planning [52]; [ 19!~ 

M~u11 Vurianc..-There are a numbcr 'of modc:U and associ· 
· ated dcci>ion rules bosed upon mcan-voriance (EV) m'odels. · 

Marko"itz's portfolio thco¡y, which is wcll >umrnariz.ed in;Libby 
and Fi•hburn (ll4] und Doran 126], ;. bascd. jn part oo the 
... ~umption of. quadratic utility runction 

o (4) 

whcre thc ~omc states ore nssumed in\'ariant ovcr all altematives 
sucl¡ that "'• hove a quodratic pr<•granuning problcm in prior!tiz­
ing ;¡ltcmali\'CS whcrc· 

• 
E(U(a,)} = ~ p;(a,)U(s)' 

Jml 

=a+ pr:[a,J + yF.(al) 

. ·=·a+ /1¡¡, +y( a,l + l'n. 
- ""mbs 165], (66]; 11 KS] has al so bccn conccmcd •ith portfolio 

\..__...; thco.ry onJ ..... umcs an optimum ri>k lc\'d in the fcorm or. •ingle 
pcol.:eJ ri>l.: prcfcrcncc function (or e\'Cr)' CXJX.'Cid \'aluc IC\'cl 
Gomhlcs of cquol cxpcctcd '·alue are juJ~cd on the ·.,a.<is of lowcr 

. ,.: ·ian<c in the Mark""'itz' port!nlio thcurv and o: the basls of 
.1' : i;lli''" from't>ptinnim ri>k ln·cl in Cooinns' ro "folio theo¡y, 
S\.~Cl!a>tic Jominoncc conccpt> (124] are c>po:ci;; ly ti.'l.'ful in 
.. 

R(a,) = O.S(r-10)", . 10..;1..;~,:.: 
. . ¡o, . . 

. . · · O.S(r- 10)". + 0.5(1 ~ 20)", 20 < i :· ... '!AL 
. -:-.\ 

R(a~)= { ~;- 10)", ~~-~ :? ; . . '~· .· : .. 
ThÚs wi: scc lhat· tite r!sk is the sorne, that is zcro. ir 1 ... 10 and so ' ' 
we prdcr·a,. The risk associaled wilb a1 is one half lhnl associ· 
nled with a..l'lr the targél rctum is belwcen $10 and $20,·Thc risk 
associatcd with u1 is lcss than thal associated. with o2 ir 1 ;.· 20 •. 
And so, sint:l!·¡¡(o1) > ¡a(o 1), wc prefera1 regardlcss or thc targcl 
.returo. Gcncrally, ns in this =• Fishbum's bclow-target modcl 
wm resolve arnbiguities associated with the standard · mellD­
variance model. The decisionmaker is free to spccify a · an.d. r, 1 

Thus this represen!~ a rothcr use fui dominance lypc dccision .rulC. · 
Extcnsions of.this rule lo the cose of rnultiattribute and multiple, 
objccti,•e prcferences would hove considerable value. 

· Subjtcriot UriliÍ)' Thtory•: A number of r.oearchers havc pro-. '· 
posed holistic decision rules bosed on the obscrvation that pea­
pie. in unaidcd situations, do oot typically pcrceive (objoctive) 
probobilitic~ such ·that' the fundanicnw· probobility pro¡icrty 
'E~. 1 p1 = 1 is satisficd. Thcrc prcsently cxists severa! :dccision 
situotion modcls boscd upon a subjcctivc utility t1!•o¡y iq ·which 
probobilities do nol sum to one. Arnong thcse are .certainty 

cquh·alencc·theo¡y duc to liando [ 144], subjectivcly. l''eishted 
utility theo¡y'duc to Kannorkar (1881,(189]; and prospcctthL'Ory 
duc lo T\·ersky and Kahm:mon 11841, (385~ Th•rc ha ve 'bccn 
I.Cvcral aJJitional studics in,·qlving prospcct thcory incluJing 
.lhose of Thalcr 1371], and llcrshcy ond Schocmakcr I1S21,JI531 
Srimc of tho fo.und~tions f(lr thcse subjcctivc utility thcoi)' cffort> 
can b~ founJ in thc carly work of Allais (3] who 11'» Jmong thc 

.. . , . 
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'"'' &o nole lhal.&hc normativo cxpcctcd utility approoch ol von 
Scumonn and Morgcn•tcrn, and lhc •uhjcc&ivc cxpcclcd ulilily 
nt~ldifocallom, did nol ncccuarily dc~>eribc aclual dcw:rip&ivc 
choice bch~\ÍOr. W.t bclit\'C lhol lhC.C SIUdicl are CS¡><.'CÍally. 
rctl.'\·anllo mlormallon.~ys&cm dc•ign and 10 1ummarizc relevan! 
lci&urcs lrom &bcW: cllws hcrc, · · · - . 

In ccrtainly cquh·alcru:c &hcory livc axloms are assumcd. W~· 
,.;u u.c &he 1er!l' pro>pcel or pro•pccl (I,"Í',)&o mcon &he oppor· 
ltlnil)' lo ob1am ou1come • \\Íth probability P. Simply slalcd, 
'l''.c are as lollows. . '•¡·l, . 

1) Prclcrcnccs are govcmcd only by iitnilics iÚ!d oulcontcs. 

< < .. 
. .. : . $p • 1 

o----'-'---:-'' 
(a) . (b) 

One i~ indi!lcrc~l bc&.wccn .a nonsi"!pl~ prosp~cl ond an 
acluanally Jd<nlltal SUJ!plc prosp"'t·~"'lh a smgle. evcnl 
node.··.- . · ~: .. · or .. 

2) Complcle ordcring ol prospccrs is1 póssible and transitivily p• 
ol prospecto cxi•IS. . · '/'. . /(P) "' p• + (l P)" .~9j .. · 

3) Conlinuily cxists •uch 1ha1 il (~ 1 • 1'1) > (s2, 1'2), > (s3,1'3) . - · '·". 
lhcn lh<re eximan" such lhal (s2,P.)-Jos ,l')+(s ' . . . · · ••• · · · · · 
_os,. 1',). . • · r' l l · l whcrc 0 <a ~ !• 1lus lrr.n~fomtalton or probabihliCS ~. s.uclo,'lh.l 

4) Jndepcndcnce cxists such tha& ¡r (s.,l',) _ (x.,I)Vj, then l:u:gc probabthtJcs are und.:r~tatcd 1111d srnall prob~~thltcs over· 
(!, {')- (l:x,, t) whcrc ! and p rcprcscot vectors or . ~latcd. ~armark:u: emi'h:.,tlcs th:tl 1~ .probabdtt~ wrtght• 
outcomcs.and probabililicu, and i',. . . · .an& runcllon·d~ nol rcp~•~nl. a probabili.ry pc~ttpuon phcn· 

5) Enbanccd pro•pcci.S are prderred ¡r and only Ir a bDSie omeno~ .~ul represen!~ •. uo:tS.m lhc way •.n wlúch (ObJ<clive) 
. prospccl ls prclcrred. Thus (Ps,, p

1
¡ > <P•z• p

2
¡vp;;:. OiC pr?b~~olu!es, are desc':'p¡¡• ··1~ tncorpor:tlcd tn!o thc cvalUllion, 

and only il (s
1
, P,) > (s

2
, p

2
¡. . · . . pn~OIIlallon, an~ .c~otceo. l:yt& process..lo Ibis model, W.• final 

· wetghlcd probabi!Utcs df '"m lo onc m acc:ord:tncc ,.,th the .. 
These axloms are •ufficicnl to insure that the subjectivc ulility . conventional subjccrivé •. •'Cied ulility theory. Howcver, rhe ·, 
funetion ol altcmalive a,, CE(a1) = CE[s(a1), P(a1)) :: uprcssion for any norr. <.ed w~:ight w[~(a)) ls actuo.lly a· 
U(!'• .f''), is linear in s1 and ol thc lorm . . · · runction or lhe value o! Fi :her'probabililics as.secn in {7). Tho 

• . · · · · crrccrs or lhis conroundin; • innucncc rcmain ro be im·csligiued. 
u(!'• ~').= ~ sJw( P,') = !!'r(.f")!'... :(S) . '!;be considerably me sophisticated .prospcel lhcory or 

¡al Tvcrsky an4 Knhneman 1 ·. ;~ [3RS), contains a number or mod· 
· '!, · ilicátions· lo'. ci<j>ccted uri· · ; thcory. Prospcct thcory coosisrs ·Qr 

Ax.ioms 1, 4, and S incorpo.ralc lhe mnjor changes lrom thc von an editin& phase in\·ohin ramin& ·or contingcnci~s. altemativ(,~' 
Ncumann-Morscnstcm nxioms. lt nppcars unduly reslrictivc to .· and outcomcs, _rollowcd : ..- an ~aluarion phasr: .These modf~". 
rcquire thal &he utility lunction·bc linear in lhc outcome and tlús subjeclive expec&ed ulilit· rheory sucb as lo enh:tnce ·~•taidcd 
ls reason enough lo warranl the dcvclopmcnt o! a more robusl descripli~e rcálism of &he · .ttory . · · 
thcory. •. . · . . 
. .Fishbum [125), howcvcr, has shown rbal ccrrainly cquivalencc 
lheory musl reduce lo lhc cxpcctcd \'alue model, U(s, P) = pr, 
Ij. 1w(~) = l. This occurs bccavse olthe rcquiremcni &hal oñ~ 
must be indi!lcrcnl bc&wecn a nonsimple prospecl and nn acruari· 
ally. equivalen! simple prospccL To insure. Ibis lor lhe two ÓUI· 
come case, !or lhe general acluarially equivalen! rwo outeome 

. prospccts o! Fig. S, rcquires lh'al w(P) + w(l.-1') = 1.3,This 
urtain&y mus! be vicwcd as anothcr limilalion or llú5 ccrtainty 
cquivalcncc lhcory nnd indicates thcconsidcrablc carc thal must 
be cxercisc:d in modilying rhc basie utilily thcory axloms. , 

Thc subjce&ivc weighted urili&y modd yidds lor the SWU or 
altcmative a, · · . . . 

SWU(a1) = ~ w[~(a,)]U[•¡(a,)] 
. . JQI ." 

• (6) 

· 1) In thc cdhing phas.. thc,dcclsloo silualiori ls m:n•l in!o a 
· number or simpler ,.;tu:ttions iri ordcr to makc thc:évatUá: '· 

lin'n lask .slmpler '"'· 1he choiccrnalccr. Thc ra•ks i•i: ocfiting. . 
are vcry much dependen! on the conlingrncy sil! "Ion ~L'o' 
h:tnd and ollcr pouibililii.'S ror coding, combining. .. <y<:gal·': '. 
ing, cancclling. and detection or domi01111ce. . · . 

2) Value r~~¡~ctions are dcvoid or. risk aniludc and a:" Uoiquc 
only up lo '¡iosilive ralio lr:tnsrormations. ~ .. 

3) Oureomcs ore cxpresscd .as posiliYc or negativo Cl.'\ialions 
rrom a r'crcrcncc tir nominal out!=OmC wlticb is ~' >isncd a 

. valuc or tero. Thus value ch~~n¡es represen! chan&··~·in.ásscl 
posilion. Posilivc and negarh•c V:tlucs are rrcarcd ,;;ucrently '· 
wilh lht lypical value !unclion being an S·~hapcd ;urve thal 

. is convcx bclow thc rcrcrcncc point 11nd concaw above iL 
_. Dilple:t>urc wilh loss is lypicall)t grcarcr thar. pleasure 
. usoeialcd \\ith &he sorne gain. . . · . · 

where the •ubjcctive weighted probabilitics are 

w[ P,(a)] = fl P,(a)] 

·... . . ·. :vr P,Ca>J 

>4) l"ro~ability weights 1\'[ P,la)) rcnc:ct ao' uriccnaiñ ourcome : . 
.. _ ' . "'ntribulion lO the anra~IÍ\'CncSS ora p~pccl As in SWU . 
(7) . ·. lhoory. high probabilitio an: underweightcd and low oncs· .. 

Ja 1 , 
' . • a; . ' 

Ahhough a vari~1y ol probobility ~cighting runclion; are ~5si· 
blc, Karmarkar (188).(189( propos.es use ola log normal runclion 

tn.( ~) = aln{¡ : 1') (8) 

:· . 
~ror lhc ~ oulcon~ <:~K" we "''''uld h~\·r I·:.1tt{f¡) ;::: 1 and wc s.cc lhill 

lht only &rncral " ( r,) Out "':i!l imurc' 1hiJ, is ""' 1') "' 1' 
' ' J J" 

; i·.OI'Ctweighltd. The foiiO\\Íng llfC amoitg lhc propo:rlic> or thc . 
• • · pr.>babiliry weighrin& runetion. · ., .. ·--· · · 
.'~::·.a) ·rruc al cllrcmcs MiO)= O, 10'(1) = 1 · ,e 
· · b) !:ubodditi1·e allow P, •·(al') > a10'(P),O <a 
. C)'•)verweighttd ror'small p, IO'(p)> p,p C 1 . 

d) .lnd~rweighted 19r lorgel', "'(1') < P, P >O 
c).!i•bcertain-•·(p) + 10·(1- p) < 1 : .... , 

.ll· :iJbproporrional 10'{ai')/10'(P) < w(afJP)/•·<ftPj O-.. 
_,:. -~~,fJ._<. l.·.. ... . ........ -... ~~ ··::~ . :_. ~-~~'~;',:\· ... ··. 

S) 1lr volue ora prospcct <!• fl = (11; 1'1) + (sl, PiJ'i$ 'g,Ívcn 
. by,' . .. . . . . . .: '·.··· . 

•>. l'(!,'é) = ••(•l) + .;.(1'1Xu(•1)- o(12)) CIO¡ 

¡, 

1 
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ror Slriclly posilivc pro.pccts in which P1 +J': = 1 and .. Thalcr (371) cxomincs a numbc:r nr lhe 1enc1s or pro•pcel. 
'• >,,>O, or miclly ncgalive pro•pccls in which P1 + . lh.:nry \\ilh gcncrally wry positivc cnnrirmint n:•ulu.. Addi1ional 
r, = 1 •••. < ., < o. . cnntmcnl• conccming lhc r.cminal proopccl lhcory arrear in 8 

b) "''·· r. ) = M'( r, )v(S,) + .. 1 r, )0(1,) (1 1) prcviou5,5UI"'-i:y in lhc."' lrarua<IÍOR.\ )3CJ.I) including lhc 00.01'1/ll-
lion lhal o numhcr oC 1he roulls ni pwspccl lheory. which ·are 

ror regular pn,.pccu whirh are prospcciS lhal ore nchher sccmingly ol vari:incc \\ilh opcclcd ulilily 1hcory, can he a,-rom­
slriclly pn>ilivc nor Mriclly ncgalivc in lhal cilhcr P, + r, mooaicd ·succci..\lully usin& mulliplc ouribulc. u1ili1y lhcory •. 
.. 1 and¡or ~(S,) and cC•:l are oC ópposilc sir,n:: ·.E.xlensions 0 ¡ prn>P"'CI·Ihcnry ·¡o include mulliplc allfihulc 

In no scn.c ¡5 pr.;,.pccl lhe~ry ·.,.;sed 115 0 nnrm~li\·c lhcory or prclúenccs, large number or oulroincs, sequential muilislagc 
hn~>· pcopk >hould makc dcci>iono.. Thc cdilin& or lraming ni .. dccisionmakin&. risk oYCrsion cnclficicnls. and subjcc1h·e p·roba· .. 
conlin~cncie>. all<'rn;uive ·acls, and. ouleomes is •imilar 10 lhe bilily ellccls woul.d do much lo enable Ibis •ignilkanl devclop:: 
(nrmulalion >tcp o! 1he S)'>lem> proce>S. 11 is in Ibis (orming mcni.IO be· Of e>'cn gn:alcr uscfuJneSS in r.plaining C<>mpleX·. 
pha.-c 1ha1 lhe contingcncy ta•k Mructun: nnd dccision ¡ilualion . pnsitivc or.Jtcscripti•·e dccision bc:havior •. Thh mighl welrbc: o(· 
moool are. in crr,-ct, C"rmed. For cumple, in a population oC onc . much normativo use as wcll : . · . ,. . ., .· .. 

,., million pcopl< "'hcrc black lung diseo.>c migltl kili two lhousand 
pcople, pos>iblc lorms are · · · · 1/eurlllk D«islon Rule1 · 

. .. 
... 

form 1-Alternalive a 1 will ~ave 500 people whcreas ¡¡ al1er- ·A number o( dccision. rules do nol irivolve comparlwns in· a­
native. a, is adoptcd 1hcre is a 0.25 probobilily oC 1rue liolislie rashion. Rolhcr lhey involve comparisons or one 
saving 2000 pcopk and a. 0.75 probabilily or _:POI ·: allcmativc 11oith anothi:r, gcncrally \\illún n n:slriclcd altemalive, 
saving anyonc. · sCI and allribule SCL Wilhin the heurislie clus of dccision rules 

form 2-Aitcrnalive a
1 

will rcsuh in· dcalh ·oC 1500 'pi:oplli ·wc may distinguish !hose which campan: ohcrnalivcs tigaioúl 
wherc.u allcrnaiÍ\'cu, will rcsult in o 0,25 probabilily . sorne slandard by m.cirins <i! conjunc~ :'• or dL',juneli~e compari· 
lhal no one will die anJ a 0.75 probabilily lhal 2000 sons,· !hose which óompnrc ollemali,cs across oltnbulcs; · and 
pcople will dic. · lhose !'hich ,makc cnmparisoris "i,thir ~~~ri~ules. Oe~érally, l~csc 

rules con n:suh, wben·.impropcrly appbcd, m lntronsouve chooccs · 
T11c"' 1wo lorms a.re. reolly lho sanie, yel 1)1any people \\ill · [289). We"will considcr severa! rules lrom eneh subc:alcgory; firsl 
inlcrpret them dillcrcntly. Thc ··diting or lorming phasc or plo-. · we will discuss 1wo non~mpensalory_ rules (90) 1ha1 are o!lcn 
speCI lheory aiJOWS differcnl i:ucrpreiOIÍOOS and lhU5 makcs ÍJsed whcn lhere is•an overabundnnce O( dnla prescnt. · . · .. 
pr(ll'ision lor dilkrcnl;voluation o( rc>ults in lernis oC olternative. . .. Disjoinctivt~A disjunctive dccislon rule is one in which. lbci 
!ormulations or thc sorne is.ue. . dc~iSionmaker idcnliries minimally acccplable val~e 5landim!s 

Prosp<Ct lhcory is c>pccially .:ble lo copc·wllh <trlalmy effecu . r0~ .. cach relcvaril auribulc. Ahcrnalivcs whieh pus lhe crilical 
in which pcople o,·crwcighl o:·tcomcs c()nsidered cerlain com;·. sla?dard ~ o.né or inor~.ollribule5 ar~: relaincd. A!lemative> 
_pared "ilh lhosc ~consipcrcd .. :'nly highly ·prub¡¡ble; reflwion . which Jall \bc:low the cnucal siDitdot'dJ on al! ounbulcs 'an: 

. tffrcis in which prclcrcnces a•: reverscd when lwo· posilively eliniinale~. A single allemativc is aa:eplcd ~hcn .lhc crilical 
valucd oulcomcs are rcplaccd by lwo ncgalively valued oulcomcs; . ·slanda~ds nn: scl such 1ha1 all bul onc allernauvc IDII lo cxet:éd · 
and lsolation •ffcm in which p:c>plc disrcgard common ou1come nny_or 1he crilical s1andords on ony allribulci. Unlike _mullial· 
componcnts sharcd by oulcouh·, and locus only on components .· 1·ri~uiC ulilily lhcory (MAU1) ruJcs,·whcn: poor performance ()n: 
lhal distingubh ollernalivcs. h:<·'lneman and T\'crsky have es1ab- one altribule.can bc: made up ·by gOod performance on c;>ljl~r. 
lisHcd an o.xiomotic b3.>is lor p·o>pccl 1hcory [184) lor lhe two a.uiib'ules.such lha!\"e.rule is compcrtsatory, a dir:jun~li'~ llcci:.. 
oulcome case. ' · · soon rule ts nonco¡n¡x:nsalory.,A compc11S41ory approJUmallon 1~._. 

In a rcccnt sruJy involvin,: prospccl lheo~, Hershey ond a disjun~tive decisi()n :niJe lor ·,uribulcs11Is · · , _-.;·, ;:';·,:~:: ; · 

;"~?~f:~:~~~~~:~~~E~:~~e~~~x~~~~ini~~~!:· . ~ ~ .. , ~,: -. ~· -~ ~. Í . { ... ·. ¡)·. · ·.: ~;·:.... . · . '(i~>"' 
speCIS. They in1roducc lour types oC reOcclivily depcn&ing upon · · · .. ·; ·:.':.· ' · · .'.'· , 1~1 1 1 +!! 11¡ ·.. ..,. · .. · 
whclhcrsubjccts choosc positiv•: prospccl (s,. 1'1) or lhe norúnle- ·. ·. · .. ·: •: ' .;' .:. . · C¡ · ;;· :. . ... 
rior prospcct (s,. P, ), and wheo:acr lhey choosc negalive prospccl · ·: · · · · .•· .. · · 1' ~ .' . . .. ·, ' : · . .: : · (. · : · .' 
( -s

1
, P

1
) or (-s,, r, ). Across-subjcel and wi1hin-subjcc1 .. neo- · whcn: nr' rcpn:smiS 1he numbc:r or alltíbulenlld e, 1s lhe cnucal' 

1ivily are e<illllincd in 1cnns "r whelher subjccls do or do nol valuc on lhe 11)! nuribule. Ir U 1s gn:ou:i thÍUI one, lhe allern.otivc, 
cboosc and do or do 1101. S\\ilcb lrom sn(e lO risky ·prospccts. in queslion is fCiained.f. . . · ' . ·. " · . ' .. : ·. 
Thcy concludc thal prcdielions oC prospcet thcory co~cerning . Conjuntti~-A conjunclivc dccisi.Ón. rule ls one In ·which . 
reOccli,·ity dcpcnd upon. lhe. sizc or probahilities. For p largo mirúmally ticccptablc volue &landa~ds lor coch n:levant ol\ribute 
cnough to in>urc undcrwcighling'ol probabililics, it appcars lhal are idenllficd. Allcmativcs are acccplllble if, .lhey c.t~ · oll 
thc rcOccth·ity hypothcsis is quite. valid. For smallcr volucs 0 ¡ P, minimul\1 :Siandards, They are n:jcclcdJC lhey lalllo cxcccd.,pny · 
rcnccri,ity is ncith<r prcdiclcd nor cxcludcd jrom !he rc~u!IS 0¡ mínimum slandord. The crilical values lor dlsjunctivc an~· con· j 
Jicr>hcv and S.:hocmakcr. · june1ive rules are generally diflen:nl. A compcrts:!lory nppfolÜm~· · ' 

In .:n11thcr sludy Herohey ond Schocmaker iUJ) examine 1ion lo 1he nonconlpcnsalory oo'liunelivc d<1iJion rule is ·.-.· ... · .:
1
--:-' 1 

prcfcrcn<eS for bosic ÍnSUIOOCC·ioss Jo lleneS and 6hOW .lhal risk . . ' . . ·.· ': .'. , .U. ·=" n• {. 1 .) ,· 
111 

. .._. J, . . ·.'·.'.·,•.· ..... •,_.:_•(··.·
1
''.
3

.:)• /. l!l 

t:tling is pr<vaknt in lhc domoin oC Jo>ses. They suucst a l!liliiy -
luncoion ..-hich is concovc for low losscs and convex (or larg· tr ·' . · 1• 1 1 + e, . . ' ·· · . ·¡ _,¡. ,, ' • ' ."r:. 

~~r~;u(;;;¿~!"l~~: 1~0 D ;:,~~~~:l <!~~r~"t,;~~~~r'·~~~::r~~~~~~ . ~n-oll·m· a·,·.,~·_;. -¡·01·n·~ if 1h~ .:_
1

'"-pond. ··,n·& utno·ly. ·uts·_;,_· .... ~.~-'~'L_; : •. · . 
1
11 

·cally rqui\·aknt gamhlin¡: lo~onulations. Thcir conclusiÓn .1ha1 " , .. w.. '"' , ~..... """ 
pr<'habilitio anJ <'Uicomcs ma~·Jie oC Jcss ¡uidancc in inOuen~in& lhrC>hold i.·hich is scl jusi sUghlly b.:l<>W l. Thcsc.,pproiilmaii..i!" i 
d~.·ó3oion bch:wior :1s · un..:cnai:1til!'s conc:crning thcir ·magnitud«: .for ·ahc. t_lisjun,tlvc :ind conjunclivc rules hc:come: nonro;npc;u:.~ 
·: ,crca.\>C. t.lr"ngth~n.\ conjcciUr .. '.i conccming tlu: i~10u¡:n-.~ C'lf con· : t_ory·ns·n; approachc5 i-:afiniay.:; . : · . · . :,.:;;:,.·.:.: .. t.· ·f 
,· "anJ pcrccptions oC dcci>io.t si1ua1ion slrucluralmodcls u~n · IJy·ilerating througlt lhe conjuncliYC accej>lancc and:,di':iu!!C'· ' 
\•<.:ision rcsult:;. · ~ • · _live n:jcclion rule severo! limes "ilh adjustoble erilical.~alues:~· ,¡ 

r• .. ·• 
~· 

• 
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INFOLOGICAL MOD~LS ANO INFORMATION USER VJEWS . . ' . . 
!;" 

80RJE l.ANGEFORS 
'l!'l•cnlry of SIOCtholm, Dcportmtot of Aclminist,..tivc, lnloiJIWioa l'loccninz, 

Foct, S.I04l Stockholm, S"'cdto ·· 

· (Rteri...t ll 1••••'1. 1979; lo ,.,.¡,.4 /Dml 1 J.,. 19791. 

AWriirt-Thc sluclr of data s~lems as information syste.ms rut lnto f~ t~ role of d?l~ as rCprtitnlo~li<lns u~ 
inform;&lion in lhe KR\ot' of kno\lo·Jcdec :at'IOuc sorne slicc of lhe .. ortd. This i_nform:~lton s)'\ltJnoovicw-or infoi\1¡:inl; 
vitw~nude if ckar lhat ihc d:at3 alonc c~nnot .. carry'" in_form:aHon. Thc-y.C""~n only~ at bt~. ~ve ri" _hJ informJÜ.._.;; 
in rhc minds ol proplc and only in lho\t people whohold a s.uit_ablc hamc-of~rdcrtncc or v.·orld \·iu,·. ~ 
.. rccciwin¡ strudurc"'. in theii mind. Thus thf · infolo¡:ic:.l pttsp_ccli..,c:had lO be ~idcncd SUCCtu,h·cly fr~,~- 4 '• 

conccra mcrcly. v.·ilh informaliuD rcprescn,Jalion. structurin¡. and uploil:alitJo to cht· s~udy of wcbl. ~Wl;­
psyCbolocicaland IOCio·line:ui)ticala,pctls añd of .. objtct syslem'', job_de\i¡n and othcr socio-technk¡J ¡,,ue,, 
... 1ñe 1crm ""uitr vicw" is tmJ'loycd widrly in reccnt dala b.ue •·ork. TbC u~oe or lhc term "uKr ~icw .. 'Uf&e'n 
sucb aa .. iafoloaical .. pcr~tivc. Howcvc_r, a clo~er loolr; al how lhe tcrm is acruaJiy U!.ed indicates a much mo~e 
dclimited inlerprculion whkh focusn on rrprcltntational upccts and procenina:. This. is alw made uplicit •. ~ 
lOme dctne. by the usliallormulation .. ustr view or lhe dall" ro~lher tha.n. for insbnce, "'u~otr view or tht •orkf'. 

In this papcr 1 brid llucl)' i.J madc or lhe IWO l\pC'Cll or uscr vicws. . . . .. . 
m thc üefoloticisJ/co•uplllDIIIIP«f. wbkh ¡t, conccmcd wiÍh ·,hovi Conccplion ~clalct lO data and informaiW!L 

and"to rc.alil)',and. . ·· · .; · .· · . · · 
(ijJ lile· "dlltalogital" .llSp<cl, which ¡, conccmcd "'ilh ·rhc 1<ltction ol ~lb lrom a data bast and !he 

· re.amn¡emcnt of thtm to suit a '"uscr vicw" of the data fa"s secn from thc applkatíon pro~mmtr). 
· 1'hc iafolotial aspect is Ulustratcd thr~u¡;h.a di5Cussioa of some of my own eulicr ruulll. •·hich are ht~c 
· brou¡hl toctthcr. Tkdai.l01ical asptel is utmplifitd by oomt quoutioos lro!ll lht most rc<ent. data ba!f 
. litcrouure, 11 wcD u by lOme e:arlitr ruults or iny OWD. . . . . . . 

''<'T, 

Thc lerm .. Uscr vft" is frcquenll)' uw:d in lhe dilaloJÍC'alscnsc uohercli lhe.infolo¡icaJ or infoimaliOrHY'-ICm­
thtorctical studits oftcn ha\'C addrcued qucslions that hnc lo do •·ith lhe infolo¡ical/conccpUUI as.pccU o( ~\CJ 
views"', without cmployin¡ lhal tcrm. In this Paper somc upccll. of lhc probl.:m of infolo~ical/conccpUW uWT 

YicWSIIC lfcalcd witb 1 vicw lO ¡ain ~ndcrs(and!n& of bOVIO both ISpct:ls o( Uscr vinfs :t.ffcct thc dcsi¡.n ¡I'Nf U)( of 
informatiOAs)'stcnis and data bawso~lllustntioni arc·ultn from thc author's o .. n urlicr \lo·orlri.. for lhrce ruwR\: 
(i) the:y wcrc mosl easily availablc, (Ü) thcy are dir«dY auociatcd uoilh lhc problcm al ~nd. and tüil lhcy ha\C 
carlicr beca scalttrcd ovcr scvcnJ works.and it was uwful. for lhe purpose o_f lbe prc5tnl discuuion.lo blin¡ thcm 
IOJClhcr. . 

INfORMA MN Sl'm:MS TIIF.ORY liS 11froRY1 \'$ 
· llUDCllCl~AL DATHROCE.'iSISC CONCinS as far back as Aristotlc, and also, more rccently, b)·. t.g. 

la tradilional data proccssing an information ítem is Russel, Wingenstein, · Carnap and Bar·Hillel. 11 too k 
usually assumed to be a number which is to appcar al a some time, however, before the>e ideas .. ere recognize4 

· c~rtain part of an application program. However, when as u>eful lo the' understaÍ1ding of data procu>ing •rs: 
taking oa to study lhe probtem of how to design data tems. Also; recent dcvclopment in cognitive p•hycholoiy 
~rocessin¡ from · anolher perspcctive,. as a function and psycho)iriguistics is providing new indghls in<o tiÍiÍ 
Within an information system IS (l..angtfors(l-3)1 it was · arca (Bar·Hille(4), Carnap(S~ Piagel(6]. Wlltg~~' 
found that ir is nccessary lo look closcr inlo how data stein(7], Bower and A!lderson(8], Lyons(9]). · 
~an providc information to peoplc and to organizations. · TJ:¡e persr)ective · ~f information systems theory a~ 
lt becomcs imnu:diattly obvious lhat if data are ..-hat are infology studies has been that to dcsign the righl dal• 
'processed by computen (or other means) thcn thc in- and data systems onc has to begin with the qutsti~.; 
!for"mation which pcoplc gtt from the data is something · aboÚt the iriformation or knowlcdgt thát the data iU~·-¡¿ · 
!distinct frof!l the data. Jf daia may aid pcople in making represen!. This means that the informario• content ot 'ti;.; 
'dccisions or ptrforming actions, this must mean .lhat the data in the syslem has ro be dtfined_ ami ~ .. cribed ;;; ; 
' data injorm reople in the· sense of making somethiná way that is inderendcnt of how the dala •re handlec ;u 
'known lo ·them. lt is clear then that the data must thc systcm. The information is de.cribed in terms ol ii>C 
' rcpresent ·somcthing that can also be· exprcmd by· views ol the world that the .· information u•er. hold: 

nat_ur41Jan&ua&e. Clta¡ly then, in this sen..._ wrinea lnlormation modelling, thus, is world mO<Ielling. ·O~ 
Oenic"ñcés. Of noluraJ Janguage (as. weJI as s~Jlén ·or. COolequcnce O( the data indcpcndent·da!a dt~cfÍp!Íon··¡~ . . ·~ 
rccorded sentences of any kindl are also data; lhat iS; _that the data systcm (files, dala ba,e, programsJ m;, y ~ 

. t~ey · aré. sct;-·;,r signs representing knowlcdgc or in- restructured without lhe nted for changes ol. thc m:, 
· fiirmatiOn. · formation •pccification. ·.: .. 
~(t b .interesting lo note the. pcrspcctive :idvanced Reccnt data. base work ·.¡,d •tructurcd~programming 

· ·abovr. i~ similar lo idta> lreated by philosophm allcast . work has \lre\<td tht imporlance of dC\cribing thc d.;; 
_,._.' . ·. . . . \ 
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11 8. 1 ONCif.RliS 

independenlly from lhe rcpre•enlalional del•il•. For in­
IIJ!nco in CoddllOf, il;. •lalod: 

"The relarion•l view (01 model) or data ..... provldcs. 
mean• of duéribing data wilh ils nalural slruclurc 
only-thal i•. withoul supcrimposin¡ any addiriunol . 
struclúre for machir.c rcprc•enlálion purpo .. s~, 

While lhl• picce of tcxt doc• 1101 •P.•k oli lhc in­
form•lion eonveyed by lhe dala, lhc refcrencq lo "ils 
n~tural uruclure" •ucghll a aomeWhal lnformallon· 
oliented pmpcclivc. llow.-er, lhe slarlin¡¡ poi¡Íl here is 
lhe dala and il> handlin¡¡ by sy•lems whereas lhe in· 
l~logicol ponpcclive ;, lhal or peoplc and lheir world. 
lndeed, lhe inlormalion 1pecificd m•y nol neceuarily 
come lo be handlcd by compuuirs al all. U seem1 lhallhe 
foeu' on dcsla-rather than on informalion-has •ame 
con¡cquencc•. Thus some of lhe ba1ic conccpls of lhc 
relalional dala base lheory. such •• norm.,lizalion and 
juin operation,, are in fact b~!!ed on 11.rgurru:nts that are 
concerned wilh huw lhe dala are viewed •• being slored 
and proceued by lhc sy•lem, in spile of lhc exprcued 
inlenlion lo consider lhe "llllloro&J 11ruclure only". 
Likcv.-iie, fecent dMta bit.\C 'A'Ork oh "U!.cr vicws" turn 
ouUo be m•inly concerned with views on how lhe dala 
are arranged for proccliin¡, 81 we shall see. Al lO lhe 
penpective• of 11rue1ured programming we may quole 
from Jackson(23): 

"The problem cnvironmenl ls lhe real world ... Thc 
cu1lomer file ¡, a model, inlelligible lo lhe compulcr, of 
lhe 11e1 of CU!IIomen;...... · 

Thi1 lÜl also au~esls an informalional (or.lnfological) 
pcllpCClÍYe bul, 00 !he Olher hand, lhe phrase "in• 
lclligible lo lhe compuler" indicares lhal lhe lhoughls 
quickly louch upon lhe proce,.ing of the dala repre1cnl• 
in¡ thc informalion. A1 we shall sce-allo in lhis work­
lhe view o( lh< dala and lhcir Jlruclure l1 1imilar lo lhe 
"u!er vicw or the dala .. as diw:umd in lhe dala base 
works. 

Thc ínlcnlion behind lhi• p~pcr ls lo propose lhe 
"·iJening o( !he conceplions ol "u'"r views o( dala" .and 
lhe "n3lul'l lliUclure ol lhc dala" lhal may be oblained 
by mer¡dng rhesc conceplions wilh infological conceP' 
lions o( inlormalion slruclure and lhe prc·knowlcdgc o( 
lhe variou1 Ínlcnded usen. 

We •hall see thal "user vicws" are nol merely oC 
imporlancc lo lhe way data are lo be organized in lhe 
llore. They are crucial lo lhe possibilily Cor lhe usen lo 
inlerprele lhc dala. Thus, nol only musl lhe dala be 
arrangcd and ordcred lo allow cflicienl processin¡¡ o( lhe 
dala, accorJin~ lo oome view, ·Th• dala lhem1clves will 
nced lo be chan1ed in order to represen! !he samc 
inform~tiun lo U>cn wilh a diffcrcnl \·iew. Moreovcr, 
1ome pcuplcmay havc 1uch a view lhal lhey ~re quile 
uru.ble lo hoiJ any in(ormalion whalevcr d•la ene mi¡:hl . 
lry 10 U>C. Thi1, o( cour>C, is crilical; il is a lhreallo lhe 
~ery mumplion of largc IS orlargc, shaicd data bases. 

limlt iASlC NOI.OCIC .U. CDNCI7l'S A.'D TWts 

The ha•k conccpls or models uf inlormalion syslems 
l~cor)' anJ infnlugy art inlim~ltly iuocialcl! with 
,.~ni,,ntk.ll 4U~',IIllm o.nd U\Cr vicw~. Thu~. hth11c di11· 

CÜni~ SOrne ISpcCII of Ínfo'im:tl;on U\Cr vicw' --.e fC• 

view some ol lhc>c basic conccpts. -

· Parrkular tonlut ofa •Úiglt dala ltnn ':, : 
"l.el'•'lurn back lo lhe qucslion of.how an elcmcnlary 

dlta ítem, 5uth as a number, can rcprucnl inrorm;ation. 
h ¡, clcarlhallhe lradilional·vicw,lhallhe trcalmcnl ol 
lhe dala ilem by a. cerlaia pro¡:r•m delerminn .lhc ln·­
lorm•lion, connol providelhe full answtr."lt wtain dala 
llor Ín\lonce a certain prinlcd senlence) ar· lo ICPIC>•lll 
•omc knowledge o( lhc "·orld, lhis mus! be achie.cd 
lhrough relercnce lo phenomena in lhe wurld anJ 11411 
mcrely lhrough ils rclalion lo any spccific compulct 
program. Thus, given.a dala ítem or lerm. lor in>t•ncc · 
!he numberl7, how can~ inlorm ahoullhe world7 

f,.o lind1 of informalÍonal qucslions arhe in COD• 
nctlion wilh any individual dala lerm: 

CAl Whal olher dala lcrms are nceded in ordcr lo 
combine wilh lhc particular lcrm so lhat togcthcr lllcr 
may pruvidc inlorm~lioo7 
· (8) llow may onc relricve any spccific lerm as storcd 

in a .dála sy>lcm? (Relricval may be rcquc,led bt v.,ious. 
applicalion program1 or by ·various "'"" al compUicr 
,!Í:rminals.) (l.angclon(l-3)). 

,. In ordcr lo di.cuu lhe lwo queslÍOOi pre>enled abave 
we will inlroduce somc lerminology. We >hall say llw 1 
group of dala which Íl ncCCISary anJ •uflicicnt for thC 
rolrievaJ Of 1 lpcdfic lcrm "l" is a "rtiiÍtr~/ fÍIIU.~ 
minant" (or key) lor .,. •nd a croup or d.t ... ·hicb•ia 
necessary and sullicienl· in ordcr lo supplcmcnl "t" iD 
provide informalion is an "/nfoimarion ¿,.,,nninonl~;,; 

· J~dtltnninanl lar .. 1". · . ,. r. 
fl is secn lhal lOme kind of dependcncy mUil ui•l 

bctween a dilla lerm an·d Íls rclrievaJ delcrm;nant .. na~ 
likewi•e, a depcndcncy mus! cxisl belweco the term .r.d 
its i.<fet<rminanL 

Furrhermore, wc may conclude lhal lhc oourccs o1 
lhe'" dcpcndcncie1 belwecn lhc dala are dcpcndencic' 
bclwcen lhe phcnomcna lhal lhe dala rcler to. The.t 
depcndcncies give rise lo corrnpondin¡ mal~<m>tic~ 
depcndencics among lhe dala (as such dcpcriJcncicl as~ 
sludied in recen! dala base work). •. -· _. · ! 

l.el u• considcr a ipccific dala !crin, •uch u lhc 
number 17 or, more precisely, .lhe prinled •b· ''17", 
Whal docs illcll us? ll is nalurallo say lhal, •• .r.nJ;,, 
alonc, il do<1 nol convey any inlormalion. On th< ou,;;: 
hand Íl doc• have meaning in lhe sen .. or rcfthÍfll; tu. 
conccpl, lhe conecpl or a numbcr. Thu1, ~·1 ••<m '" 
requirc s0me1hing more !han mcaning (in Hnc ~:rise) 
from a picce of inlormalion. Now, lct us ai1ume 1ha1 ... i 
are lold lhal !he lerm "17" b o quantily ou bond ia i 
llore. This anachi1 some more spccific mcaning to ¡lk,.·­
lerm. Accordingly if lhe dala lcrm "IT' ¡, iupplcmentco! 
wilh lhe dalo l.crm "Quanlily-on·Hand, 17" .Omc mosc 
preci'" 1pecificalion o( mcaning is conveyed. Dul >lill wc · 
do nol ohlain inlormalion. Jn,lead, if wc ·are prc.enled 
IOÍlh lhc >tnlentc :'The quanlily Ín SlOIC o( alliclcs O(.' 

l)pc A i• 17.pieces" .,. fecl ha•·in¡: lx-cn.informcd. Wc 
mi&hl &Jnn ... 11ome · condU!t.Íun\ frum .. u~ h 1 ,l,tlement, · 
p10vidtd wc pcrcci• e "hal il will ¡,.,, liLe in rhe ,;..;k· 
h-.•m ur hovr. ~e m1rhr pro~.:~nf if ~· r 'ol.uuiJ .. _.ui; h.l·. 

· .. · 
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ocrily lht &enlence. Thus 11 add& lo our rltw oJf IAt huch as NJT'I In ordcr lo rrrr<•<nl • ric" ~r m· 
'" o1>rld. 11 •ccm& lhen lhal a lnl•lrinJ!, 1hu1 a ~roup ol lormalion. wc havc lo idtnlily (al 1<:"11 and<nl<nl.lll' 

dal•ltrm•. in ordcr 10 éanvcy lnlormallc>n nol only mu'l : ••nlrncc ol nalural bll¡!ll:l¡:c, conlainin~ lh' ~¡,en ltrm 
ha•< nacanin¡:. il mu•l hnc·a lrulh.•aluc al•~lt musl lhl7"), Howevcr, .lhi> ,.·ould rc~uirr •• lo h.l\t lht 
,1alt • lo<l and would he ICJ:J!dtd aslal.cll conlr•dit• conapuler handlinJ, and inlcrprclin~. n:alur:al '·'"''"·'~' 

·'·lrd by real bcll. ·Mor< gcncrally, h .1huuld rrucnl Iuis. Thls was clrarty lnirraclicjt in 19/.t> and il •1•11 ;,, 
Lnowlcd~e ul • syslcmllale. · For in•lancc, .fl.liUr.d lan,ua~e ls hi¡:hl)' am~i~"''"'· 

11 ap¡•car. now lhar rhc quc1tlon whtlhcnomc dala . Con•cqurnlly. lo sluJy dala onc nrrd• lo hal'< •••me 
,,~ln•·ry.informarlon ¡, cilhcr relaled lo lormal l~glc or · .. formal dar• modcls and lnformarion mnJtl• la•r •. .,.,. 

"':.·o~•ks a~ul 1 vicw ol lhc ,.·orld. Furlhtrmnrc,' in ~~~ic · .. o;ar.c. and e-record• flon,.ro.,flJI. o., .... ,, ol lhc da••• 
·•'rhclc ls sómclime& rnade a dl•rincdon. bel.wcrn ·a · rclari,•n•hip t-cr;.·ccn t-mc"ac<~ and r!,m<nl.ll)' rr<'­
·.•Jrr/arotlt·t llllltnrt (which ¡, lnlendcd.lo slulc.l fucl) · po•ilions as wcll o&llclwrcn <-r«•"d' "J ri<mcnlary 
"•nd 1hc prupo1iliun. which is lormulalrd or rcprcmilcd. '·scnlcncct, one could.lum lo furouJI J,,~;. lor hctr. Thi• 
'by lhc •enlence. Thc propo•lliun is "lhe co¡nltlve 'con• would nccd some nulion. lhou~h. t.:rau"' Íl ""' l••und 
.. 1rn1'' ol lhc &enlcne< and "lho lhouchl ol o lacl" which' nrcc"ary· nol lo be IC\Iriclcd,.alrcaJy by dcfiniliun; lo 

... mar or may nol prcvall. h ls clo11r, now. lhul lhc pro- lu¡.i<ol e·rric,.nge& (propo•liionsl only. Al•o. t.:cau,, il is 
~.poshlon (In lhc loelcal ... ,. o! abo•clls ihc /nformot/:Ín ncr .. >aiy lo handle inlormaliun uhoul inf.>ron.•li•>n •e 
•.fa bt tOOPt)'tJ by lhc O<nlcncc and lhc ocnlcnce 1& a · rannut' acccpl lO be loc~cd in wlihin lhc ~ounJ• O( faril 
·•'llfOUp ol d•ra uscd ro rcpre~rnl.thal lilfonnalion !lhc ordrr formol prcdlculc .cnkulu• ond h<rau•c. lhe lime 
,:·.proposldon). llowcvcr, cvon lf. 1 propoailion i• a dimcnsion · is al so significonl lo on IS lhis is •na>lh<r 
.. ;,paradigm .... ol an informallon unil, 81 we round. 11 reason for "''"' 1 •·idcr lramc lhan lradilronal. lormal 
,¡ínay no1 be lhc only kind.' Concclveably, dara mighl be losic.ln \pile ollhls. we may ollen find lhal furmall~gic 
·,:uw:d 10 rcprcscnl lnlormalion lhalls nol of lhe clcar-cu1· can usefully be émploycd in ~ruany apeclal me• . 
. :lo¡i<:al kind ola propo•irion. A vlew of lhc woild muy be · 
:· •omelhing cJ;c !han D proposliaon, Thls WC do nol pUI\UC 

u hcrc; wc only wanr 10 mokc lht declaralion lhal Unlil 
·;,)urlhcr sludy has !Icen done on Ibis luuc, tu will "" rhe 
_, coneepl of lo¡lnl proposilions mercly 11 lhe simpiCII 
;e~••' ol inlormalion unil,_¡,ul nol nccmatily lhc only 
:~r<">iblc lypc (l.anadun(l, 3]). Fotlhi• rca•on Íhe lcrm 
~~meuage" (more rcc.nrly 1-mcuagc) for a piccc ol 
)nformallon or knowleJge w~• choscn. Jhe lerm "prO. 
:.>o· .. ilion" was &ccn u:. a \pecial ca1c: ot an "1-inessagei·. 
. Clnrly, lhe qu .. lion ol w.hal b a plecc ol lnform•lion 
would ha•c becn a lol usicr 11 ono slmplified onc&Cif lo· 

·i••• a ~propo1i1ion". Then. •imply, il would havc becn 
,po>Oiblo lo rcfcr lo lulbook& In logic. Uul imporlanl 
·pr•clicaliS dc•i¡n qunliona lall ouhidc ••eh a narrow 
·tramcwork 10 wo h•vc lo be more general, for praelical 
.~••oM. Pcrhaps .il would be beucr lo u .. lhc lcrm 
,~ptopo•illun" lnslriad ol "mc .. ucc" 'hui rhcn .wilh :~ 
'iumcwhal acnerulizcd mcanin¡. Bcllcr >lill, pcrhapa. wc 
could use Ni-proposilloo" lo indlcalo lhi• gcncralizallon. 

. ' 

Eltmtnlor, Únltntti ot t•rttG;d, 
Ddorc. procreding lcl's loo.k bl 10me allrrnali~e un· 

lcnccs forrnulalin{lhc same •·mella~• .s lhr Hnlcncc 
proposcd ·u a p. IS. 2nd column. TIIis should m.al.c u dtar' 
lhal Lome lorm•l modcllina is nrcdcd. 

(1) "Thcre rcmain 17 piecn of artide lype A for dil· 
posaiN · 
(2) '.'01 artldc A lhcrc are 17 pirces on h•nd" 
(3) "\Ve are no,.. lcll wilh 17 picm" · 

Wc nolice lhallhcsrnlcncc (]) clearly pruupp<htl 1ome 
pGtlitu/ar conlcxi' (in addilion lo lhe "¡¡cncral cuniUI" 

.or"lramt-ol·refercncc" lhal ¡, wwayl neccuaryl. 
·From formal lo¡dc Ónc may be led lo lhc lormaJ 

scnlcnce, or formula¡ · · 

. (4) "Qty-on-Hand lA. 11)• 

JIItmrntor, Mormtit/on MniiN·mll~agll ·., . · 1 . . 
·. A mcun¡e, likc a propo1lllon, may be a composhlon · In (4) .. Qtyo(Jn·Hand 11 auumcd 10 be lhc ptcdicalc 
~~ olhcr mcsu¡cs. Anda vlcw rilay be a compoaillon. ol "qu~nlhy-on·hand ol a 1pcciftcd aniclo. lype". Such 
ylewL A meuu¡c (or a propo1ilion) whlch c.annol' be formulallons u J41. do nol appcar convcnicnl enou¡h for 
~ccomposcd inlo scveral mmasc• ls tclcrred lo u an lhe ~cncral lnlormalion sysrcm u.cr, In addilion lhc U\C 

-~ •.lemenlary meuaac (,.mm•gt) (or an tlcmcnlary pro- ol free ··•.UbiCI ~nd quanlificl'l ol pr.edir •le logic •ppCllt 
~·ilion;-or . Nc·propo•ilion"-rcspceli•cly). : Co~· unncceuarily complcx l~r. many dal.\ .:"i~n .'ilu•lion¡ 

. !<tpondlll¡¡ly a dala uroup (>uch as a scnlcncc) may (lhough lhcy 11e somC11mt1 hard lo ·•·o1d¡. Allo, 1 
. ; • •.cprcttnt a· compound mmasc In whlch me il rnay be · llimd abovc, il im nol· leil.lo be ..• ~i:cplablc lo be . 

. ~cconrpo•ed .lnlo tltmtnl0'1 llnltnrtl (e•\Cnleni:es) or 'lol>!ly con.lralncd lo lhe ... of .. prcditolelo¡¡ic. Hcnco. 
:~·rrcords:·. An e-record 'Or' an•<e:,en'lcriic •'l~1°'iliílii formal· lo~ic wu rarhcr icen .. ju;l.u a •oúrce .oJ sus· 
r~prclOnlin¡¡ :•an · e·mmogcl.fáccairdln¡ '-ioksomc\'iyi\!. se•lions· !or A seneral lnlormalion modcl. h ~id .nol 
l~a/lltmanrin).,Obvlou•ly•on'c-mc~sage'i>'l'Jrr;dii~lh/1'' apj,car .. lo be.lmiblc whhoul wine modiftcblion and 
i!1_1hc.r.en~c.detcribtd.aboVc.:~ ·e t:P "J.!~~:_m:di·{c_,:-~::n~~ · ~iiiCrid~'cftl'tUflj;firOr'~(l). 11 ¡, w·l;;,h· nol~iliG.": ;Un1

~ta. 
-~n.Wc¡ ore. now .. ln ·u ;p!J,hiunf\l.·hcn:~wc·- cOÚid '\IIY ·th:lt'-10 morr. iiiilílíhé Ú\'G; 0{ lt~c: rOmmo·n 'rn'r-nl1 ~f prrJict&lc ló~ic 
firjal.lht i-J•Icrrninunl,'thJiii,;lo dclrrmincllic·:iddiriilnai slalcmenc.'a~ in(~¡' calls lur o pankul.r •rni.~'j,(m•n· 
~~.!~·,_tC,~m~·:l"'t•kJ ,,¡,· .1hc. ''uPrl,trllrniJOfi.an~l ~i\.cnr:lci;r; ti\·\•fi~ ..... -,íPiion ·flíl;;_,\.·h' (rl,Ji .. IJy.;l pr~J •.. ;~·.~ · ·: ·. ; . 

. :l)rl 
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Tht structuu of t~mtuagts 
Ba,ed on .r~umcnl< like !hose above il was concluded 

(Lan¡:efors 11. 3)) rhal an e·me<suge, howevcr olherwisc 
formulaled mU>I makt kno•'n, Ont way 01 lhe Olher: · 

fa) Whal object or enlily ir ¡, inlended lo inform about 
flhe "Subjccl" o( !he e-mes.age) 

(b) Whal il makcs known aboul lhal enlity, lhe 
characterisricum parl (or property par!) of lhc c-mcssage 

te) A time during which lhc Subjecl hoiJs the charae­
tc•ir.tic 

ldJ Because lhe above Slalcs lhe mínimum conrenl of a· 
mc~'age il is imPonaól aho lo assi.:n a namc (idenlifier) 
to each e·me>Sage lso thal olhc( mes.ages may be pro­
vided .. -hich add informalion aboul lhis message~ 

11 is importan! lo rccognize lhal how thc aspccls (a),.Íb), · 
te J. Id) are made known is lefl lolally open. Thus any 
e·rpessag~ may be srn¡crured in many ways as long "' 
the lhree basic references (Subject Rt/trtnet, Charat• 
ttnsticum Reftrenc<. and 1imt Rt/trtnct) · are 
.,iablish~d. A group of dala that may be· u sed lo m.akc 
known thc e·mes.sa,Ce is. an t·rtcord or an t·stnltnct.. 
Obviouily many ditferenl c·scnlences may be used lo 
represen! an e-meHage. Rtmark: The individual dala 
torms 'or ilems. lhat make up an é-record may be put in 
disrinct placesin thc "physical data slructure". When we 
~·anl lo remind on lhis faCI lhe lerm ."e-enl_ry" may be 
u<ed; ralher than "e-record"\ (borrowing "entry" form 
CODASYL). ' . 
' lf one looks al one of lhe example senlenccs abovc: 
"Quanlily-<>n·hand o( article type A is 17 pieces" ir may 
be concluded lhal the objecl it informs about is "article 
1) pe A" and lhe property or characrerislic that il states 
about that object is "quanlily-<>n-hand = 17 pieces". 
Furrliormorc, thctime staled (implicilly) is "now". Thus 
l. e may specify,"more form•lly: 
' 

(1} e-message idenrifier: cm 1 
Subject: Articlc-Type, A; 
Characteristic: Quanlily-<>n-Hand, 11 picccs; 
lime: Prcsenl; 

This structurc may be prcsenled in many olhct 
ways provided, of course, thal lhe form uscd is 
made known throu~h some sort of formal Slale­
menl. Sorne such forms may be,as shown below, 
Nos (2-4). 

(21 Formal: ldenrifier: Subjecl Referencc; Charac-
' 1 terislicum Reference; Time Referencc;; 

em 1: 
Article-Type, A; Quanlily-<>n-Hand, 17; lime, 
Pi'cscnt;; 

01' 

(3) F~;mat: ldcnlifier: Characlerislicum-Type (Subjcct 
i Refercncc, lime Refercncc, Value); 

em 1: 
Qu;~nlity-on-Hand (Article-Type~ A; lime, 
PtC',<'nl: 17 piccc~): 

141 ·Formal:" ldcnlifier: Characlerhlicum· T ¡pe ¡Ohject 
"Cbss, lime-Type) 
((Obj-id); (fime-Value); (QuJnlily));, 

. . ~ .. . ~ 
cm 1: 
Quanlity-<>o-Haod (Article-Type, lime, Value¡(A, 
Presen~ 17 pieces); · · 

' . . - , .. 
11 may be noted thai each of the.m.:o,.¡se-rcprc'l.c•· . 

tatlonS (or senlcnc_cs) pre\cnled ahovc are in ¡ ~'"' 
both complete and min.imaJ). Thcy are r:1mima.J tur U',.. 
dudblc) in the scnse lh.al if any o( lhc tcrm\ is Jc:lctel 
(hcncc Í¡!noring the ~sM>Ciated rcfc:rencc or ln~..m ¡,Jt;d 
lhen that which rcmain~ doc:s nol pro~id~ inlorm.1lloL 
The reader shoukl verify this for him,clf. In our pri 
cular illust~ti\'C case this. mcans that no luf!ica! pro­
pos.ition i_s rcprcscntcd whcn any sin¡!lc: tcrm i) delclc4. 
The mes.ages are complete, each of lhem. in !he seftll 
thal lhey mal;e .lnown something lhal may be lruc 01 

lalse and th<it lhus is a proposilion. For imlance if , .. 
· lact is that al prese~l there are 18 pieces in invenlory,lf! 
article lype A,thcn lhe proposilion is falso. We may !hui· 
say thal any of the messagc represenlarions above (1,1· 
3 or 4) defines a complete minimum supplemenl to t11t 
singleterm "IT' and,lhus, makcs known lhe informatioa 
which "17~ takes part in. In other words, any o! lile' 
c-message reprcsentalions abovc defines an i-delerminw 
of thc term "IT'. 

11 follows froin thc discussion rhal any of 1hc abowe 
c-messa~e reprcsenlations (as prinled) can be regard .. 
u an e-record lor thc e-messagc e m 1. Any olher group 111. 

. dota which can be formally mappcd inlo any e-me»a,. 
·reprcscntalioo for cm 1 may be used asan <-<nlry for 
representalion of em 1 in a dala syslem (providcd ... 
n¡apping proceduro is dcfined). 

The e-message representalion No. (4), abovc, has 1 
lorm which has separaled lhc va¡iable lerm• as tht 
"valuc ruple" (or "tuple" for short): (A, Pre1o0n1, 17 
pieces). 11 is seca thal any c-mcssage (and e-recotd) 
conlains a relalion instance as a proper part. Thus iUIJ 
c-message lype defines a (data base) relation (unce val,. 
domains have been chosen). · 

Dlustration of somt baslc conc<pll 
lnfological studies call for a lar&e numbcr of <»nccpll, 

as a resull of analyzin& lhe concepls o( informat•on iniO 
thc aspccts: represenlalions, cone<plion. and real u y ""' 
inlo lhe lype and instance'Jevels a• wcll "' inlo distirw:ll 
levels ol aggregalion and definition. All lhe rcsuui,. 
conccpls ~ave bcen found ncccssury. Th,y are lrcal .. 
explidlly, almos! one by onc, in lhc '~ •lemalic iD­
formal ion analysis. They call for a conesponJing, l.r11 -
numbcr o(terms. Of course. Ibis requircs soinc..mcnlill · 
cflort from lhe analyst before he can mtke u•e of tlli 
concepts, as the rcader will have noticcd. This is 1 . 
refteclion of lhe complexity of lhe problcm of inf• 
modellin¡:. To keep do"n the numher of enlircly disrinca 
lcrms a i.)'llcmafic Scl o( pr(filc~ has hccn inlrc.Ju(cd. ll 
m¡y be uscfulto illuslrale the cmploymenl of lhe ternK 
by mcaru o( an cxamplc. a!t an aid lo thc U\Cf! compre· 
hcn)ion of lhC inrulll!,:iCaJ f_r:tmc. O( rdCJCn(C C!llplo)Oil 

he re. 

o 
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Jl,t naturul·lon~ua¡:t Jtnlmrt thc: . c~éristic "lhc quaotity orJmJ .. • n ~ 
.piccn":·... . 

When we wanllo rcfcr broa~ly tu lxllh c-rccor~' anJ 
C•rocord1 WC USC !he prtfil "i·". Thus e-scnlcn<n. 01 
e·records, and C•recurdi are Cl.amplt!\ u( i·rccon.h. h.lf 

stntenccs). In connection with the lc~m ",cnt~rk:'c·· il is 
not neccssary lo cmploy lhc prcfi• ·¡.". Analo~''"''l M l. 
M:!, and · Ml rcpre,cnl a collcction or i·m~~~o!.J~ts tor 

MI: ''Thc cuslumcr C ur~crcd $ .piccn ol articlc A 
lud>Y" may be~inlcrprctcd 11 rcprcscnling a rcal·li!e 
cvenl odact: ·11: lhal is so thc scnlcnce MI may be sa1d 
to convcy a ricec ol inlurmalion which is lhe knowlcdce · 
~lthis laCt. The lact; in lhis·casc. is an'cvcnl in the real 
world. ;Íné picce ol inlormation is 1clcrrcd ID as· a 
mtuogt. !In lhis spccilic case .il is a proposilion in lhe 
scn<e ollocical tclll.) A structu1c ol data thal may be 

.. u•cd lo: 'upustnl .a mcssagc is a r«ord. Thc nalur.ll· 
~Lm~ua~-c scnlcncc Mt'isthus a1c<D1d, by dcfinition. The 

l<lms ·,ccord and scntcncc may, .in lact, be u sed ínter· 
changcably, ·as a con•cqucnce ol thc dcfinition. Thc · 
~tnlcncc MI n\ay now ·be regardcd u "1clcrring to" lhc 
cvcnl in rcality u wcll as lo thc inlormalion. In othe1 
wo1ds, MI 1elcrs lo lhc lacl (rcality) and lo the mcmgc 
(inlolmalionHas well as lo thc scntenccl. Any messagc 
may be .. reprncntcd ·by scvc1al distinct sen.lenccs or 
rccords •. · ·· 

. i-'rroposilions~ MI, M2. and MJ r<rrc-cnt a coll<eti~n ol 
:i-messagu (OI Í·plopositionsl. M l. M!. MJ wtrc lorm<d 
accordinB lo (a sub>tt on thc f1Jits of ¡,,muliun ~1 
naturallan&uagc: Oth~r rules fl( formaliOit Vrocr~ u-.(J .in 

Thc intendcd.lisers ollhc'rCcord MI may conccivc oflhe 
lacl inloimcd about as. '(omposition oltwo facl5 which 
may be 1ÓIC:rrcd to. by the two scntenccs: · · . 

M2. Thc customer C ordcred articlc A toda y: 
id3. Thc quanlily ordcrcd in lhe e~nl MI. was 5 

. picccs. 

Then the lact is a combincd lael or a torisolidaltd foct. · 
The cGrrcsponding mc.s•B• and. scntcncc is thcn also 
rcgasded· ·as· a compound mtssogt and ·• ·couolidoud 
rttord, rcspectivcly. 11 lhc usen do nol regard thdacts · 

• 1 

rcprcscntcd by the senttnces M2 and M3 as ·compound. 
lacts, thesc lacls are rcgardcd as elcmenlary. Thcn lhc 
mcssages and lhc 1eco1ds (or scnlcnccs) ase abo ele· . 
mcntary. Becausc ,we · olten nccd lhcse dislincl tcrms. 
somc ablireviations wcre introduced. Thus the prcfix 
•·e·" is uSed to indicatc "elcmcnlary" and "e··· is used lo 
indicalc.;;'compound" or "consolidatcd". Thus Ml'is a 
t·stnltni:t (or C·rtco;d¡ uscd 10 ICplescnt·a t·mtssagt 

M la: (Cuslomcr, C; Date, O; Or~c1, Alllcl<. A} Quan' 
tilr-ordcrcd, 5 pes:: 

M2a: (Cu<tomtl, C: D•te, D} Ordcr. Articlc.A:: 
M3a: (Evcnt, M2a} Quanlity-Ordcrcd, 5 pes;; 

Tht lormation rule hcrc is such as to cxplicitl¡ rcfl<elt.~e 
ltlcrencc structure or thc Í·mtS>a~es: thc •uhjccl 
relercncc, rono .. cd by thc.timc rclcren.:c and llh<nlthé 
propcrcy (Oi n:lation,hip, rdcrcnce: ·In :1JJilion. lht im· 

· portant ch:&ngc was inlroduced lh31 the lime rdtr(n\7t 
WB$ rñade absOIUIC. This, or COUUC, j) R(C't\):JC~ 'o' h(O 

the ICCOids a1c to be <lorrd. Thc hrad:ciS ale "'"~ t~ 
· endose lhc part which providts bolh <Uhjcct an~ time 

1clcrencc. For cxample, M2 and M2a in,lati••e t"o 
·c.-record lypcs and ma)· al\o be -.ecn a" rcpr~!oi!'Rl.tliun\ 

O( IWÓ e•messa~c lypc Ín<tanccs. bolh of "'hÍ<h •re lh< 
same picce' ol i'nlormation. Thc •·m<<>a~c rtprc>_cntcd 
by M2 or M2a .is. an in<tancc ol an ·:elcmcnl:.r¡ in­
lolmation·kind" 01 t-concepllin'thi; case an elemcnlar¡· 
prcdicatcl. This e<onc<pl may be descrit-cd b¡ thc e· 
·conccpt schcma: ICustomcr, Date, Ordcr ~Anide l. Wc 
may rcprcsént thc C•mt\sagc b)· )"t! ilnother t·rcco(d 
lórmat which ·rcfltcts lhe e<onctpt: 

M2b: ((Customcr, n.te) Onlc1 a Articlcl l(,p, Al;; 

whil:h ;>' thc knowlcdgc ol a t·fatt. ·The scntencc M2 ·In lhis e-record lormat lhc c<onccpt .chcma appcars in 
i.nd M3\ are t·Stnltntts (or t·rtconlsl rcpre>enting •· lronl ol lhe:"váluc tuplt" and all c-me"•B•• "belon~Íni 
~magos aboul t·fa~IJ. Thc c·mcssa¡:e rcprcscntcd by to" 1he e<onc:cpt may be rcprc<cntcd b¡- a scl ol such 

.. - lhc e-.ontcncc M2 may be rciardcd as inlormation aboul tuplcs, nch. tuplé being couplcd to thc c<oncept 
~.c~s1omc1 C'', but lrom anothcr pcrspcctive il may schcma. IHcrc thc linkagc betwccne-conccpt• and rcl•· 
iristcad be rcgardcd as info1mation about "article A" or, tions is >een.) In. thi> conncelion it will he noliccd that 
i~dccd, about "toda y" or •bout the g1oup ICu,tomcr C, thc i-dctermination ol "ordcrcd aniclt A" by "cu•IOm<l 
'Article A, loday). Thc analrsis o.l lhc c-senlcncc MI into · C,loday", mcnlioncd abovc, give< ri,cto a lmuÜh·alucdJ 
thc e-scntcnce. M2 and ~U madc il clcas thal the part "$ dcpcndcnc'y IC. f>~ ~A. whm C. f>. A are ~main• 
picces" .of'lhc scnlcncc MI inlorms about the .cvcnt such that Ce C. DE f>. AEA. Thc c<onccpt M2b is 
rcpresentcd'by thc rcst of the scntcnC. (or repr<scntcd \cen to givc risc to a.4NF rclation on i" ••luc d~mains. 
by M21 .. whcrcas lhc part '.'ordcred arliclc ·A loday" . This is typical ol c<onccpts. 11 wc int .. ,ducc thc ad· 
Worms .aboul lhe customcr C. :(This · analysis Ís," ol ditional e-1ecords 
course, csS:Cntially a kind of p_arsing or the naturaJ.• '·· 
lari~uagc ><nlcÓCe 1.1· · · · . · M4a: (Cuslomcr, C: Dale, D; Ordc1, Anide. A) Del· 

The" Nenlcncc 'M2 rclcrs lo -"customcr C" as ils. 'ivcry-Addresi, Ad;; 
sulijecl (=e~tiiy inlormcd·about). The part "cuslomer C, · · M5a: ICuslomer, C: D.tc, D).Amount·Duc, Ami;;. 
toda y" i-dctc1mincs the parl "o;dc1cd a11idc A", thal is, · · 
il '""les 'lnown whaf inlormalion thc characteristic . ,..e find lhal M la and M4a have idcn1i<al •ubjccl p4T!s 
"ordcrcd asticlc A"' belongs to (or p3nicipati:s in) . ., and...; havc ~12a and M.la. We may thus cuñ,iJcr. during 
Simil.uly, lhc c-scntcncc MJ has "cvcnl M2" as its the data dcsign,'consoli~ating M la with M4. an~· M:!a 
subj<el·plus-timc rclerencc and ., lhc i-~ctcrminánt or . with l.!sa: 

1. 

• 
. ·' 



Ml-4u: {Cu•tonier, C; Date, O; Order, Artk:le, Al · 
Quant-Onl, S; Dcliv. Addr, Ad;; . . 

• M2·5u: {Cu•tomer, C; Date, DI Order, Artlcle, A; 
Amouni·Duc, Amj;; 

or 

Ml-4b: I{Customer,l)ale, Order • Article) Quani.Ord; 
Dcllv·AddrJ 1(:, O, ~. S, Ad) 

M2·5b: ({Cu,tomer, IMe) Ordcr • Article, Amount, 
DueJI~. 0 A, Ami). 

The\e c·;eccirds give risc lo "c-c:oncepls" (or con­
'olidated .i·conccpls) ·as descn'bcd by thc lcll puran· 
lh<>e,. By dcfinition a colledion o( e·records (or c­
record•l i• un e-file (e· file), provided thatthc c-rccords or 
c·record> are of the >ame type und, hcnce, ossociale with 
the .. me c:conccpl or c-concept, re•pectiveiy. · 

The c·rccord Ml-4b is a rcprcsentation of a c·messasc 
in,lance of the c-c:onc:cpl 

. I{Customcr, Date, Order .. Article) QUólni.Ord, Dcliv· 
Addr) 

obtained from the c-c:oncepts 

f{Cust~mer, !>.ate, Ordcr • Artkle) Quani.Qrd) 

and 

I{Cultomer, !>.ate, Ordcr" ArÍicle) Dcliv·Addr) 

throu¡h co~solidation on lhe common subjecl part 

( {Customer, l>•le, Order • Articlc) 
' . 

Thi• consolida! ion ~ivcs rise 10 a join on (C, O, Al or thc 
two rclations (C, O, A, 5) and (C, 0, A, Ad). Sinularly a 
c-conc:epl 

f{CÚ•tomer, D•le), Ordcr·Artkle, Amouni·Due) 

i 
·' 

-71ot nttd for G ~'trlml/ ron/u/ nr Jtnrarrlír. l>rlri¡:roriiiW . 
We sluted .that any of thc e-m.:•..;,&e rcpre-.entaiÍOIIIl 

ubuve could be reF1nlCd 11 complete in a >en~,.Now wt 
·. wantto make this ~en~e more'lpccilic. Lel'• do lhi> 1111 

lhce·meÍ1age (ormal No. (l), To rcccive .the e·mCIIIII 
·.(q;~IO c•lablilh Íl in our mind) U reprt;(ñlcd b)' 1M 

formal No. (3) (QUólnl~y-on·Hund (Article.Typc, A: · 
Tiine; Pre,ent: 17 piem)) we nccd 10 have lhc ,.. 
knowlcdge or' whal "Quantity-on·Ha11d" me. u a. ,...,. 
a• what ¡, meanl by "Articlc·T)·pc", h, "A", by "Tune", 
by"Prescnl" .and by"l7 pieccs".lnlld•li!ion wc mu11 alio 
know thc· munin~ of "Formal", "ldcnlificr", "Charac· 
teristieum·Typc", "Subjtcl Ref.", "Time Rcf." and 
MValue" ll..ansetol'l[l,IIJI. · 

11 may now be >een thal "completencss" of un t• 
mem,I!C rcprmnlation i• t•ken 10 hold in lhc >en~e lhat 
lhosc ptÚtku/ar relcrcnces ure made kno•·n lhal could 
nol be kno~·n beforehand. For in•tnnce, thc paniéut;w 
knowled~e thal this e·me•>lÍ~e inform• about "Qu~ntilr• 
on-Hand" couLI not be known indvance. Conlrlr)' ID 
thi•, thc ~ener•l h:.ek¡¡round kno11·led;e ol io·hal qu:q; . 
tity-on·hand mean~ can •nd mu,f be known in lldvaace. 
11 is "pre·kno•·ledse" necdcd Cor lhe comlilunication .... · 
lhc usase. of lhe c;mcsso;c. lt ls thc "u~oer. vicw" f• 

· wh.ich the data de•i~n has lo be madc. · 
Thc rcsull' ol our diocu,~ion so lar can be 1ummariud . 

by lhc slnteínént lhal lhe in(ormation thlll may be i:~~~~o · 
veycd by a scl o( da'ta, D, dcpcnds on thc pe,_ 
reccivinathc data in that lhc ~tmantic baek¡¡round • 
"rcceivinc structure" S of the pe non ¡, Úuci:&lto i111u: 
pretins thc dnla. In additlon, the time ·av.~able fOt 1111 

· intcrprclation is al.o •isnificant. All this can be upr• 
sed by a. conci~e "conceptual (ormul¡," U.:.n¡¡eforiUJI;. 

J .. kD,S,I) 
O • data reprcscnlins lhc intended info · · 
S a lhe "rcceivins r.tructurc" (pre·knowled~el of 1111 

uscr 
l•lhe time uva~able lo lhc uscr for intcrprelin¡ 1111 
.. data O · . .. . 

l•·thc informatioa conveyed by thc dala O 
i• obt2incd throu¡ih consolidation of lhe·lwo. e-c:cincepla 'i•thc information funclion t: 
ha•·in~ {Cu.romer, n.tc) a• their •ubjcct p;trt.; nie coD- · 
solidatcd (or joined tuplu) (~; !), ~.S, Adl atid · Anolher importa~! in•i~t gaincdrrom the di•cu .. ioa i&i 
(~. !), A. AmO be long lo l,.o relalion• thal are stUI ~NF. 
This is partly due lo lhe fue~ thal lhe con>olidated 
c-c:onccpts all havc ldenlical 1ubjeds. lnslead, Ir one 
woÚicl, e.,. consolid3te all thc e:Conccpts mcnlioncd 

. ahovc lhc resultins relation would nol even be.INF. · 

la n.ta Grt nDI informal Ion und 
lb D:ila do nOI ttmtaln lnformalioa 
le But data may on/y, al be•t, ronr·t.• informatioa le 

· 1uch ·pcoplc the' conception:d fram. work of •ho!ll 
are -hoth con,i.,lenl with lhc d2la reprhclllatialí . 

. L'ii'OA.IIA nON. roHTi:n 4.~0 SDI.umc uncaOI/IID cho..:n and V.·ith thc model of thc . part. of icalitJ 
Piccco of inform.iion, i·mcm~e1, are Lnowlcd1c of . beinginvolvcd .. . . . . . . . . . . .. : 

paitkubt facts. Thcy mu51 be con•tructcd from · Id Jlthc amounl of data i•lar~econipared lo _..,1•blr 
rtfcrtn,es lO llptCII of lhesc particular fóiCII, DI WC time; 1, no information may come lO be conwcd. . 
ha•·e ~ecn. But thi• could only be realized if thc receivcr. A conuquence for the infurmation an:aly•i• f• t:..: .. íA 
o( lhe information ha• already •ome back~round kn9w- uddition 10 idcntifyin~ the inform;;ti~n necdal ~Ni. 
lcd~e. Sume ••rcct• of thi• bad~round ~nowled~e· are .. dcfinin; a data reprc\ent.tion u( il, !DI.' one. •ill ·~w 

· prhcnlcd below. Port/rulur informal ion und 1/tntral, 'ha ve .lo uhtain wme · Lnu,.lcd~e of thc ~u,cr.~ ··in; 
. l•fl'·t.lillint baéL~ound Lnu .. lrd~c appear.'a• l.hc t•·o folu~al model S. All<rn•tÍicl)·, one ~in h•~c,to ~.,¡¡, 

bJ,ié i:Llnl~'ntnl\ cfudal·lu all inrorm~tion u~·e, c;um· lhJIIhc afe,i¡=nrd l.lo~l.aii>I·L·umrl)· \lollh lhc ~o,¡J,,~~ 
n•um~.alh•':l·'"ll JJitl Jlhl\'e"mg. o~nJ Ü.c lo~n•''' . • uf· lite ;,,,,.,~oi.:J u""r .· - ·. '! 

., 

! 

• 

¡ 
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Waloci<-.d """"'1• and lnlar ... lion u.n vitw> 
• 
•2l 

JI may be conclu~cd tlull once lhe distinctiún ·in· ily ol prcdicting. some cflccl ol lhe obscrved c•lacLt 
· lormation/dala is rcco~niu~ il is immc~iolely loun~ llull Howevci, dislinct· u>en rnay be inlcrcslcd in distin.:l 
uur nccds lor inlorm:ilion an<l uscr world vicws bolh are cl!ccl .. This implico lhat lhcy all nccd lo p0>5css lhc 

10 bccomc involvcd, whcn dala are lo .be dcsi~ncd. Bul "vicw" SI while lhcy m:tY lhcn h~IJ Jisliru:l addili~nal 
lhi. don nol neccs,.rily imp.ly.lhallhc u!"'uiew (SI will vicws, S2 or S3 lor instancc. 11 wouiJ secm arrn•rriatc 
ha ve lo be rcpre:~enlcd· in lhe Jala 'yslem, nor doc> il lo regard lhc "view" SI. basic lo all usa~c. ~~ ccrtain 
lm'c to be lormally dcfin•d. 11 is only ncmsary lhal lhe . Jala, as lhe .mínimum rcquircd um. vicw lor lhcse data 
dal<l are adaplcd lo lhc vicws ol lhe uién and tlull il is (corrcsponding lo il is .fhc "concc'ptual S.:hcma" ol' 
¡;;opcrly vcrificd lhal lhc usen undcÍ>Iand lhc.dat .. JI .ANSI(llll whereas thc .addilional moJel• Si (i a~. J. 4 
¡lo~ u;en undcrsland lhc dala(which caa be lcslcd),lhcn ele.) mi~hl r.thcr be rc¡iu:dcd.as dislincl , .. ¡·• ol.apply· 
ihis mean• lhal lh<Ír world vicw has beco "involvcd" ing lhnamc inlormalion (i(D, Sl,l)). ITiw¡ corrcsrond 

. ioncclly in lhc dala dcsi~n. On lhc oihcr hand, il m:1y be lo.(or, r•lhcr, are· as<acÜIIcd wilh) lhc "r<lcrnal Schc-
ol inlcrcsllo reprcscnl parl ol S in thcir minds. lo lhis mas" ol 'ANSI[IJ))..Now the commun u.c ol lhc 1<1111 . 
.,:ay the nccd lur informalion/dala dictiooariés and in-. "úser vicw", or .. .,·orld mnder is ol lhe Linds illuslralcd 
formal ion managemcnl beca me upparenlloo. · · above by Sl, SJ, ele., and lhus lhcy oughl lo be rc~arded 

Wc shall sec latcr lhalthc lcrm "u:~er vicw·or dala" is as an app/irariun pn>rtdurt ritk' ralher lhan as a uscr 
uscd irí rcccnl dala base works in a way lhal i~ only vicw. Thctdislinct applicalions, ·aosociatcd wilh S:!. S3, 

· rcmolcly similar lo lhc concepl ol "view ol lhc woiid" or etc., will proccss lhc sume dala (use lhe samc picces oC 
"scmanlic background" (S) as .. discusscd in thc oldcr informal ion) in. dislincl combinalion• and S<QU<nccs. 
inlormation syslcms lhcory and prcscntcd abové. We This docs nol neccssarDy imply thal thc d313 n.tQn 
shalllty lo id<nlily lhc drawback thal is associated wilh ' dislinclthings to lhc dislinCI u.crs though lhtsc may 
1his. ' · inécr distincl consequcnces lrom the same inlormation. 

. becausc lhcy havc dislinct problcms lo soh·c. 
T1>t injologirQ/ bQri:Kround, or um oitw, 111 11 11ittm . · Thc "vii:w". SI will lypically, be associalcd with 
modtl · · · objecls and objccl-relalions in the real ,.·orld (lhc objcct 

11 has becn secn ihat the inlormalion convcyéd by sysleml as well. u with names.and lrames ol relercru:e 
~me dala dcpends on lhc semantic' or infologira/ · assCÍCiated wiÍh .lhcse objecls and relalionships. Out 
lramcwork ol lhc user. 11 has becn strcs~ lhal such an . noticc tlull this docs ..Ot mean ·lhat olllhese objcm and· · 
inlol~gical background mu>l be a syslcm modcl oC (part rclalionships. musr·be .scparaleiY. mudellod in lhe data 

· ol) ihc syslcm in which lhe lact·lo be inlormcd about base. Ralhcr, wbenevcr a user specifies an e-concepl (or 
appears (l.angelois(ll)). Such an inloloSical syslcm ~mmagc lypi) lO be rcprescnted 'in lhc S)>lcm he 
model may be in lhe mind ol the user but il may parlly introduces one or more object classcs and a propcrty or 
be rcprcsenlcd by data avaiÍáblc 10 lhc uscr on docu· rclation as wcU. ThiSwDI thus appear amonJ lhe data (0) 

· mcnls or on a computer terminal. This may make il and docs nol nec.essarily nced lo .be lurther representcd 
csseniÍld lo supplcmenl thc c·record '(e·messagc as data ([)(SI) that represen! a model SI.· 
rcprcscntalion), which is prescnlcd by thc syslcm, with · 
lhc identificr S' ol lhe relevan! siOrcd sy•lcm niodcl. An 
examplc may explain lhis (l.angclors[ll)) .(sec also 
Langclors and Samuelson(l2), F'¡g. 1~ For inslancc, il 
may ROl be cnough /or lhe reccivcr Of lhc mU\agc lO 
have a dic1ionary which.lells whal "Boner 5" ntoans. He 
may necd a modcl ol lhc systcm lo sce whal el!ccl thc 
obscrvcd lcmperaturc may ha ve and,lhÚs, whal decision 
is nllcd lor. On lhc olher hand, any systcm modcl can 
always be conslitutcd by a scl oC c-memgc represen- . 
lalionS. · 

RtmDrl: 
lt should ~ noticcd that lbe insight lbat thc inla­

pretalion ol a record llor instunce, ·a sentcru:e) dcpcnds 
on thc world view S ol thc "uscr" .docs not lmply thal 
lhc view S musl be cxplieilly modclled in • \Chema. lor 
instaru:e. Thc only thing lhat il implics is lhal an¡· record 

• may only convey inlormation lo somt uscrs ánd. hcnce, 
il i$ imponanl lo ensurc lhal lhe data (thc recordJ are . 
desicned wilh proper allcnlion eiven lo the, vicws. S. or 
the inlcndcd ums. How lo verily lhis is a problcm lbat 
is opcn lo rurther rcscarch. 11 should nol be trealed by 
tacit assumplion. 

11 is.easy lo scc lhal "underslandiitg" somc dala (onc 
c·record lor inslance) may mean dil!crenl things. In lhc 
min\mum case k' willlmply mcrcly lhc imagining ol the 
c·la~las thc observcr pcrccivcd iL This would mean lhal . lnfonnolion dirtionary and ln/onnotion manogtnierrJ 

· lhc user ol lhe dala would coru:civc ol lhe pari ol lhc An importan! consequence ol lhc cn .• ial role ol lhc 
world thal was perceived by·the observer who originatcd user vicw (SI lor inslancc) is lhat alllho'e ,.ho are to 

·. lhe mena~c. This secms lo be thc only. "undcrstanding" sharc somc cÓmmon dala must hold lloc same lbasiC) 
which is generally rcqueslcd lrom c-rc¿ords slorcd·in an . vicw (SI), al'l¿aslapproxilll»lely¡.wherca.tbey may.hoJd •"· 

'I.S or dal• base. 11 will require a sm•ll piccc ISI, say) oC .. distincl applicalion proccdurc vicws (correspondí ni 10 
· .lhc-semanlic background S only. In ino;;·aeman<ling. '· what is commonly relcrrcdlo as "uscr vicws"~ ll!ol· 
-C'~Cii ..:~~_dC!~.,~~~imf' ITI~)' .lllCiJUJU.Wil.ion....aJ:¡ipilhil~---Jow)j lhal jr is.Jlte:CSS!Ir)' tn- m•tn•,rc In b~ve all~la-&cmK---­

·. --·- · or namc¡ dcfincd in a common, · aulhorizcd infor· 
' tTo an •¡¡clion oricnlcd" 10eiahcicntist. inrcrringthercasoasor ." malion/dali.l dictioru.ry. This dictionary ha\ lo be ~crificd 

':lnolivrs" t.:hiOd ob>ervcd bch>vior m;oy be 1hc .;.,, nlhcr 11w1 by lhc relevan! usci groups and lhu' il mu11 be madc 
:pcc-~iclin¡ cffcch\ · · ' coasislcnt whh lhc rclevanl U!ri.cr vicw l~uch a\ SI for 

·, 
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inslance). Consequenlly, any lime thal iome e•messagc · 
l)'pe is lo be documenled a• required information, alllhe 
names involved musl conform to the dictiorwy. 
However, it will oCien luoppen th:il new names are 
nceded, when new e·message types are iotroduced. lt 
"ill then be ncressary to hav~ .instilutionafiud a 
mana&erial procedure for'hnw lo introduce and áuíhorize 
ncw 113mcs. These names will, lypically, be· names o( 
object ebsses or property lypes. Thus . it Ís seco to be 
nccessary ·ror any JS dcsign process lo have a well 
e>tabli$hed infurmation managcmenl procedurc 
t La~gefors (14)1. This need (or data management and 
in!ormalion mall3~em<nl functions has also be<n recog· 
nizc.d, mure reccnlly, by tCODAYL(J5)l ond (ANSI· 
SPÁRC(O)l. 11 is d<>irablc lo havc .the informalion 
ma~a~emcnl (unclion •upport<d by a compulcr 
rl:."~g<lut>(l4)l. or coursc, the in!ormation dictk>rwy 
will· hai'C lo contain cntri<s not only (or objecl classes . 
ond property types but al'"' for e-conccpts anol othcr 
Í<•>n.:cpb. Furth<rmore, nol onty- will the meanjQJ: o( 

cach namc ha ve to be doi:umentéd but various: qualila- · 
tive and quanlitalive characteristics will be pul dowa.and 
serve as a basis !or data and proceso dcsign as well as ror 
inlegrity conslrainls. · · 

l'lltposfrt lnfonnotlon borl;ground 
We luovc discusscd how lhe undentandin8 oC data, 

recciving the in!ormation, dcpends on thc penoual world 
views, S. This is a kind o( cognilivc backgroui1d-whal· 
the d•ta usen know of lhc world. · Bul the iilformalion 
reccived will be used lo supj,ort dCdsioris. and a"iuns. 
This, howcvcr, does nol only involvc raclu;d inforÍiiaiÍOú ... 
bu1 also goal or purpo .. information. In· managcn;.DI 
informalion sr•tem desi¡!D one is interesled in 'P,oviofu:g 
~oal information, in· addition.lo lhe factual informatiou, 
in arder lo inftucnce or control lbC ~edsions or aciiou.. 
However, as shown in (ungcfon (24Jl dccisions m:i~c .. 
by peuple are neces.;.rily dependen! on lheir penoD.ll 
MP~""'\ÍVe Í!ICiinaiión". Thu,, human bcin~< ~;,~,in!~~­
nahzed gnals lhat t~cy are U•u:olly unaware o( •iul·l~l 

' ' .. •,' . ·, 
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pmvidcd by lhcse liclds o( sludy. More dala '<)>Ítíñ· 
~'ritnlc~ ~1uJic._ 'u"h alli data h;1sc:- rhc:úry anJ ''.ru::hJftd· 
pru¡iran\min~ lh•'l'IY <peak of "user vicwo uf iiÍf dala" 
and lhereby consiJer how the <ólmt dala •r• NOC«sed 

· distinclly in dislintl arrlicaliuns. The aim of l~is papcr 
ha• bctn to c~mrart-vrry bricfty-lhc•e dislin<l per· 
speclive-s or "vicws". 

waum:~tict1lly influcn~;c thcir dc:ci,iun~. So Jcd,ion' 
~.tnnol b( IUI;ÍIIy Ct.IOirullc:J b)· Clplicil ¡:~al infllf0\.11i~tn 
•nd &he cap.:cltd hch:o•·ior uf Jata users ~' lhu• nol onl~ 
Jo:pcndcnl on lhcir co~nilivc world vi~w .tSI bu~ ai>O on 

1t.:ir ''i!ual vicws'', or inl~ntiun.~. Ttus 1s h:stdic~ .. fur 
ift•lance by 1he facllh;JI p.:orle nnrmally !"•k• dcCISJons 
~ilhnul makin~ caplicillhe undcrlyin~ &OOI> or aims and, 
.,·en. llilhout hcin~ aware or lhcm. 

ñt:rr]trtilrt portl of on t·mmoge ond tht lnfo/Óglral 
· Ab•trari IS. nal·k'Orld mGdtl aad ""' rltt~• . 

~.rtcrilunJ · · 
We slrc"ed.lhal &he referencc parh of an e·mesOJ•ge 

mu>l mott t11o•·" wh:íl'lhey rcfer lo bullhal.lhis may be 
,¡,11,. in various wa¡·s. We now may inler lhal how il may 
be maJe knnwn will dcrend on lhe >lruclUie of lhe real 
s¡·srcm and on lhe infological >yslcm moJel (Siavailable 
10 lhC u.ers; We may illuslrale lhis facl in conneclion 
~ilh Íhe earlier example 

eml: Quanlily-on-Hand (Article-Type, A; lime; 
· Prescnl; 17 pieces) -· 

The e-messa~es corrtspond 10 c·facu in lhe ,.·orl~. 
Hcnce lhe abslr.li:IIS CAISI. consislin~ or all e·me• .. ~cs. 
t·aiGorirhms and e-c~ncepl<. forms a mod<i of a s.:le.:led 
part of realily. This was Uie view uliliu.l in. t"•rl)· IS. 
lheory (l.;m~dors[l,3)l and il >liU is a ba,i.: infolll~kal 
'·iew CL>nvdors and Sund~rcn(l6)1. This view <lresscd.. 
as "'e have !<ten, lhal lhe abslract IS (or inf~lo~icul 
m~del) (AISI musl alwo)'S be bascd on anolhcr "orld 
model, lhc S<manlic-.d background (or coll<clion of per· 
sonal world vicws 1 S. 

The abs1rac1 IS, AIS, will be assumed represenled 
partly by dala CD!and rro~ms. in lhe l)'picaliS Jesign · 
case. Conlrari,.·ise.lhe per.onul world view collecli•>n, S. 

firsl, lhe lime refcrenc~ can obviously nol make known ,..ill nol be repre.ented throu~h dala in the l)'Jiic-•1 C:IS<. 

1hc lime il r.Cer• to if the e-mes..,cc rcprucntalion cm 1 11 is only nc~mary 1hat il exists in the minds of thc IS 
"1>Uid be olored wilhOUI supplemenlVY lime r<ferencc Usefs.or, more prttiself, thal relevan! parts O( it are· 
data, in a data base. . . · ·invoked at' relevan! times. 

Sccondly, lhe Subjecl referente Articlc-Type, Ai docs The data base lilmlurc oflen ignores lhe ltrm "in-
IIDI make known; by ilstlf, lhe objetl il refcrs lO. firsl formalion", in ÍIS meaning of knowledge as uscd here. 
WC nolicc lhal We probably have lO do WÍih an objctl ln>lcad ODt speaks of lhe dala·base andO( 3 "r<al•,.orld · 
"·hich i>, ilself, a collection of objcclS thal are articles of model" assumed lo be rcpresenled by lhe dala bas.:. 11 
lhe lype A. Furlhermore WC guc .. lhal lhis colleclion is •hould be observrd lhal lhe "real-world m.•drl'' or lhe 
•lored somewhere. Suppose lhis colleclion is slored in dala base lireralure corrcsponds lo our ab<lracliS I.~IS) 
Store No. (1) and thalsuch articles may also be Slorcd in · and not .lo lhe ".emanlic background >)'<lcm" S. 
Store No. (2). Now wc mus! conclu~elhallhe cxpression Because lhe di>lintlion AIS/S is never arliculated in lhe 
"Article-Typc, A" docs nol, alone, make .known lhal DB lileralure il is usually q~ile .confuscd a~ lo "·ha& 
•·hich was inlended. 11 musl be supplemenled.lo "Arti· shuuld be repre«nled in lh'e dala base. A\ a con-
cle-T)'pe~ A;Slore, No. 1;" and lhe inlological model orthe sequencc, il is oflcn l3ken lor granled lhal all ol lhc 
ums mus! be compatible wilh lhis. · real·world model llhus bo!h AIS and SI oughl lo be pul 

You 'may now ask whelher llie needcd supplemenling o inlo lhe dala base.'This is obviously bolh undesirablc and 
should ·.be done . by lhc analy$1s or by lhe uscrs. .impossible. Behind an¡· represenlalion or a "~rld ,·ie"·· 
Obviou•ly, lhc an:dy5ts could only du lhi' ir they know . such as S, lhere will al"·ays have lo be anolhcr "orld 
lhal lhere is more lhan one slore. Rcgardlcss of who vicw S". Thus, regardlm of how much is pul in,ide lhc 
does lhe specificalion. ir Íl has been. verified by lhe dala base, lhere mus! alwayl ·be a worldview oUisiJe il, 
relevan! U\CIS lhal lhe objccl referenée choscn for lhe . available lO lhe users. 
c-mess:ige formulalion does idcnlify !he inlended objecl, 
lhcn lhe dala can be designed. 11 is nol required lhal lhe 
dala syslem has a slored syslem model lif lhe data 
syslem is nol an artificial inlelligence sY•Iem). The dala 
•yslem will a55ociale dala objecls wilh lhe objccl 
idcnlificr chosen and lhe users will ossociale lhis 
idcnlifitr wilh lhe real lite objecl as defined by lhcm· . 
,.lves. 

Cllonging ptrsonol l'itM'J, a .(onrtpl of conrtpU 
A spccial problem with &he imporlance ol u.cr ,·iew' 

for lhe inlcrprelalion or dala is lhal . personal views 
chance conlinually. Thi> is somelimes inlendcd. lOme­
limes nol. In laCilhe IS ilSelf may wcll conlribute lo this 
change. As a IC\Uil, uny IS willlend lO lou\C \Ome or ih 
relcvance ovcr time. 

·- -SO~IE PliH:IUl'IT o\SPECTS or lJSDl \lEWS One example of an inlendcd change or vlew would be 
The i'lformalion lhal 'may be conveyed by dala lhe po"ible effccllhallhe efforls on re•haping lhe u ... ge 

depends on lhe vicw of lhe · world, hcld by lhe users of or 'lhclcrm ."u•er vicw" mighl ha ve upon 1.0mc reodcn 
. lhe dala, as well as il dcpends on lhe lansuage lhallhe,e ... of lhis paper. . · · 
P.Cople U'IC lo expre" lhe views. Thi• is one or lhe ba,ic The phcnomenon of conccpl lorrnalion and changc is, 
poinls.Of-dcparlurc ol infology and informalion syslems of course, a profound psychological phcnomcnon. 
lheory bul, abo, il i< a loc•l poinl of hcrmeneulics, &he Howevcr, as shown in 1 Langcfo" [ 1711 il i; po"iblc 10 
"scicnce of. und<rslanding". We prcscnt sorne aspects cxrlain much of il ba\Cd •olely on <imple dalll moJelling 
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and a"umin~ lhe <avine of memory •pace lo be l~e mai~ 
criterion ~uidin~ the concepl forming proce••· · 

Tu illu,trale, we bring an exlremely simple cumple. 
Suppo-c we have an IS which receive• aÍld slores in­
form.tioa u. reprcoenled by e-record• such u lhese: 

TOM ha• a hcad; 
NAUTILUS ha• a hull; 
TOM ha• a boJy; 
BILL ha. a hcad; 
HARRY ha< an arm; 
TO~I "'eiBh> ISO pounds; 
BILL ha. 2 lcgs; 
etc. - .. 

Thc IS compile• lhe e-record• inlo inlcrnal data struc· 
lure\ a• depi:ted. in FiJ. 2. Tht\C 5lructurcs WiD be 
rcferred to "' dala object>. A pallcm anaíy•is al,orilhm 
optrate\ on the~e data objcCl5 and CXIraCI. 5lrUCiur .. 
that are found lo be common to •cveral dala objccb. 
Thu• new data objccts gel d~fined and namés are o!Sig· 
ned 10 thcm. Thc¡· ,.;u be rcfcrrcd to as conctpts. From 
lhe dala ba\c a.socialcd with Fig. 2. a concepl dala 
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objccl callw Person i• oblained fiom lhe algorithm; Fig. 
l. 

Notice thal rhe conccpt object. f'¡g. ·l. ha• one CODo 
stanl oi clo•ed, part named rerson-Ba•ic and one opca 
parl called Person-Form. The ciO\Cd p;ort, Per\On·B3\ic, 
contaln• a sel of cnínpletc7 · or- · closed. . rropcrty 
rcfercnces 15uch as •ann•. qty, 2:"1 wherca' lhe opca 
part cont~ins namcs of propcrty 'íypes bul lea ves lhe 
propcrty values opcn (such as "weight, pound· :);"). The 
opcn concepl data <truclure part allow• rcal·lire objecls 

· tcalled pcrson• in thi• ca•el to be regarded •• inslanccs 
. of. a conccpl evcn thou¡:h lhey have di<tinct 'values roio 
. tho<e propcrtics liste!~ in thc open p;ort. ( For instance, 
. pcrsons may havc di•till(l wei~hi,._ n.-cr!hc~u thcy aU 
ha ve lhe common char•ctcri•tics of having •omc wcight.) . 

Of COUr>e; lhc opcn propcny values ... ill U>Uolly 'be 
conslraincd lo stay within spccificd bounds (for inslance.! 
pcr<On> 'must ha ve wcighl ValUCS betw~eft uro· !!Jld .400 
pound<~ Such dcfined boun~s ••rvc al inlegrity coDo 
str•inl• for thc data base .. 

11 i• intcrc•tin~ lo sec that already now we may 
rccognize some propeirie> of lhe COII(ept dala objects 
thal ha ve signifié:ance for JS dc5ip. Thus, thc. COII(Cpl 
objccls tsuch as in Fig. )) havc a·dcgrct of pcrmancncc 
which makcs il po•siblt for pcoplc lo kccp them avaiJ. 
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~blc. Thcy are obvioullr closely associatcd with the 
"~manlic bit.ckground'" or ••uscr \'itW" S as we- dis .. 
cusscd earlier. lnsiead, the open valuc positions 
repre.cnt information that cannot usually be availablc to 
pcople in advance. 11 is thal information wbich calls for 
particular mcS<ages and, hence, needs dala records (such 
as scntenccs) for its communication. Furthermorc wc 
now also scc what panirular C'Onltxt is ncedcd v. ilh any 
si~e ter m before il, can convcr information. This parti· 

__ .. 
·~ 

..... boclr ........... . 
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. human memory or in computer) that they bring about 
For instante, the data objcct Tom of Fig. 2 ,.·hich ~e 
may write as ' 

Tom (head; body; urms. qtr. 2: legs. qty. 2; lleight. 
pounds, 1501:; ma.y be substituted by · ' 

' . 

Tom (peMn; ISO;?);; 

cular conlext, "'e can now scc, will ha ve lo identify lhc · if il is auumed thal the value lerms follo~ ing a conccRl 
concept object lhat the value belon~s lo as well as the name, belong lo the open value slol< ofthe open p.rl o(. 
proper place ófthe value in that concepl objcc't.We mar lhe conccpt.object and "?" is u<ed lo denote a mi"ins 
now also concludc thallhe opcn pans of concepl objcds value spccification (which thus lea ves a valuc still openj. 
correspond, rou~hly, to data record types in.data bases. In general we will cncounter dala objcc" lhat are at 
Finally, !he namcs. or t<rms, appearin¡ in a concepl most partly .con<islenl with a concept nbjcct The 
objcct mus! be n;ames of other conccpl objects lhat are difrerence may be lhatthe objcct has anolh• 1 value for a 
available lo !he inlormation usen, in lheir· minds or. property than one specified in the ciO\ed P•r1 ol 1~ 
thruugh sorne uternal mcans. 'cóncept. For examplc, the data ob¡~ct Harry, in Fog 2, 

:. The conetpl objects. clearly, form semantil; srstems '' 'specifies one arm only. Allernatively: lhe object may be 
o\· n~t;..orks beca u-. the property references th;,l lher lacking a property relcrencc allogcther or it mar cooitain 
c~ntain rclcr lo J!lhcr conccpl objects. · propcnr rcferences not conlaineJ in the concepi object. 

The introduction of the "conccpt-data, objccti" mar For \UCh objcct a rdcrence lo a concepl may ,,¡11 be 
be justi(ocd soldr by thc saving ·or mcmorr sp.ce (in u'cd if those (cxceplion) propcrtr refcrenc<> lhal dc•iate 

,, 
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from lhe · concepl slructure or conlenl urc added. For· 
instante the objecl Harry in Fog. 2. may be wrillen 

Harry (pmon; ?; 5.5) arm, qly,;, J. 

To decide wbelher a deviatin¡: data objecl should be 
regarded as as\OCialed witb a concept (wbile supplemen· 
led. witb exception data) or nol, one 'may as.eu lhe 

conl•inin¡: •ulomalic coaccpl formin~ m«h•ni'"" will 
change its sel of coaccpls conlinually. a• ncw 1 •IOI· l 
rnation i~ rcc:civcd. ·- . ~ 

A famous work which is concemcd "·ilh ><>me a'p<CI· 
··oJ concepl chan~es and, hence, ~u.er views- an~ lheir 

imPortante ·is IKuhn(IB)~ Kuhn uses lhe lerm 
"paradi¡:m" in se'veroil ways, somc of whi<h are relaled 
lo effects ol varying infolor;icallconctplu .• l "ul.Cr views". , . 

' . re~ulting data space requircmenL · 
F~r any given set ol data ob)eci>-any given dala Htmltntutks, in/olog1and "um .;..,..,-

ba'lt.,....nd any establi>hed concepl objecl, an algoritbm lnlology and. IS de>ign are concerned "·ilh bow data 
may idenlily all those dala objecls lhal m;¡y. become .may be rel>ied lo lhe world an~ lo inlormation aboul the 
reduccd by relcrring lo lbe .concepl (as .well as those world. Hcrme~eutics is aficld of inquiry whichi> upli· 
b<ing increa>cdi. The lolal saving may lben be com· · citly devoted to how bumoa beings can un~mtand or 
puled. Now this may be repcaled for a _number ol interprete behavior. or tuls such as hi"orical or law 
.;odificd concepl objecls so as lo find tbe concepl objecl tuts, lor i~\lance. 'rhus inlology an~ hcrmeneutics · 
whicb. is most efficienl in reducing mcmory space. 11 is cléarly ha ve· commoiÍ interesls. Hermeneutical work is 
clear thal this procedule will nol llave a unique resull so usually presenled in a verbo!>C and enlan~led prose. This 
thal sorné straleg)' lor choosin¡: one solution out 91 a ... ollcn makes il difficullto know whciher anything can be 
ol equally efficienl solutions will have lo be created. · contributed lo IS desi~n and. indeed, it is IWiurJI to a 

Obviousl¡·, when a number of concepi objccb llave scicntisl to question whcther bcrmcnculical tcxts carry 
becn creatcd onc may apply the same procedure again.to any precise meaning al áll. But once the clase rdation 
crcale conccpb lha! reduce groups of concepls. Thusa belween IS.analysis and bermcnculics is reco~niLcd, it 
bierarcbic concepl slructure will emerBe· The model · bccomes desirable lo seriously look into h<rmeneulic. 
pre,enled may be seen as a passiblc, simplified modcllor Now hernieneulics ilself i> p<rhap• more conccrncd .. ·ilh 
bow human •ie"'s of thc world are dcvcloped. injccting meaning into a tcll (Sinngcbung) Iban wilh 

The concepl of "concepts" based on mcmory savins ulraclin~ mcaning oul of it (Au,lc~ungl. This ol coune, 
onl)·, app~ar> to be soincthing mucb mon: simplistic than implics lhal lhe queSiion about precise meaning become, 
"conccpls" as commonly lhoughl of:·However, severa! somewhal irrclevanL Thus. in rcading h'lmcilcutical 
kno,.·ri characleristics of human conceplions are works onc should lry to see if il is po"ible lo makc 
reflecled,by thc modd, >implelhough it is. Hence h is of. sense out ollhem through uplicil, conslruclive elfo~ 
inlerc~l io look al >Ome >lalcments that may be dcrived . of inlcrprelalion. In any case, il is clcar lhatlhe qucslion 
froin the model: of user world views and dala underslanding may be 

(ll The definilion of a concepl will not be unique, r~gardcd as a hermencutical quc>lion. For lhisrca.on it 
severai concepls may have approximately equal app<ared dcsirable lo try to see if it was po>~ible 10 
efficiency. auach concrete, inlological meaning lo scltclcd seclion> 

(21 Whclher a cerlain objcct should belon~ lo the ol hcrmenculicaltuls and lo try lo find oul whclhcr lhat 
ulcnsion ola cenain concepl or not, is a qucslion whicb · ficld might be U>clulto IS de>ign. This liule >lud)· lumcd. 
may nol havo a unique answcr-hcncc concepl logic outto be rca>Onably successlul (ungclor.(l9)). 
sé:ems lo be lhrcc·valued (lruc, false, not dccidable). 11 is Hcrrneneulics strcsses.the crilical imponance of the 
ol inlcrcsl lo no1ice that Ibis is similar lo lhc answer ~pre·undmlanding" (Vol\'crslindnis) held by lhc >ub­
possibiülics o( itatistical decision theory. jccl. A typical hcrmeneutical vicw is the one (by 

131 Conceph will chango as lhe subjccl will uperience Gadamer! ~·hicb claims that inlerprelation is nol mcrcly 
ne"· rcrceplions. a looking for an objective conlcnl in lhclcll ("hich nuy 
. (41 Di>tincl pc;nons may gcncrale distinct conceptions never have uislcd), nor is it merely ·• loo~ing lor lhe 

nen when lhcy·have the samc Clp<ricnccs. lruc inlenlions or lhe aulhor (which he, him,ell, may nol 
(.1) There i• no fixed scl of prope~ies lhal all in>tancn ha ve becn awarc of). 11 is ralher somelbing "bdon~ing to 

must possess. rathcr, any instance musl bave enoul!h. lhc curren! cvcnl of intcrprelalion" and ol .:,. "bcing-in­
many propcrties in common "'ilb the concepL Jhe.,.·orld~ olthc inlcrprcler: 11 i< cenainl¡ nol ca\y lor 

11 secms li~ely lhalthe'lt five statcmcnts, SUt:!!e>lcd by ·a ,.cienlisl lo allain a Gadamer kind of · bcing·in·lhc· 
lhe Hry ·simple m~cl, would be sliD more rck•·anl the world" and to undcr>land in lhal scnse; hui t..•~ c-.r lhal 
more comrlcxity is added lo lhe model. Hcncc lhe may. be, onc is clcariy conccrned here wilh "u-cr •iews" -
staicment• app<ar lo be gcncrally lrue. AD theS. con- of somo kind. . 
clu>ions are clearly con>Í>Icnl wilh upcrience and thus For a more p<nclraling di<eu,.ion lel's pie~ up7oolher 
this upcricncc ma)· he e•rlained by lhc simple assump- piece ol hermeneuticaltcll and try lo anach inlologi.:al 
IÍ•>n ola slorage economy crilcri<ln. 11 scems abo citar meaning lo il tl..angclo~>(l9)1. The tcxl is lrom 
lhat thi• m~cl -&ives a lot of gui~ancc for lhc con- (Apcii:!O)I (my lran,lalion lrom' Gernian~ 
•idcralion of u~r view!i and Ustr c~ncrrtion1 in IS "A lanJ:,:ua~t·hc:rmc:nculical an:tly"i~ a~"umC.s lh.al 1he 
dC'si&n and ortration. lt i~ ":"rth notiC'in~.- C'"i~C'~tl1y.lhc: undcr~landable hunian ~h:1vior rt~ron_,,, c~•nt;tin. 
indi\'o,lion nf canccrl v:arÍ;tlillR \\·ilt( limt lhal -hoa~ tu be lhemM:Ivc~ lht. pwpcrty ,,( undcr,l;mdin¡.:. "'=int. on 
rccLuned wilh. accouling lo· ·lht modcl. Any ~)-,lcm thcy are, l;m¡:u;.•I!C rcblr~. inlcnti~JnJI im.1¡;n. lp 1 ~ 
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analy,js has lo conclu~e lhal lhe worl~ lnowle~~e 
IW<Il~alenl, a¡:ain'l which lhe behavior is llÍ be 
undeulood, · mu'l il>tll be un~mlood a¡:ainsl lhe 
un~cl\l:mdin~ ol lhis .ame behavior". 

Tbi< pie« ol 1c11 may, pcrhaps, be walering lhc moulh 
or a · rrcursion·lovin# compuler scicntist but lo .. un-· 
~un~lc" lhi• spa~hclli phmclogy ~ocs nol appcar 10 be 
0.-y. ilullhis is whal shoul~ be lricd • 

To bring lhe problem wilhin lhe gr.sp of infology we 
,..y. si.~ bY muming lhe simrlcsl po .. iblc ca .. whcn 
1hc human behavior 10 be un~erllood i• a single c·facl 
1an "clcmcnlary tvcnl" in lhis c.sc) 50 lhal lhc undcr· 
<bouling would give ri>t loan e·mcssa,e f· The obscrved 
t-ch~vior m• Y now be regarded as lhe dala é rerrncnling 
lhc c·mcssage f. Wc may now pul down lhc infologicaJ 
equalion 

c•Ke,S,I) 
• . ! 

which say• lhal lhe informalion (undeulandingl e will be 
obuine41hrough a rroceu ~e. S,l) which works on lhc 
dala e, and em'ploys llie prc-undeulanding S during a 
period of lime l. Now, once lhe knowledge f has been 
~cncraled, lhe pre·undcnlanding by lhe subjcCI may 
change lo S' • S+ f. This •ymbolizalion is, or course, 
mcrely lo be undcrslood in an inluilive scnse bu1 il is nol 
hard lo imagine how il could cven be mndelled in a 
compule.r. and lhu• be made very conc:rcle and formal. 

Wc are now)ed lo lhe ncw equalion 

c'~ire.s+c,ll 

. which indicaln lhal lhe knowled~e c'-which is. 
gciíeralcd by a reilcralion of lhe •ame p~<>c:ess (i) from 
lhe''saine obscrvalion (l) bul wilh lhe ncw .knowledge 
background (S+ c~mighl bC dilrerenl from c. This cor· 
rnpcinds, possibly, lo lhe IUI • ... musl ilsell. be undcr· 
slood. againsl lhc undmlanding of lhis same behavior". 
However, if we imagine a compuler slmulalion of lhe 
equalion e.; i(i, S, l~which we do in order lo lry lo test 
our undcnlanding in a concreu way-thcn we would 
lhink' or S as being reprcscnled by a nelwork dab 
Slruclure, S (c.r. a semanlic nclwork), and lhe un~cv 
Slanding proccu (i) would cslabli•h an inl<gralion ol· l 
wilh S. Thus e woul~ be reprcscnled lhrough S+ l. Then 
il would be naiUrallo a compuler scienlisllo a .. ume lhal 
lhc inodel would be <uch Íhal lhc repelilion ol lhc 
rrocess (i): fe i(l. S H, 1) would change nolhing al all: 
lhal is he mighla\<Ume i(i,S,I)ai(é,SH,I). Howcvcr, 
il is casy lo conceivc -or a change of lhe abo ve modcl. In 
lacl, lhc cqualion ilself suggesb a more complex mndel 

· becau ... lhe eflcCI ol lime lor inlcrprclalion Ul ou~hl lo 
be 'rcprescnled :.ho. A mndifit:~lion which \u~ge'l' il-clf 
is la. ~e S lo be s

1
lorcd on an auxiliary slore an~ lo· 

· ~ scarched by lhc p~ocess (i) which · brinc• rclev:.nl 
parls of il inlo main mcmory (corrc•ron~ing lo arcas of 
higlier awarenc.s in lhe ~uman mcmory). Thú,, lhc.lime 
con>lrainl (1) will' re<lrict lhc lime allowc~ lar •caich in 
Ú1c bacling slorc. In lhi• ,;odifiw mo~cllhe parl of S+ l 
lhill re>idcs in main memory may well be ~i,lincl from 
(and more powerful lhan) lhal which re>uhc~ in lhc fir,.¡ 

. ClCCUiion of m. COIR\ron~ingl¡·. f' ~··uiJ t.: ,¡;,; .. ,, 
from e ~nd wouhJ be 3~MK"iatcd with a -.cm.mh¡; 01!1\.h\(l, 

more powÚfulth;.¡n the prc•.-Klu!\ tlOC with rc .. p~.·.:t h' thl.!' 
undcrslandin~ ol f. Now, clcarly, lhc nh>JiticJ n~>>Jcl 

. dot' t'CinJirurl !\Cnst lO thc' riccc ,,r ltll h)" Apc.·l th~ll "" ( 
are discussin~ though it is dou~Hul v.·h~.·thcr thi~ úlO• 

slructcd mcanin~ w:u inhmJcJ by th< ~u1h<11 L\f'Cit 
Nevcrthclcs!t, our hcrmcnutic;¡,l eun:i .. c .JPP<·m" 10 l'w\C 

bccn quite succc!iidul in t!Cncratin~ ~omc ~.J.:cpcr unJcr· 
~tandinc (a~ \\'CII ;as su~C'ilint: s.omc intcrc);tin~ rc .. c;¡r¡;h 
ol an arlificial inl<lli&encc lind). 

Thc phenon1enon that \\'C havc jusi dj .. ,u,,cJ i~. in­
cidcnlally, a simple c~amplc o( wh·\1 is sunu:timr:, rdtl· 
red lo a> lhc "hmlltntulira/ rirclt". 

The inlcrprclalion expcrimcnls made abuvc inJi,·•lc. 
lhrough lhcir po•ilive rcsuhs. lhal' hcrmcnculi<.d lc.\ls 
should be l!h·cn ~omc utcnsivc 11ut.lics l'ly infl'rm.ltiun 

. analysls. The aulhors of •uch lcxls may nol be aimin~ al 
a vcry concrclc, cnginccring ·1¡·pe ol undcr,unJin~. 

. Nevcrlhclcss, such a concrete unJ(r!ilanJin~ 'ol..t\ cJ .. il~ 

possiblc 10 rcach in lhc ahovc intcrprclation c\r~·ri· 

mcnl\. Furthermore, lhis bec•m< postíblc lhrou~h u· 
plicil h_crm~nculical elrorls of con•lruelin~ mc•nm~ 1h.1l¡ 
drd fil IR lh!S allcmpl; The ouleome ol lhe el! M• ~ •• a 
decpcr undcrsl:mding ol lhc procc<s ol inlerprcl•l"'n. 11 
sccms rc~soru~blc lo cxpc~tthat whcn thc ,m.sll t\lt:.&~h 
of hcrmcnutical tcx.ts. U!icd in thc UpC"rimcnt:ro. IUrntJ 
ou11o be quilc helplul. more u..Ciullno~·I<Jgt ,h,>uiJ bc 
obtaincd from more cxtcnsivc studic\. Bc(~u .. c hcr· 

· menutics is vcry much a mitllcr of "vic"' ~·· of :~uthor, 
and lhcir rca~trs il appears 10 be polcnliall' •J••n· 
taacous for more utcnsivc \tuJic!i or "u\cr \·.ic"", .. oh 
rclalcd lo lhe ""' or d>la in informalion 'l'lcm,. 

Proctu·orirnttd ritM'J on dala and rutr dt~t'J mz J&~la 
ll was poinl<d oul in ll.angclor>ll]. Scclion ~~~.~llhal 

il is advisable lo 
"make u<e ol lhc lacl lhal lhe record is uniq"cll 
defincd lo IOmt Wtlll hy /ilt and lo ¡omt Wtr.l ~." tht 

aclual proccss. Thu~ one should have.a ba•ir rtwrd 
dtsaiption ~·hich is defined by lhe file an~ •• •d· 
dilional Slruclur&l d.-criplion ~ hich a~~' .... lo 1t.c · 
ba\iC record dc,cription. Onl)· lhe l:11ttr ~ ouiJ lhtn 
ha\IC lo be dcfined for thc proch\'". 

This idea w:u also lorwarded in 101lel2511 and hu 
much more rcccnlly bcen lalen up in lhe d•l• b.o-e 
managcmenl ~)'!'11cms \lo·ork. For in,t.ancc lhc "b""'ic 
record descriplion" conccpl in fl.angdol\13)1 i, 'el}· 
clo>cly rclaled fil nol i~<nlicall lo lhc "phy,ical ,lru;:. 
lure" or lo lhe "slorage schcma" ol lhe CODASYL 
DATA DESCRIPTION LAI'GUAGE COM\IInEE 
19'78 1Melaxidesl21]1 and olhcr CODASYl rcporl\ durinB 
lhc 19'70s. Likcwi,c, lhere i• a clear "'cmbl.nce bc· 

·awecn lhc .. addilion¡¡J, ,.lruclunll dc\criplh•n", mcniionCd 
•bove, on~ "logic-•1 •truelurc'' or lhc ··,chema" r.nd Íhé 
•ub,chema•l ol CODASYL An allcrnali'c lcrm 11i 
'\Ub\Chem•", propo,cd by IANSI/SPARCilliJ ¡, lhe 
"exlernal .chema" an~ lhe a"ocialcd "exlern•lle>el" ol 
lhe dala ba\c archileelute. In the ANSI/SPMiC lcr· 
minology ,1·he "b:J,ic record dc,criplion". mcnlioncd· . 
above,corrc>pOn~\ lo lhc "inlcrnallcvcr;.,The "c\lcrn.d ·'1' 
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level" is ,..id lo be conc:erned wilh "individual uur 
view\' 1Dale(22(J, 11 is lo be noliccd lhal onc is, herc, 
concerned wilh U!<CI' views· of lhe dala .ru.,e, nol wilh 
U\cr world vicws or infolopiC'•I u.c:r vicws thouph, un· 
forlu,..Jely,lhi•. disJinclion i' usually nollllllde clcar. 

The comínon use of lhe lcrm "user vicw" in ·lhc dala 
ba'e ·JileraluÍe ·employs lhc idea lhal lhe dala base is 
modclliog parl oC lhc world and lhal an individual· user 
•••' only a .ubpall of lhis parl of lhe wortd. Con­
'equenily, ihc u'er .. ould onljl "scc" • p3tl of the dala 
ba\e \UCh ihat Of aiJ iht dala •boUI 11 rcaJ•WOrJd enlily0 
conlain<d in lhc daia ba.c, at{ individual u.c:r will only 

· sce • subscl of lhc d;la t.. se objccls atid only a subsel of 
1he propclli<> of each ul lhcse objects. Tbi> may suggcsl 
thc 1erni "uscr view". Howevcr, il >ccms importan! lo 
recognizc lhal lhis is only a very >pccial a\pcct oflhe 
u•er's view of lhe world; 11 ignores enlircly lhe io­
iologicaJ insiphl thal lhe informalion-which lhe ·uscrs 
may oblain from the dala-is totally dependen! oq lhc 
pener•l "scmantic hackjround" of lhe uscis, as we havc 
•con. 11 takes lar J:tanled thal if di>tincl pcople ore· 
conctrned wilh distinct parts of lhe world lhen cach of 
them would be served by obtaining !hose data from lhe 
dala base lhal are .associaled (by. somebody,,else) wilh 
IIÍo>e palls of lhe world. 

The way lhe lerm "uscr vicw" is employcd in recenl 
data . base lileralure. may be further mustrated by 
presentins some quolalions from Datc(22)."The externa! 
.chema defines lhe user's view ol the data base". The 
dala Oricnlillion-ralhcr than inrormalion orienlalion-41 
lhis conccplion of "user view" is further cxhibited by the 
following two quotes from 1Me(22(. "Supposc lhat lhe ·. 
uscr , ... nls to sce the >ame information u in the 
PARTLOC cxample, but in the form of a. hierarchy 
rather lhan a rclalion" (p. 182). "For inslance, in lhe 
conceptual schema we may have 

1 

OOMAIN WEIGHT NUMER/C (4) 

whereas lhe corresponding domain in an cxtemal schema 
lo be used in a PUl application may be defincd as 

OOMAIN WEIGHT, FIXED BINAR Y (14)", 

[1 is clear lhallhe "uscr's view or lhe dala base" whicb is 
.thoughl of in lhcse pieces of texl-and severa) similar 
onc• in dala ha•e lilc.ralurc-is very differenl from whal 
the 1crm "uscr view" would '"""'' from an infological 
pcropcctive. . ,. 

In Codd (lO) there is anothcr illustralion of lhe data 
oricnled way in which "vicws or lhe data" are in facl 
lrcatcd in ·dala b.sc works: "For applicalion programs 
lhal ·do more Iban m<rcly rcad lhe dala, lhere are 
lhoorclicallimilations which musl be observcd if lhe dala 
base into~ty (including consislcney of all permillcd 
\'Ícwd ;, lo be mainlaincd", As wc. shall scc, the 
"lhcurcticallimilatiuns" considercd are mercly lhusc of 
a rurcly formal Und. No lhcorclical. limilalions of a 
psycho-lin~uislic-conccplualloi infolo~ical) lind are, al 
all. ínciuioned. futlh<rmorc, il sccmslo be a"umed lhal 
":tll pcrmillcd views" could be consi.tenL This is a· v.ry 

•trong slalc;,.enl lo make. And our prescnt discu .. ion 
indiculn lhul il k nol tenáble. 

·In lhe illuslr•lion Codd as.umco lhal "lhe communily 
schema" conlains the relations RIA. Bl and S(B, C), whicb 
Ul a Certain momcnl have lhe tubuJations: •. . 

RIAB) 
SI· 
11 and 

S(BC) 
lu, ,, ·- . 

and lhal a uscr rcque•ls lhe iChema TIA. B. cr where·T 
is the. naturaJ jo in of R with S oo' tbe common ·allribute 
B. The labulalion.of T bccomcs: · 

··.' 

T(ABCl 
slu 
sJv 
llu 
llv 

Now lhe assumption ,is made ·1bal lhe uur wanla 10 
delelc lhc triple (l,J, v)'and il is poititcd OUllhal if hC WU 

allowed lO do Ibis T \\1luld Í:hangc 10 a relation thal is 
nol the join of Dni two relations. 

Clearty~ therc is an implied assurnption hcre thal lbc 
user is concemed with ·how thc data are slorcd:...or how 

. they mighi be conccived of as being storcd •. This may be 
importan! lO a Uscr who Íl an appJication propt•mmcr. 
From an infólogical poinl-of·view .the problem illustntcd 
would be iric'levanl (similarly lo lhe abovc illustnlion 
from Date(22). From lhe infological pcrspcclive the dala 

· .lc·rccords) in thc data base are thoughl oras npnsmting 
informalion enlilies (elemenlary mcssages) lhal are U.. 
slanccs of elemenlary informalion 'kindl (e-c:onccpls~ 

· Thc user expccls the dala base lo contain c-rccords of 
many di•lincl kinds and thal he wm oblain a propcr 

. sclection of them on requcsl. He docs nol rcquiie lbal 
·lhe other dala (e-rccordsl appcar as non-cxislenl and he 
wanlslo disregard lhe way the dala are aggrcgaled (inlo 
n-ary rclations or hicrarchics or whatevéi~ iñus. ror 
inllancc thi: rclalions R.( A, B) and S(B, C) might be · 
reprcscnlations of,e-c:oncepts aÍUithe (infological) uscr 
would cxpcclthe mana~cmenl of lhcsc lo be unalfcc:tcd 
.by lhe rcqucst of some (othcrl uscr lo be anowcd 10 
rorset a ccnain luple (such as t,l, v) ora combination of 

· e-ieeords. Furthermore, if lhe user wanls lhe tuplc 
·(1, ~ v) h;c wouldn'l_carc "'hclhcr this is a luple loum T or 

· is combined frcim c·rccords. from R and S. He ¡orobably 
· also would nol wunt lo lcarn aboul lhe name T and the 

contenl of T. On 'the olher hand, th~ 'prQblcrns.discuiSÓd-
· in lhe illustration are real problcnis allhe stage wbcn lite 

"implemcnlalion" is aboul lo be de•igned. · . 
11 may be of inleresl lo loo k .also on an cxamplc of 

how, in lhe •lructured·programming literalurc, lhc 
. "problem environmenl and .... our undcr~landing or ~· is 
rcgarded as dcfining the •tructurc or the dala whilc, lhcft., 
a particular procening •liucturc is defincd (Juckson(2lll,. 
We quotc: · 

"(i) consider lhe problent cnvironmcnl and record our 
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lnloloP<.S IIIOIIch and inl~~ ... ,;.,. """' vi.w. • )J 

unJtr•l•ndin~ c¡l il by dcfinin~ lllruciUrn lor lhe . in the. ~ala base •hould he ava~aNc lo all ''lc~l" usc,.. 
J•t• tu .bo: P""'""'"; .To lhts end all dato ohoulu he adaptcu lo ..-hal " usually 

liil rorin • p'ro¡:ram lltU.clurc ba'itd ·on. lhe dala ·••lled a ··commun~y vicw". Accurdin~ tu r.:~cnl dolll 
\ltuclures"; . . • baw= ~rilin¡:'¡; lhc dala·. adminislrat<>r is ~urpuscd to 

11 . oprcau tbal' lhe undmtanüi~ ol the problem . dtfine this coinmunity vicw. Thi~ is lo .be Jo~c by mcono 
<RI j¡1mm<nl mentioncd, i< rclatcJ ~~ th~ ~ola base ltxt'l.. O( lht COn<tplt~ahthtmo l!bat_&s lht tn(i\J.>~ICOI m<";;dl; 
~oncctÍh ol "u ser view•·· Thtn, wtir~ •1 " su~~ested to Thc~ each partiCUlar user vrew ts ~"umcd to be ;'CI\'t~ed, 
lorrit a rro~am structur.: bascd on th' data •tructure. by a subsct ol lhe data. lhat IS arran&ed . wtth con­
thi' indicates thal lhc author has already imposed some sideiation lo lhc. rroceuing panem U<\Umed lo be ilsso-

.• -•'"•u~hb aboul.a specific procel5ing tasl upon bis "Jota · ciatcd "'ilh thc particular u<er view. Thi< data sub~tanü 
-"'"tuic. ". Out such a slructure may nol ·ni all be · arran~<menl is supposed lo be dcclared by a~ extcmal 

inhcreni in the structure olthc inlormation (or the reality ... s.chemo. pitsumcdto modclthe partkul.r uscr vie"·· All 
·rrprt\tnled by thc data~ For. inslancotcords on store· ~ata in lhc dala bo•e lhal are not withiu the scope ol ao · 
in•wcmenb are INm one pointo(lf·view inJcpcndcnl of extcrn.J schrma · aic· assumed to be lnl'isiblc-inJecd 
uch olhrr; euch represen!< an individual evtnl oC issuing noti-exi•l.enl--40 the particular uscrs assodatcd with the 
,1r.r<ceiving a set ol parts. When il i< decided lo sortthe. rorlicular externa! r.chema. · : . · . . · 
rtcords into part·númber arder anü lo comrutc dislincf The inlolo¡:ical lor conceptual) ••pccls al. datm · and · 
,ummaries, this · means to Impo>c up<in the dala 1orite Inlormation-as weU u ol "uscr vitws" -4hat has ~~~ 
,¡ructurc which rcftecls whal one wishcs to ~o wilh the discussed in this ai1icle.-imply .ome·lundamcntal dis­
Jota •. 11 is then not surpri•ing thalthis impo•cd. process· a¡reement with lhc currenl dala ba•e thoory :Íspect tor. 
orirnted, ·structure ól 'th• data can be uscd lo detCrmine · "datalogical aspcc:t") ol uscr vicws, community vit..· and 
the struc:ture ol the progr~m for this'spccifit applicalion. cxternal schema. Below four aspcc:ts are describcd! . 
But, thc· same dala may be proce5'ed lor anolher,prob, . (1) 11 the data 10 be used by a panicular um hau 
l<m ahcr imposing quite anolhcr >truclure. Clearly,thesc · bcen modificd in order to be consislent "·ith some kiod · 
•trÜctures are not inherent in the inlormation represen- . ol "communily view", they may be unintelligible to the 
ted by' the dota, or in the reality inlormed about. In lact, users, no ·maller whal data selcclion and reamngement 
the typical uamples olthe use of the basic structural is brought. about by the use olthe. externa! schema. In 
catc~orics: sequence, iti:ration and selection reftect othei words, 11 mo1 bt impossiblt lo nrou .somt doro 
Jcéisions on how lo navigate across some data in arder •s/Urreoblt". ' . 
•~ s,~lvc some specific problcm and they have liule lo do (2) The user's viewof data depcnds on his view ofthc 

. •·ith lhe inlological slructure underlying the data them- world •. To such a ~iew one or more seis. ol data ma)'l'C 
:..:lvcs. Thus the view ol lhe data and their relation• 10 adapled. Thc uscr may then wanl to u.e the same data 
reality is rathcr distinct lrom lhe inlological'(or concep- lor the solution ol distincltasks. Bostd on tht somt rlli.• 
tual view) .. 11 scems, ralher, clo•ely related lo the"user a/ tht doto he may thus wanlto procm thcm in distinct 
view ol lhe data" as the lerm is empli)yed in the data "'liYI and. for thal reason, he may ·wantto arrange them 
hase .literaturc. lt appcars thal the siructured-program- differently. This may call for .distinct utemals schtmas 
ming would become more systematic-morc struc- thal, however, have to be based on the <ame user \Íew.' 
tured-if one would define the inlological structures, Tht lnit¡pretalion oj somt data must al~·ays bt. bastd 011 · 

independently ol the intended procming first. belore lht samt (inlological/conceptuall ustr riti.·....;tht t•lt•· jor 
rrocecding lo lhe design olthe processingo(lriented data •·illch tht dala hart bttn. dtsigntd. But these dal.l ·may 
•trutlureo that one docs'nol slarl wilh. be reairangcd -lar processing reasons and the application · 

A more ccnerul .3nd abstruct processo(lriented view ol programiner may view lhe data from the proce<Sin~ point 
· -···- the inlormalion structure (lhus nol mertly lhe dala ol view •. Thus, lhc programmtr may vie"' the d~l:l aC.· 

'lructurel.was developed in l.angelors[I,3J.Inlormation coriling to how thcy are to be proce"ed-rather than 
prcc~dence rclations were analyzed by .. identilying thc according 10 whatthcy mean, Butthe data must.aiway~ 
inlormolion unils (preccdcnl<) that may be uscd lo derive mean the samc wh~e dislinct in! trence~ are druwn lrom 
s¡iccified inlormation units. This. precedencc 11ruc1ure thcm in dislinct tipplications . 
. was used both in ordér lo making the information needs (3) The idea of,ant community view, declmd by on1 
analysis 5yslem3lic 3nd to· finding thc record and file conceptual or inlological schema has lo be replaccd,by a 
. consolidations and procC.s groupin~s .lhal would be system ol conceptual (or inlologicall \Cheritas. One or 
efficienl .lrom· lh,c dala tr~nsport (access &. ·iran<ler) moré ·of lhe.e schcmas, inloiOBÍCal/conceplual subo 
J>Oinlo(lf·view.·Thus dala design nnd program design was schemas, may de-cribe sutb inlorm111ion •• has beetl 
olso made •>'•tcmatic by inlormation prccedencc analy·. po"ible lo esl:lblish as "community" inlormalion. This 
sis, .. lnlorníaíion precedence grapbs, coQienl ~aphs cannol be decide~ by the "data base administrator~. lt 
(tompone~t graphs) as well as lisl5 and matrices were mu•t be delermincd through lcaming and negotiatioll 
U\Cd 3S lools'for destribing lhe informaiÍOn precedente umong lhe relevan! Usen •. Some Olhcr Ín(olo~icai/COIJo 
slructure. ceptual subl.chemas may de~crit>. inlormalion that can . 

-· ( 

COI>CUJ.<;tON 

For some yean lhe author's ideas ol information sy.­
lems ~r ·:large sharcd dala b;¡.scs" ha ve becn that all dala 

IS v~~.,. Hd 1-c· 

be shared by distinct user groups bul that rcquires di.- · 
tincl lrameso(ll·rclcrence lor dislincl u.er groups. This 
a»umes thal thc usen ha ve Mdistincl' buÍ rcconcUablc" · 
inlological vicws. · The implication here ~ lhal di,tinct 
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32 B.LANG-

U\Cf\ wDI rcquire diJIÚI~I dala !O oblllin lhc same in- 191 N. L,.,., IEd.): N,.. Hori:Diu lo U..:uisliCI. Prn~ .. in '-'• .., • ., 
lorm11iun lúpprol•imalclyl. This i•lhe CU\C o( "•hlreuble Nrw York 11970~ . . • 
inlo'rmalion" hui· non·•harcuble dala. Finally lherc will 11°1 E. F. 'C'odd: Rcunl iov.,.liptiom ia rrl"lion.d d•l• "''" 

• . . . . • •Y~rm<. ln/utmQiow PfiJtminl 7~ flfll' C••ll· 1974, · 
. be lnlolo~ICul/conccplual •ub.chcmas dcCJ:uiiiJ u.cr SICN:Lholm~ Nooh H.U.nd. Aat>~crd.mJ 1Y7~~ · 
'vicws lhaiiiiC irrccon,iluhlc •nd lhal, hence, corrupond···fiJI B. w;rton: lntrodu1tlnn riU /ofomt41;,,.,.~,·h4ndlinriiD-
Io non·sharcablc dato.' .. . . . . uotlll<lion lO lnlormolic .. SIOrdillt~ ""'·"' och K•llui, 

14¡ The hypolhe>is.;..rorwardcd above-thullhere wlll Slotkbolm Swrdcn. 1961. · · . 
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lntroduction 

Tbe Changing Environment 

The rapidly changing economic environment and the 
constan! need !or businesses to adjust quickly to it 
make it necessary for executive management to have 
up-to-date information available at al! times, so that 
through meaningful analyses and resource allocation 
tradeofh they can mariage their businesses more 
effectively. With organization-wide availability of 
information, strategies .can be improved, decisions made 
more soundly, and operations performed more effi­
ciently. 

From Operation lo Management Control 

Data processing iS in transition. Until comparatively 
recently, most businesses considered it a service 
function and used it to support single-operation units or 
locations. In the last two decades applications have 
been developed independently, with very little regard 
for the support they could give other functions and for 
the information they could supply fo' management 
control. Functional autonmny has been the rule. ThiS 
has resulted in fractioÓalized and redundan! data files 
and in the inaccessibility of data from the many opera­
tional applications installed in the various functions. 

Toda y, however, businesses are recognizing data more 
and more as a resource that iS as importan! as person­
nel, cash, facilities, or materials. They see the need to 
consolidate the key data files and make information 
available not just to individual functions or departments 
but throughout the business, in order for management 
to gain an overall view of the business' and be able to 
make multifunctional decisions. 

Many companies have recognized the need for 
company-wide information systems but have been 
unable to develop them for one or more of the follow­
ing reasons: 

• Failing to obtain executive commitment and 
inv•~lveinent 

• Establishing objectives and strategies that were not 
in line with their overall business objectives 

• Attempting to implement information systems 
without first understanding the business from 
general management's viewpoint 

1 

• Setting out to implement totally new company-wide 
information systems ra¡her than a comprehensive 
plan evolving from current systems 

• Failing to put in place those information resource 
management functions rec¡uired to adequately 
manage the inf ormation resources 

A JuStified Approach 

In an article entitled "Blueprint for MIS, "t Dr. W"illiam 
Zani states, "Traditionally, management information 
systems have not really been designed at al!. They have 
been spun off as by-products while improving exiSting 
systems within a company. No too! has proved so 
disappointing in use. I trace thiS disappointment to the 
fact that most management information systems have 
been developed in the "bottom-up" fashion- an 
effective system, under normal conditions, can on!y be 
bom of a carefully planned, rational design that looks · 
down from the top, the natural vantage point of the 
managers who will use it." 

In most instances the current operational systems have 
been justified and have been performing effectively for 
their specific intent, even though their mainténance and 
interfaces may have become unmanageable. An 
information system plan should allow a modular 
approach to implementation, providing confidence that 

· each modulewill fit and'function properly to forman 
integrated system and will interface properly with the 
present operational systems. The plan should also 

· allow for better decisions conceming the efficient and 
.effective commitrnent of information systems develop­

.· ment resources. With such a plan, the required infor-

. mation can be more readily obtained. 

Business Systems Planning (BSP) is geared to help 
provide such a plan through: 

• A top-down approach to ( l) getting people com-
. mitted and involved (starting with top management 

and working down through the organízation) and. 
(2) studying the business (working from the overall 
to the detaillevel) 

• A bottom-up approach to implementation 

• Use of a structured methodology proveo in hun-
dreds of studies · 

--··------
1 Harwud Bcuinn1 Rnllrw, NovembertDeccmber. 1970 
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• The translation or business objectives into informa­
tion requirements 

The effectiveness of the BSP methodology can be 
attributed to two components: 

• The fundamental principies and concepts- the 
unvarying ideas and logic that form the basis for 
BSP, including the standards upon which the proce-
dures are based · 

• The sequenced activities, techniques, disciplines, · 
time, output, planning, tearn composition, etc., 
established lo fill a particular organization 's need 
and situation (although consisten! with BSP's ba5ic 
principies and concepts, the procedures are flexible 
and vary with .!he particular environmeot) 

Origin of mM's Business Systems Planning 

Function 

Learning from its· own mistakes and !hose of other 
companies that attempted lo implemeotlarge informa­
tion systems in the 1960s, IBM realized that a disci­
plined approach was required, using proveo principies 
and methodologies. In 1966 a busioess-wide Ioforma­
tion Systems Control and Planning Department was 
established at IBM's Data Processing Group headquar­
ters. The Data Processing Group was a total business 
unit comprising the engineering, manufacturing, 
marketing, and service divisions responsible for all of 
JBM's domestic data processing business. 

Until the control and planning department was estab­
lished, mM had little overaU direction in the intemal use 
of computers. 1n fact, little coordinatioo took place 
between divisions; most data 'processing activities were 
coofined to locations and unit~ within divisioos. Con8e­
quently, each manufacturiog plan! and marketing 
region developed and operated its own system. Al­
though the individual systems carried out similar 
functions, they differed in design and peñormance; 
they could not be used interchangeably and could oot 
communicate with each other. · 

The result was a redundaocy of data aod excessive use 
of the data processing resources required to develop 
and maiotain such systems. Even with this large 
expenditure of resources by each divisioo, the systems 
were mainly satisfying the local departmeot needs of 
the brisiness, rather !hao doing an overaU data process­
ing job. 

Wheo steps were taken lo improve the data processing 
within a division (for example, development of a 
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i:onsolidated order entry system within the marketing 
division), little serious atteotion was given to an 
effective int~ñace of that system with input from 
engineering and output lo manufacturing. The business 
was not getting the retum on investmeot from data 
proéessing that it could have because the information 
oeeds of the business, and particularly those of the 
general manager responsible for the business, were oot 
bCing accommodated .. 

The first effort of the control aod planning department 
\vas to inveotory and profi!e the systems existing within 
the business and the plans for the future. At the same 
time, recogoizing that the data processing effort must 
be directed toward satisfying business needs aod oot 
solely toward individual functions and departmeots, the 
control and planning departmeot established a set of 
information system strategies covering five major areas: 

l. Fixed data responsibility 

2. Single source aod parallel distribution of data 

3. Central control and planning of informatioo 
systems 

4. Organizational independeoce of data 

S. Resource sharing of data, equipmeot, aod 
communications 

w'ith the knowledge of what was being done with data 
.processing, aod the directioo established through the set 
of strategies, the departmeot defined an integrated set · 
of informatioo systems and assigned responsibilities for 
the developmeot of the systems. These systems 
addressed the operatiooal, functional, and general 
managemeot oeeds for informatioo. 

As the definitioo and design efforts for this business­
wide set of informatioo systems got under way in the 
late 1960s many of IBM's customers showed interest in 
learning how they might better manage their informa­
tino system resources. In an eff ort to assist these 
interested customers, mM established the Business 
Systems Planning (BSP) program in 1970. 

To conduct the prograrn, tbe oucleus of the control and 
planning departmeot that developed the intemal 
informatioo systems plan was transferred to the Data' 
Processing Divisioo beadquarters. This group.proceed­
ed to documeot proveo inethodologies and inStitute a 
training prograrn to educate regional and brancb office 
personnel and customers in the approach. Executive 
briefings and serninars were established to sbow 
customer executives the potential benefits of the 



approach and the reasons why their involvement was 
vital to successful implementation of information 
systems. 

· The methods used in developing this information 
systems plan and the lessons leamed have since been 
u.,ed by many mM customers. Application of BSP 

· methodology has helped them to formulate their · 
information system plans and control mechanisms and 
to improve their \!Se of information and data processing 
resources Studies using the BSP methodology il!ld 
guldelines have bcen condui::ted successfully by profit 
and nonpi"ofit organizations, of varying size, in many 
industries. 

Objectives and Potential Benefits of BSP 

Witha reasonable aniount of planning and control, the 
user of this BSP approach should be able to attain its 
objectives and realize its potential benefits: · 

Objectives 

The first and most importan! objective of BSP is to 
provide an information systems plan. that supports the · 
business's short- and long-term information needs and 
is integral with the business plan. There are other 
objectives that help to justify and clarify the approach: · 

l. Provide a foimal, objective method for manage­
ment to establish information systems priorities 
without regard to provincial.interests. 

2. Providdor the development of systems that have a 
long life, protecting the systems investment, ·be­
cause these systems are based upon t!le business 
processes that are generally unaffected by organi­
zational changes. 

3. Provide that the data processing resources are 
managed for the most efficient and effective 

. support .of the business goals. 

4. Increase executive confidence that high-return, 
majur information systems will be produced. 

S. lmprove relationships between the information 
systems 'department and users by providing for 
systems that are responsive to user requirements 
and priorities. 

6. Identüy data as a corporate resource that should be 
planned, managed, and controlled in order to be 
used effectively by everyone. 

Figure hhows the overall flow of BSP and relates thc 
BSP study to the activities that follow. This relationship 
is expanded upon in Chapter 16, with an explanation of 
the follow-on activities. 

Siep · Output 

Evaluatlon of BSP 

Executive 
commitment 

Preparation for 
BSP study 

BSP study 

Analysis 
Scope of study 

Objectives 
Team leader 
Study team 

Education 
Work plan 
Business fac:ts 

Business requirementl 
lnformatlon architecturo 
Archltectural prlorltios 
lnfonriatlon resource manegement 

------------
Follow-on 
projectr 

Rttsource plan• 
Prioricy systeml 
lnformation resourcs mansgement 

Flgunll. Reladooshlp ol BSP study to loOow-Oilacdvldes 

. Potentia/ Benefits 

Application of the approach and methodology con­
tainéd in this planning guide offers many potential 
benefits to three management groups: 

To executive management: 
1 

• An evaluation of the effectiveness of cUrrent 
information systems . 

• 

• 

• 

A defined, logical approach to aid in solving 
management control probte.ms from a· business 
perspective . 

An assessment of future information system needs 
based on,business-related impacts and priorities 

A planned·approach ibat will allow an early return 
on the company's information systems investmer 

lnuoduction 3 
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• Information systems that are relatively independent 
of organization structure 

• Confidence that information system direction and 
adequatc management attention exist to implement 
the proposed systems 

To functioMI and operatioMI mDMgement: 

• A defined, logical approach to aid in solving 
management control and operational control . 
problems 

• Consisten! data to be used and shared by all users 

• Top management involvement to establish organi­
zational objectives and direction, as weU as agreed­
upon system priorities 

• Systems that are management and user orieoted · 
rather than data processing oriented 

4 

To informDtion S)"tems mDMgement: 

• Top managemeot commuoication and awareness 

• A better long-range planning base for data process­
ing resources and funding 

• Personoel better trained aod more experienced in 
planoing data processing to respond to business. 
needs 

• User involvement in information systems ptiority 
setting 

The plan that resulta from a BSP study sbould not be 
considered uncbangeable; it simply represents tbe best 
tbinking at a certain point in time. Thc real value of tbe 
BSP approach is that it offers tbe opponuoity to (1) 
create ao environment and ao initial plan of actioo that 
can enable a business to react to future changes in 
priorities and direction without radical disruptioo! in 
systems design, and (2) define an information'áystem 
function to cootinue tbe planoing process. 



Cbapter 1. BSP Concepts 

Business Systems Plamting is most often thought of as a 
structured appro.ach or methodology. 1bis methodolo­
gy, however, is based u pon so me fundamental concepts, 
a good understanding of which can give the BSP study 
team members: 

l. A better appreciation of the "why's" of the 
methodology 

2. lmproved confidence·in applying variations to meet 
specific situations 

3. A better background wlth which to communicate 
the objectives and eventualrecommendations to 
senior management 

The premise for conducting a BSP study is that there 
exists within the organization a need for significantly 
improved computer-based information systems (1/S) 
and a need for an overall strategy to attain them. BSP is 
concemed wlth how these informatioó systems should 
be structured, integrated, and implemented over the 
long term. The basic concepts of BSP can be related to 
the long-term .objectives for 1/S in an organization. 

o An 1/S must support the goals and objectives of the 
business. 

o An 1/S strategy should address the needs of all 
levels of management wlthin the business. 

o An 1/S should provide consistency of information 
throughout the organization. 

o An 1/S should be able to survive through organiza­
tional and management change. 

o The 1/S strategy should be implemented project-by­
project to support the total information architec­
ture. 

Each of these items is discussed in tum. 

Support the Goals and Objectives of the 
Busine..s 

1bis most basic concept underlies the "top down" 
philosophy of the methodology as well as severa! of the 
specüic steps, such as executive interviews and system 
priorities. 

Since information systems can be an integral part of a 
business and be critica! to its overall effectiveness, and 
becallse they wlll continue to represent majar invest­
ments of time and money, it is essential that they 

· support the organization's true business needs and 
directly influence its objectives. BSP, then, can be 
thought of as a vehicle or process to translate business 
strategy into 1/S strategy (see Figure 2).1· 

·Business 
Strategy 

Misslon 
Goals ond 

ob¡ectlves 
Strategles 

BSP 

1/S Streteglc 

Plannlng Process 

1/S Stratogy 

1/S Objectives 
1/S Po licias 
lnformation 
Archltecture 

Obviously, it is important that an organization be 
wllling and able .to express its long-term goals and 
objectives. For some organizations, this can be done 
principally through the business plan. For others, 
where a business plan is not avallable or current, it can 
be done as a part of the BSP methodology. In either 
cvent, a recogmtion of this basic need by senior man-

. agement is critica!, for on!y wlth that recognition wlll 
their commitment and involvement be great enough to 
guarantee a meaningful BSP study. 

Address the Needs of All Levels of 
.Management 

1bis requirement has severa! implications relative to 1/S 
structure. First, it is important to recognize the varying 
clulracteristics of information as needed by diffcrent 
activities and management levels. Typically,lower 
levels need considerable detall, volume, and frequency, 
higher levels need summaries, "exception" reporting, 
and inquiries, and still higher levels need cross­
functional summaries, special requests, "what if" 
analyses, and "extemal" requirements. It would be 
ililpractical to construct a single system to accommo­
date all activities or managemcnt levels, and it would · 
erroneous to associate any one type of information 

· . rei¡uirement solely wlth one management level Clear­
ly, there is need to establish so me reasonable frame­
work upon which the 1/S can be defined. 

'Klng, W.R. "Strategie Plaoning lor MIS." MIS Quanulr. Mudl 
1978. . ' 

. ¡ 



First, the e~pbi.Sis in 1/S should he in support of · 
m~geJ;Dent decision making. Tbis is in contras! to 
more traditional bookkeeping or recordkeeping func- . 
tions .. Business decisions are made for various purpos­
es, but most can he assOciated with either plonning or 
control. Planning, of course, is the establishment of 
various missions, objectives, and ¡íOiicies, and it occurs · 
at alllevels; good information is essential to !}te .­
establishment of good plans. Control decisions, by 
contras!, are made in cirder to guide an activity toward 
some implicit or defined (by the plan) objectiv~: The . 
1/S can provide the measurements of th.e current or 
actual condition to the decision maker. We thus·· 
complete a planning, measurement, and cOntrol cycle 
with 1/S potentially an integral part. Since planning añd 
control are the keys to decision ·making, ·a framework 
forJ/S based upon these activities can he used. It has 
heen proposed, 3 and weU accepted toda y; that three • 
distinct but concurren! planning and controllevels exist ' 
in any organization: 

Strritegic plonning is the process of deciding on . 
objectives of the organization, ·on the resouréés" ilsed to 
attain these objectives, and on the policies that are to 
govem the acquisition, uSe, and.disposition of.re~ ' . , ... 

. . . .. . .·· .. ' .. 
sources .. 

·- :,_·: 

'Anlhony, R.N. PioM;,V.Illlil e:-,;;¡~: A F~for 
Anal)oU. Haivud BusiDcss si:bOóJ, DMS¡~ o! Ílescarch;·¡g(js-_ . . 

,' . 
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-.~ .... 

Because an organization's pioduct or sérvice area has 
all the attributes of a resouree, that b;, a life 9-cle of 

·• activities and decision points, añd ye(drives t!Íe oiher 
'.·. resources, it is referred to as the "key resciurce:" Each 

. res~ urce, including the key . . . . • . . 

througb planning and . 
levels previously discussed.' · '· · · 

· the desired characteristic of 
al bolmdaries - vertically aeross . 
horizontaUy across · . · 

based on resources_ as weU 
-levels can he estab~hed, 
applied within this frarJ!e'\\•o~IC.;\-"j;f~ 

has 



PlanrÍing and Control Lavol 

Doclsion Stratagic Manogomont Operationol 
Characteristlc Planning Control Control 

Management General management General managitment Functional management 
involvement Functional management functional management Operatlonal managoment 

Operatlonal management 
. . 

Time Long ranga Year-to-year Day·to-day 
horizon (1-10+ years) Monthly. Weekly 

Degree uf Unstructured and More structured, Hlghly structured, 
struct~re 1 rregular; each prob~em cycllc, largely repetitious 

different repaating 

Data Summaries, estlmates, dlf- Summaries, definable, need Oetail, operational, defin-
requirements ficult to pre-define~ much for unanticlpated forms, able, internally generated 

externa! to buainess largely intermil 

Resource Establishment of pollcies Allocation of the resource Efficient use of the 
rnanagement pertaining to the resource 

inconsistencies, as there are users of that data. For 
example, "salary" to the payroll department may mean 
an employee's actual monthly pay, to the project 
manager an annual figure plus burden to be charged to 
a customer, to the department manager a budget 1ine 
item representing total expense for all reporting em­
ployees. In addition, a time inconsistency is very likely 
to exist between what may otherwise be comparable 
data. Data may be captured by such varying methods 
as the mail, telephone, data terminals, or satellites. It 
may be "batched" over varying lengths of time by the 
user or by DP before processing, or it may be entered 
"online" as each transaction occurs, directly from its 
source. t:iata may be processed daily, weekly, or 
monthly on a predetermined schedule, or it may be 
incapable of being processed until a series of prior 
computer runs are completed (for example, the month-

. end closing). The output itself may be mailed or it 
could be immediately available as the result of an online 

. inquiry. Finally, the report may be up to the second, .as 
.. ·. when reading from a terminal, or it may ha ve lain in a 
, desk for three weeks after last month's processing. The 

combinations of time deviations between data capture, 
data prncessing activity, and actual data usage are 

' many. 

With all these potential data inc(lnsistencies, it is no 
wonder that reports frequently don't "match" between 
using departments and managers. This becomes a 
problem most often during int~rdepartmental decision­
making or at higher reporting levels where consolida­
tion of multifunction activities is important. Attempts 
to provide better data consistency usually result in 
"resystematizing" or "consolidating" existing applica-

resource 

tions into larger ones with broader problem Sc:ope and . 
data definitions. This may yield a satisfactory system 
within the defined scope, but again, as still broader 
problems are addressed, there wi11 undoubtedly be data 
_inconsistencies between the larger systems. Resystema­
tizing at this scope may be extremely expensive and 
difficult to justify, let along accomplisb. Comments 
prevail such as "our systems cannot talk to one 

_ another." 

What has been described is the classlcal "bottom up" 
.evoÍution of data processing systems. In order to begln 
to ·address the data coÓsistency problem, a different 
philosophy must be adopted relative to data managc­
ment. This is commonly referred to as managing dDúJ 
tu a resource. This concept suggests that data is of 
considerable overall value to an organization and 
should be managed accordingly. lt should be·¡iotendal­
ly aviillable to and sbared by the total business unit on a 

· coosistent basis. lt should not be controlled by a 
limited organizational segment but by a central coonli­
nator, much like other corporate resources, such as casb 
and personneL The management function would 
include formulating policies and procedures fpr consist­
_ent definition, tecbnical implementation, use, and 
security of the data. 

Survive Organizadonal and Management 
Change 

Many data processing systems and applications are set 
up to provide the information needs of a specific 
department or other organizatlonal entity. Others are 

; 
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built solely on the specific output report requirements 
of a particular manager. Both types can become 
immediately obsolete upon a reorganization or manage­
ment change. A new manager may ha ve bis own ideas 
as to what ioformation is need~d to run the department. 
Although this kiod of change is inevitable, it can be 
expeosive from a data processing standpuint. The data 
processing system, however, should in no way inhibit 
maoagement flexibility in a dynamic enterprise. Thus, 
the 1/S must be capable of evolving through the Jong­
term organizational and management changes of a 
business with minimum impact if the expected return on 
investments is to be realiZed. 

This objective cannot be realized without the proper 
support vehicle for 1/S, and tbis vehicle must be inde­
pendent of the various components of the organization­
al structure. The BSP vehicle is the busine•• procen, 
that is, a basic activity and decision area irrespective of 
aoy reporting hieraochy or specific management 
responsibility. A logical set of these pr<icesses can be 
defined for any type of business and will undergo 
minimum chaoge as long as the product or service uea 
of the business remains basicaUy the same. 

One example of a business process is purchasing. A 
partícula. business might define this as "the process by 

'· which raw materials ue acquired from vendors." There 
·· ·. may or may not be a separate organizational unit to 

accomplish this process, or indeed there may be severa!. 
loherent within tbis process are the various activities 
and decisions necessary to accomplish the process. 

Defining the organization 's business processes is one of 
· the most importan! puts of the BSP methodology, and 

'' · the method for doing sois tied directly to the previously 
discussed 1/S frunework, that is, one based on re­
sources aod planoing and controllevels. With this in 
mind it is convenient to define an organization's 
business processes in association with each of its 
defined resources. 

.< 

Emphasis in BSP is normaUy placed upon those process­
es necessary to maoage the key resource. Ea eh re­
source of a business can be thought of as having a "lile 
cycle" made up of severa! stages. A product lile cycle, 
for example, has four stages: requirements, acquisition, 
stewudship, aod retirement. The time spread of the 
lile cycle can vary greatly with the particular product 
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area but is of no consequence in this approach. Busi­
ness processes can be identified to describe the major 
activities performed and decisions made by the business 
in the course of managing the resource throughout its 
lile cycle. These can normaUy be organized into a 
process hierarchy, and this is done without regard to 
organizational involvement or responsibility. 

This approach results in process definitioos thal 
encompass the three planoing aod controllevel;. 
previously discussed- namely, strategic planoiug, 
management control, aod operational control. Using a 
product resource as the example again, the decision to 
pursue a particular product uea would be "strategic 
planning," the planoiog aod control decisioos relative to 
product volumes or advertising expenditures would be 
"management control," and the decisioos in arcas such 
as engineeriog control aod maoufacturiog efficiency 
would be "operatiooal control." By using this approach 
for aU the resources, it is possible to define aU the 
business processes that take place within any organiza­
tional segment. This may be tempered by practicality 
in the actual BSP as there may be little 1/S support 
loterest for some of the resources. 

Implemeoi Project-by-Project to Support the 

Totallnformation Architecture 

There ue severa! implications associated with thi• 
concept. The first is that a total 1/S to support the 

· entire business unit's needs is too big to build in aoy 
single project. However, because of the many pi'oblems 
associated with a "bottom up" evolution of systems 
(such as data incoosistencies, nonintegrated system 
desigos, expeosive resystematizing, priority difficulties), 
.it is' very im¡)ortaot that long-range goals and objectives 
for 1/S be established. The basic concept, then, is 
top-down J/S planning with bo/lom-up implememation 
(Figure 4). 

With this implementation strategy (the BSP approach), 
the ioformation support is implemented in a modular 
building-block fashion over time, while remaining 
consisten! with the organization's business priorities, 
available funds, aod other shorter-term coosideratioos. 
Titis philosophy can be likened to the detail deslan aod 
coostruction of a Iarge office building, which would be 

· unthiokable without ao architect's approved drawing or· 
the fuiished product. 
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The BSP methodology, although consisting of considera­
bly more steps and detail than shown in Figure 5, is 

-consistcrit with this philosophy. Step 1 of Figure 5, 
defining the business objectives, is intended to ensure 
agreement among aU executive levels _as to where the 
business.is going, so that the 1/S strategy can be in 

-;, 
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· direct support. Step 2;defuiing the businéss p~sses, 
'establishes the prime long-tenn basis for 1/S súpport in. 

· .the business. Step 3, defmüig businesS data, is done by 
·ldentifying what things (entities) are importan! lo the 
business and what data is required lo manage these 

_ ·'entities. Logical groupings of this data about .entÍties 
are caUed data classes. Step 4, defuiing the infonnation 
architecture; becomes a stalemént of the long-tenn 1/S 

· objective. From the infonnation architecture the 
individual modules can be ldentified, scheduled, and .. 
blilll according to the 1/S plan. 

Step 1 Step 2 

Define the Define the 
business .. ·business 1--
objectives procimes 

Step 3 Step 4 

Define the 
Define the 
informatlon 

business ·data 
erchiteCture 

Fi¡1ae 5. Geoenii/S plannln¡ appioadl 

In summary, there ·are a number of basic concepts and 
philosophies relative lo infonnation systems ilpon · 
which the BSP._methodology is based.' Although the 
methodology itself should be flexible ( that is, certain 
sleps and techniques could be altered lo adapl lo 
specific situations Without detriment lo the fmal 
outcome) these basic cóncepts themselves should be 
inviolate. They, in effect, are BSP. 

Chapter l. BS!' Ccr.:~ol> ~ 
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Chapter 2. Overview of the BSP Study Approach 

Tbe keys tosuccess In planning, developing, and 
implementing an information architecture that effec­
tively supports the business goals are: 

• Top-down planning with bottom-up 
implementation 

o Managing data as a corporate resource 
• Orientation around business processes 
o Use of a proveo, comprehensive methodology 

Chapter 1 examined the first three at sorne le~~h. This. 
chapter gives an overview of a proveo inethodology for 
the BSP study wbich will be covered in more detall in 
the f oUowing chapters. 

Major Activities 

As Figure 6 indicates, there are two major activities 
. that precede a BSP study and eleven in the study itself. 

Although these activities may be carried out in varying 
degrees, none can be omitted. Figure 6 shows these 
activities and their most logical arrangement. When 
one becomes fairly familiar with the BSP approach, 
however, he can, as appropriate, do part of a given 
activity and delay the balance. The remainder of this 
chapter is a brief commentary on these major activities. 

Gain/ng Commitment 

A BSP study should not be started unless a top executive 
si>onsor and sorne other executives are committed to · 
being involved In it. The study must reflect their view 
of the business, and the success of the study depends 
upon their providing an understanding of the business 
and its infonnation requirements to the team. Most of 
the input wiU come directly or indirecily from tbese 
cxecutives. 

Since approval of study recommendations commits the 
company for severa) years toa certain direction in the 
use of its data processing resources, it is importan! al 
the outset to get agreement on the scope and objectives 
of the study and on its expected deUverables, so asto 
minirnize future misunderstandings. 

The most importan! action following commitment 
regards selection of the team Jeader, an executive who 
will work full time in the study and directteam activi­
ties. He sees that eontact with other executives is on 
the proper leve) and that input from them is interpreted 
correctly. A lettcr from the sponsor toa JI participating 
executives sets the tone arid signifies commitment. 
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Preparing for the StudJI 

Considerable saving or time, avoidance or frustration, 
and higher quality or output can be gained ,by proper 
study preparation. · AIJ executive participaniS and !he 
team need to know whal will be done, why, and what is 
expected or them. Proper education and orientation 
will provide the bes! input"rrom the executives and the 
bes! use of it by the team. 

Interviewees are selected as soon as possible so as to 
allow for their orientation, scheduling of interviews, 
and !he providing of information lo the study team. 
For maximuin efficiency on the part or !he team in 
working together full time during !he study, information 
on !he company and on data processing support is 
gathered before starting the study. 

A control room is established so that the team may 
work together, display relevan! material on t!te walls, 
and conduct interviews. 

The major output should be a study control book 
containing: a study work plan; a schedule of interviews 
and a schedule of checkpoint reviews wilh the sponsor; 
an outline of the final report from !he study; BSP and 
bilsiness and information systems data, analyzed and 
charted, aild ready for the study start. This activity 
should end with a review by the BSP study sponsor. 

Starting the Stuáy 

The BSP study itsetr and the full-time particlpation of 
the team members starts with a business review meet­
ing, which consisiS or three presentations. First, the 
executi'le sponsor reiterates the objectives, expected 
output, and perspective or the study with relation to 
other company activities and objeclives. 

The next presentation is concemed with the main 
purpose or the review, which is to provide that each 
team member is conversan! with the lnformation that 
has been gathered and to discuss !hose racls that are 
not part of the lnformation supplied. To accomplish . 
this the team leader "walks through" the business rac\5 
that have been gathered and makes subjective com­
ments and additions on racts that cannot be readily 
documented- politics and sensitive issues, and changes 
planned and in process. He should also cover the 
decision process, how the organization functions, key 
people, major problems, the user's view or DP support, 
and the image of the DP department. 

· The third presentation is made by the informalion 
systems director or one of his managers, who gives the 
team a view of data processing analogous to what was 

presented for the business. He should also cover 
project status and project control, history or major data 
processing projects started in the last two years, major 
curren! activities, planned changes, and major 
problems: 

These three presentations, added to the faciS that ha ve 
been gathered and. made readily available to the tea m, 
should give !he team an overall understanding of !he · 
business and the present and planned data processing 
support. 

Defining BusiiU!SS Processes 

No other activity during the study can be quite as 
overwhelming or as importan! as identifying or the 
business processes. Since these processes form !he 
basis ror executive interviews, the information architec­
ture, problem analysis, data class identification, nnd 
various follow-on aclivities, everyone on the team must 
acquire an understanding of al! the processes, and they 
can do so by assisting fui! time in their identüicalion 
and in the writing of their descriptions. The major · 
output from this step will be a list or al! the processes, a 
descriplion or each, and the identification or those that 
are key to the success or the business. 

Defining BusiiU!SS Data 

The defining or business data involves the identificátk 
or entities (things that are significan! to the business) 
and the grouping or data about these entities into 
logically related categories called data classes. This 
classüication, and its subsequent modüication during 
the rollow-on projeciS, helps the business develop data 
bases over time with a mínimum or redundancy and in a 
manner that allows systems to be added without a 
major revision to. the data bases. Since data must be 
recognized as a corporate resource, it deserves the 
attenlion recommended here. 

Defining Jnfo1'11llllion Architecture 

The definition or the lnformalion architecture invotves 
the relating of processes to data classes. This enabtes 
the·evaluation or data sbaring witbin the enterprise. 
The architecture also provides the foundation for 
follow-on resoÍlrce and tactical planning, which enables 
the orderty imptémentatiori or the lnformation architec­
ture. 

Analyzing Curren/ Systenu Supporl 

The main purpose of tbis activity is to show how dafi 
processing currently sup¡¡x>rts the business in order to 
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develop recommendations for future action. The 
currently existing organizations, business processes, 
information systems (applications), and data files are 
analyzed to identify voids and redundancies, help 
clarify responsibilities, and further the understanding of 
the business proeesses. 

The main analysis tool is the matrix, and various 
matrices are developed using combinations of the four 
elements. The key matrix for the executive interviews 
is the process/ organization matrix, and its intercepts 
denote the decision makers, major and minor organiza­
tional responsibility for a process, and curren! data 
processing support. 

This activity will not only prepare the. team for discus­
sions with executives but will also help them determine 
requirements for information support. 

lnteniewing Executiws 

This activity is an integral pan of the top-down ap­
proach. lts purpose is to validate the work done by the 
team, determine the objectives, problems, and informa­
tino needs and their value, and gain executive rapport 
and involvement. The executive interviews provide the 
business understanding necessary for information 

J 1 • systems planning. 

The major output consists of notes from the interviews, 
an update of the control room charts, and a new or 
improved rappon between the executive and the BSP 

study team. 

Defining FintlingJ Dllll Conclusions 

Sorne of the business problems were suppUed as input 
during the fact-gathering step. These were expanded 
upon and complemented by the knowledge of the team 
and finaUy vaUdated, explained, and added to in the· 
executive interview. The problems must now be 
analyzed and related to the business processes so as to 
give guidance to the setting of projecl priorities and to 
show clearly that better information wiU help lo solve 
the problems. 

The problems must now be divided inlo severa! cate­
gories, and fmdings and conclusions musl be drawn 
from them. The results of these tasks provide the base 
for developing recommendalions and for setting 
priorilies among the subsyslems of the inf ormation 
architecture. 

Among the problems identified by lhe executives are 
many that do nol pertain to information systems 
suppon. These will be delinealed and given to the 
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executive sponsor for foUow-up while the information 
systems support problems continue to be addressed in 
the BSP study and in the foUow-on activities.' 

Detennining Architedure Priorities 

Since a total information architecture cannot be 
developed and implemented at one time, the team must 
establish priorities for the development of appUcations 
and data bases. By deciding whicb of the data bases 
should be designed and implemented flr5t, the team 
establishes those applications that will be defined 
during the foUow-on phase. This aUows an early 
implementation for a "pay-as-you-go" foundation and 
helps establisb credibility for the balance of the output 
from the BSP study. 

Priorities are determined by developing a list of projects 
from the applications that make up the information 
architecture, then establishing a set of criteria and 
rating the prospective projects against them. The 
findings and conclusions are a major contributor to this 
process. 

Reviewing Jnfonnation Resourr:e Managemmt 
(JRM) 

The purpose of IRM is to eventuaUy establish a con­
troUed environment in which the information arcbitec­
ture can be developed, implemented, and operated 
efficiently and effectively- and to define the environ­
'ment wherein data is managed as a corporate resource. 
The information systems functions are examined during 
the BSP study to identify ( 1) any changes that could be 
made immediately to enhance success in the foUow-on 
projects, (2) changes that are necessary to properly 
manage and implement the high-priority information 
arcbitecture projects, and (3) major activities that will 
become ¡irojects in the foUow-on to the BSP study. 
Fulfillment of tbis step is essential to the successful 
support of the business by the data processing function. 

Developing Recommendations 

The purpose of this step is to assist management in its 
decisions regarding the recommended follow-on 
activities. The foUow-on activities will come from the 
architectural priorities and from the informalion 
resource management recommendalions. 

Reporting RIISIIIts 

The purpose of the final repon and execulive presenta­
tion is lo oblain executive managemenl commitment 



and involvement for implementing recomrnendations 
from the BSP study. The formal of the report was 
agreed upo!l before the study was started, but may have 
to be modified slightly now, on the basis of the study 
results. Various parts of the report should be wriuen 
during the BSP study and completed at this time. 

The report should be prepared as foUows:. 

l. 11 should include an executive summary. 

2. Supporting detail, such as descriptions of the 
business processes, should be contained in 
appendixes. 

@ 3. 1! should be possible to extrae! highly conlidentiai 
or sensitive material easiiy and still ha ve !he bal-· 
ance of the report usabie by aU people participating 
in the foUow-on activities. 

The report provides !he basis for the executive prescn­
tation and !he distribution of thc final results to !hose. 
peopie designated by !he sponsor. A! ter !he executive 
presentation, which is normaÍiy givcn by !he team 
leader, aU other relevan! material that is oot a par! oC 
the report should be indexed and fiied for ready 
availability in foUow-on projects. 
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Cbapter 3. Gaining the Commitment 

The success of a Business Systems Planning study 
1epends heavily u pon the commitment of the partici-
, ants to complete aU the relevan! activities and heed 
the recommendations of the study team, The steps 
described in this chapter should be completed and an 
assessment made of the commitment of aU participants 
before the final decision is made to move into the 
resource dependen! activities. Certain situations and 
environments may be considered unsuitable for a BSP 
study at this stage. If such Is the case, the team should 
he prepared to postpone BSP until the situation becomes 
more suitable. 

Gaining the commitment starts with a BSP presentation 
to executive management relating the objectives, 
advantages, expected output, and resource réquire-_ 
ments. One or more of the foUowing activities wiU 
provide the executives with a base for understanding 
the need for a BSP study and assist them in their deci­
~ion: 

• Arrange an executive visit to another business that 
has successfuUy completed a BSP study. If so; the 
foUowing actions should be considered: 

• Conduct an executive orientation session specifical­
ly for your;executives 

• Conduct an executive planning session- a service 
off e red by mM 

• Invite the executive toan executive information 
session conducted at an IBM Customer Executive 

. Education center 

The IBM representatlve can help set up any of these 
activities. Either the executive planning session or the 
executive briefing is an exceUent prelimlnarj toa BsP. 

FoUowing is the list of tasks to be performecl in gaining 
commitment for a BSP study:' 

• 
• 
• 
• 
• 
• 
• 

Esiablish the study scope 
Set the study objectives 
Develop the business reasons for the study 
Select the team leader 
Select the study teain 
Brief the study team 
Educate the team 

Establish the Study Scope 

NormaUy the executive sponsoring the study (called the 
execulive sponsor) wiU determine ihe scope of.the study 
for a particular organization. Conversely, it should be 
recognized that the scope may determine the executive 
sponsor since he is usuaUy the chief executive officer of 
the unit being studied. This business unit inust be 
defined so that aU participants can recognize the 
boundaries within which their activities wiU be concen­
trated. 

Businesses whose activities span multiple functional 
units tend to gain more from a BSP study than those that 
are more simply structured since BSP deals weU with 
complexity. It is designed to identify the requirements 
for data integration across multiple functions. 

Most companies performing a BSP study choose a major 
operating division (which may also be a profit center 
within a division), a group of divisions, oi the entire 
organization (see Figure 7, options 1 to 3 respectively) . 
In each case it should be possible to define boundaries 
for the study scope, including the measurements for 
assessing effectiveness, 
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Set Study Objectlves 

St\lCfy objectives should now be defined. Good objec­
tives are clear and concise and serve as criteria for 
measuring the. degree to which they have been meL In 
addition, they are appticable to the specific require­
ments of the. organization to be studied and can be met 
realistically by the BSP study team worldng within the 
defined study scope .. 

Generally, a study team's objectives may be to: 

• Provide a formal, objective method for manage­
ment to estabtish information systems priorities 
without regard for provincial interests. 

• Provide for the development of information 
sys~ms that bave a long Ufe, protecting the systems 
investment 

' • Provide that tbe data processing resources are 
managed for the most efficient and effective 
support of the business goals 

• lncrease executive confidence that high-retum 
information systems will be produced 

• lmprove the relationship between the informatlon 
systems department and tbe users by providing 
systems responsive to tbe users' requirements and 
priorities 

• · · Identify data as a corporate resource that sbould be 
planned and controlled in arder to be sbared 
effectively by everyone 

• ldentify those data processing functians·, sucb as 
query, report generation, and personal computing, 
that the user department personnel may perform 
for themselves when adequately supported by the 
data processing department · 

Develop the Busin~ss Reasons for the Study 

Those persons promoting or planning for a study shoÜid 
discuss the following factors witb an appropriate senior 
executive of the organization to gain agreement on the 
foiiQwing: 

• Scope of the of study 

• Study objectives 
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PÓsltive contributions of a BSP study 

Obstacles to successful completion 

Recommendation either to proceed with BSP or · 
postpone ir 

'The benefits of a BSP are well defined under "Potential 
Benefits" in the "lntroduction" chapter. They may be · 
made more spécific and quantified for a given business. 

There are severa) factors that may make one business a 
more difficult subject for ~ BSP study than another: ' 

• Major reorganization or transfer of control taking 
place 

• Geographical diversity, necessitating significan! 
travel time · 

• More than 20 executives who must be interViewed 

• Multiple independent suborganizatíons with 
autonomous decision-niaking powers and with 
unique lines of products/ services serving diverse 
markets 

Should tbe senior exe'éutive agree to proceed with the 
BSP study, the .meeting should result in an agreement to: 

• Appoint a study team Jeader 

• .Provide the study team·resources as.appropriate 

• Establish open communication of business facts 
and plans between executives and team members 

• · Write a study announcement Jetter to executives of 
tbe organization in the form shown in Appendix A 

Select the Team Leader 

The success of lhe study depends Jargely on the person 
selected by the executive sponsor to Jead the team. The. 
team Jeader will be knowledgeable in business matters 
and have a broad perspective of the business. He can 
save the team valuable time with his first-hand knowl­
edge or how the various departments of the business 
interact, and where detailed information abo'ut the 
operation of the business can be obtained. Organiza­
tionally he should be a functional vice-presiden! or 
equivalen t.-

Activities of the team Jeader include: 

• Conducting the study team orientation session 
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• 

• 

Conducting a business review for team members at 
the start of the study 

Setting and confirming executive session schedules 

Mimaging the Jogistics of the study, including 
day-to-day administration 

• Providing guida~ce and business perspectivo 

• Resolving conflicts and ilnpasses 

• Providing resource material 

• Maintaining tbe schedule 

• Making tbe presentation to management at tbc 
completion of tbe study 

Select the StudyTeam 
1 

Characteristics of Team 

Since tbe study team is responsible for detennining tbe 
information needs of the entire business and recom­
mending tbe'nature of its data processing operations for 
years to come, the selection of team members is very 
importan t. 

The people chosen should: 

.. 

• 

• 

• 

Have severa! years' experience within the organiza- · 
tion, a sound knowledge of their own area, and an 
appreciation of the rest of tbe business 

Be able to understand and deal analytically witb 
problems 

Be willing to commit to conclusions and recommen­
dations that will have a far-reaching effect on tbe 
organiza !ion 

Be perceived by other management within the 
organization as competen! and responsible busi­
nessmen whose opinions will carry considerable 
weight 

• Be from upper and mlddle managemént 

In sbort, the best·people for the study team are !hose· 
who are already in great demand and leas! available. 

Structure aná Responsibilitks 

The structure of a study team is depicted in Figure 8. 

'' 
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Although minor variations are possible, the foUowirig 
fundamental rcsponsibilities need to be assigned: 

• Executive sponsor 

• 

• 

• 

Sign the study announcement letter 

Visibly and verbaUy endorse and support the 
study effort by making introductory remarks at 
the executive orientation 

Review the state of the business with thc study 
tcam at the.start of the study 

Participatc in an interview 

Rcview progress and findin¡Ís during the study 

Act as the communlcations contact between 
thc study team and other executives in the 
organlzation as appropriatc 

Reccive the final report and make necessary 
decisions 

Team leader 

See that the study is successfuUy completed 

Provide overaU direction, make key business 
judgrnents, and act as liaison with other execu-
tives of the organization · 

Direct the study effort on a day-to-day basis 
and organize aU neccssary administration for 
the team 

Take a lead role in executive interiiewing 

Team members 

Participate in at least some, ii not aU, inter­
views 

Analyze the data coUected and executive 
perspeétives expressed during the study 

Draw conclusions and perform report writing 
tasks · ' 

Team secretary 

Do typing, filing, and general secretaria! 
serví ces 

Assist in getting graphics, sucb as matrices and 
information arcbitecture 

Confirm and foUow up on executive interview 
schedules. 
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F1¡ure 8. Somplo studJ teem olni<:IUre 

' 
Consideratiom for a Pllrl-Tlme Stuáy 

Upon completion of the BSP study, the business has 
only just begun the continuous plannlng process of 
managing data as a resourcc. Uke any plannlng 
activity, it demands the attention of a full-time staff. U 
a fuU-time staff is not committed to planning, an 
environment is created whereby people are spUt 
between plarlnlng for the future and "puuing out fires." 
People cannot effectively perform in such an environ­
ment and, consequently, planning becomes secondary. 

The commltment and involvement of the chief execu­
tive officer are probably the most significan! require­
ment for a successful BSP study. If he is not wiUing to 

. make a fuU-time effort for the 8 to 12 week.s, bis 
commitment is questionable. This lack of commitment· 
can doom the BSP study to failure. In short; BSP should 
not be attempted on a part-time basis ii it can be 
avoided. Its importancc to thc business demands a 
fuU-time activity. 

However, should lt become apparcnt that the study will 
be made on a part-time basis, then assurance should be 
gained that: . 

• 

• 

The time, effort, and skiUs required to tightly 
control and m·aintain the work schedule will be 
available and committed. 

Momentum will not be lost as a result of periods of 
BSP iilactivity. 
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• Effective use will be made of the administrative 
support available to prepare and type drafts, update 
charts, and perform related activities when the 
team is not in session. One fuU-time member may 
be helpful to manage this activity and provide 

· continuity be.tween sessions. 

• · Executive commitment is gained to relieve· team 
members of sorne of their normal responsibilities. 

Manpower Requirements 

If the intent and methodology of BSP are foUowed 
conscientiously, and the study team is working fuU time, 
the tesources required should faU within the foUowing 
llmits: 

• 
• 

Number of team members: 4-7 
Number of weeks: 8-12 

These differences can be explained by variations in 
' organizational ty'pes and sizes and in study objectives. 

Communication io Management 
1 

The team leader is now in a position tq compose a study 
announcement letter to be signed by the chief executive 
officer and distributed to the executives who. control 
·the major functions within the scope of the study. The 
ii:ucr should eover: 

• 
• 
• 
• 
• 

Objectives and scope of the study 
Team leader and team members 
Potential value to the organization 
Need for functional executives to be involved 
Need for candor and cooperation of executives 

See Appendix A fora sample announcement le(ter. 
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Brlef the Study Team 

The team leader, assisted by experienced mM peoplc, · 
should hold a half- to fuU-day orientation sesslon to 
brief the study team and discuss sucb toplcs as: 

• ·1 

• Overview of BSP. This can include developmcnt of · · 
the BSP concept, study methods used, output that 
may be expected; and references to results obtained 
in other BSP studies. 

• 

• 

Reviéw of activities to date. The team leader 
presents the scope of the study, states lts objec~ 
tives, and discusses the business reasons for con- · 
ducting the BSP studies at this time. 

Study préparation plan and schedule. The team 
Ieader will have prepared a general schedule. After 

· agreeinent on the schedule, the team memberi 
sbould start clearing their calendars and prepare to 
attend class. 

Educate the Team 

To enable a smooth, coordinated entry to the BSP study, · 
the team members sbould understand the principies of 
the. BSP methodology. Sorne understanding of the 
method of implementation, plus a review of the nature 
of the output that ean be expected, will also be of 
ad,vantage to the team members. 

,The team leader, working with mM persoonel, sbciuld 
establisb an education plan for the team. Formal ÍBM 
education is available and the local mM office can 
supply details . 

lt is recommended that aU team members allend:,the 
same eilucation session. This aUows for a daily review 

. to assure understanding and dis~ussion of sjll:cifies 
applicable to their particular stuily. lt 8\sO'l!ilps'to 

: mold the team into a produc¡ive, respoítiiive''urul 

.. 



Chapter 4. Preparing fór the Study 

Preparation coven thattime from thc completion of 
education to the actual start of the study. By now thc 
scope has been established, the team leader designated, 
the teain selected and educated, and the study start and 
co!»pletion dates established. 

Preparalion is not a fuU-time team effort; mucb of it is 
done by the team leader. lltakes a few meetings of thc 
team and may cover a period of two to four weeks. 
Many of the preparation activities are accomplished in 
one planning meeting arter returning from the Inforrna­
tion Systems Planning class. The foUowing list of tasks 
will give a quick view of what is to be done in Ibis 
phase of the study. The recommended sequence is on 
the· finl task control sheet in Appendi.x J. 

• Obtain and equi¡i the control room 

• Review the sludy objeclives 

• OutUne the final report 

• Determine the racts lo be gathered 

• Select and orient interviewees and develop 
schedule 

• Develop a study work plan 

• Complete the task control sheets 

• Set up a study control file 

• Establish administrativo support 
., 

• Review the ~tatus with the sponsor 

• Prepare for starting the study 

These tasks, many of which can be performed concur­
rendy, are described in the remainder of Ibis chapter. 
Task control sheets for these aclivilies can be found in 
Appendi.x J. Each of lhe sheets is perforated for easy 
removal for use in schedullng. 

Obtain and Equip a Control Room 

The effectlveness of the BSP study depends on having a 
work room assigned for its duralion. This room is use,d 
both as a work location for lhe team and for executive 
interviews away from the e,xecutive's office. This 

approach has proven very effective in allowing execu­
tives to review lhc worlc lhal lhe leam has done and lo 
inlerview execulives without interruption. 

The team will also need adjacent work space during 
interviewing, since aU leam members do not participale 
in each interview. The other memben are either 
summarizing the last interview, preparing for lhe next 
inlerview, or perfonning some coroUary task. This 
extra space ·is also an advantage for breakout activilies 
arter aU the interviews are completed. It can be another 
smaUer room or office, but should be in the immediate 
vicinity of the control room. It should not be needed 
before interviewing starts. 

The control room should be: 

• Located away from traffic, noise, and interruptions 

• Large enough to accommodate the study team plus 
one or two other people 

• Have a large amount of waU space for the posting 
or charts 

• Be cquipped with a telephone only if it can be 
disconnected during executive interviews 

• Secure to protect confidential or sensitive material 

The control room should be equipped with: 

• · A large table, blackboard, two flipchart stands, and 
lockable storage or filing cabinet. (Fiipcharts are 
preferred to blackboards since most work is saved.) 

• . One-inch Uned flipchart paper, magic markers, 
correction tape, scissors, glue, and a long straight 
edge. 

• A supply of matri.x forms, mM form numbers 
GX20-23SO and GX20.23SJ. 

· • Three-ring binders widt dividers, scratch pads, 
plenty of pencils, pencil sharpener, and erasers. 

• Sheets of acetate to cover matrices and grease 
pencils for annotation. (These are not mandatory 
but do facilitate changes.) 

• Coffee maker and paper towels. 
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Revlew the Study Objectives 

The team should expand the study objectives developed 
by the team leader. Great care should be taken that 
every member of the team understands the objectives 
· and agrees that the Oúiput will meet these objectives. 
Although the BSP study objectives in Chapter 3 are · 
comprehensive, they may not be specific enough for 
every study. Asan example, the sponsor should make 
it clear to the team members whether they are expected' 
to recommend changes to the management systems of 
the business or to restrict their recommendations solely 
to information systems changes. 

Outline the Final Report 

The cu!Ínination of a BSP study should be an executive 
presentation to gain approval of the team's recommen­
dations and to set plans in action. Depending upon the 
management practice of the business, the team may 
make an in.itial presentation to the executive sponsor, 
supported by a draft of a final report, or they may 
create a final report and make the presentation to a 
group of executives. The appioach should be agreed 
upon by the executive sponsor and the outline of the 
report should be established during the preparation 
state. The outline delineates the ccintents and establish-

' es the sequence of the sections. Thus, as material is 
~eneratec!, it can be placed easily in the report. 

At this time, team members should be assigned specific 
responsibilities for sections of the report. 1t is their 
nisponsibility to coordinate and deliver their sections. 
Appendix 1 is a recommended outline of the report. 

Determine the Facts to Be Gathered 

To provide a basis of infonnation, the team ·should 
establish a reference library of both bus~ess and 
information systems documentation. With the BSP 
methodology, all of the information required for the 
study must be available in the control room, either in 
the knowledge of the team or in tbe documents that 
ha ve been gathered; the exception is the information 
provided through executive interviewing. Therefore, no 
time is allotted during the study for going outside the 
control room to gather facts. 

Facts will be of two types--general busiriess and 
information systems. All the items listed below under 
''General Business Facts" will be appropriate also for 
thc information systems area, and those unique to 
•~rormation systems will be listed afterward. 
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The team should consider the use of a data dictionaey 
for recording and manipulating gathered and derived 
facts during a BSP. The benefits of this are discussed in 
Appendix L. 

General Business Facts 

The major business facts to be gathered may be classl­
fied into seven categories. 

• Environment (defmed as those items outside the 
· scope of the study and over which the business has 
little or no control) - economy, government regula­
tions,labor, consumerism, competition, industry 
position and industry trends, suppliers, and 
technology. · 

• Objectives- statement of company mission, majar 
goals and objectives for the business and objectives 
for each of the major functions and product lines. 

• Organization- organization charts for the total 
company and for each of the people lo be in ter-· 
viewed showing position, names, numbers of · 
people, expense bu?get, and expected changes. ·. 

• Planning - planning process and planning calendar, 
business plans showing major projects, resources, 
schedules, and fmancial. Also major studies, task 
forces, and committees formed during the previous 
three ·years. (Each of thes~ should show a reason' 
for the activity, members, status, and results.) 

·• · Measurement and control- names and general 
contents of aU major business measurements and 

. controls such as reports, project initiation and 
funding, and type of project conirol. These should 
provide measurement of the status of each of the 
critica! success factors. 

• Operations- products and markets, geógcaphic 
distribution of the company showing major physical 
locations anda general indication of functions 
performed there, financia! statistics, and sizing 
statistics showing the number of véndors, number 
of employees, orders, customers, shipments, pur-

. i:hase orders, and related information. · 

• lnformation systems support- availability to the 
user of major applications and data processing 
facilities, such as tenninals, programming lan­
guages, text processing, word processing, fmancial 
and business planning systems, and query services. .. .. 
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ln/omulfion Systmu Focú 

Although most of the information systems facts to be 
gathered are the same as those for general business, the 
foUowing is a tist of items that are unique to informa­
tion systems. 

• Mode of operation (data base, conversational, 
distributed, user capabilities, others) 

• Systems justification requirements 

• History of major projects started in the last two 
years 

• Current systems descriptions 
Title 
Major functions perlormed 
Major input and output 
Users supported 
Technology (batch, ontine, query, data base, 

. other) · 
Age 
Summary of known weaknesses 
Summary of committed enhancements 
Source (other location, developed on-site, 
purchased, leased) 

··Critica! factors ("Must execute and process aU 
· orders by 2:00p.m. in order for warehouse to 

puU stock.") 

• Planned systems and data bases 

• Sizing statistics such as number of programs, jobs 
per period, users, files, data elements, and turnover 

Many of these business and information systems facts 
wiU be valuable in assessing the ability of the company 
to implement the recommendations of the study. Tbe 
business priorities need to be matched to the informa­
tion systems abilities. 

1 

Responsibilities for gathering data on each of the items 
'on the tist should be assigned to the team members, but 
they should not be expected to do aU or the data 
gathering themselves. In many cases, executives wiU bé 
asked to prepare and submit facts, particulariy ü the 
facts are voluminous and the team needs surnmaries or 
extracts. As many of the facts should be charted as 
practica! and should be put on the control room waU for 
ready reference, particulariy those that wiU be used in 
interviewing, such as objectives or critica! success 
factors. · 

After the facts are gathered, code each one of the 
items, make a tist of them, and get them prepared for 

review or explanation on the study start day. During 
the presentations by !he team leader and the director of 
information systems at the start of the study, they may 
wish to refer to each of these items so that all the team 
members know of the existence of that data, its perti· 
nence, and general content. Since much of it will be of 
a coiúidential nature, it should be filed in a lockable 
cabinet or within a lockable control room. 

Select and Orient lnternewees and Develop 
Schedule 

Selecting the Intervlewet!3 

A preliminary list of executives to be interviewed 
should be prepared at this time. The executives select· 
ed wiU normally be within the top two or three levels of 
the company and be responsible for the majar functions · 
included within the scope of the study, or they may 
occupy major staff positions. The number of interview­
ees wiU range from 20 to 30, with an average of 25 . 
Conducting more than 30 interviews should be done 
with great caution as each additional interview seldom 
adds new or significantly different information. Also, 
more and more detail is added that is not needed and 
may detrae! from the general objectives of BSP. 

Sclreduling Executive Interviews 

When licheduling the executive interviews, the team 
should consider aU factors that may inhibit the full 
participation of the executives, such as vacations, 
annual planning meetings, or public holidays. Although 
the chief executive is usually interviewed last, there is 
noset rule for the interview sequence for the other 
executives. The team should schedule an easy interview · 
with an amenabie executive for the first and possibly 
the second interview. 

Schedule the interviews to allow time for a checkpoint 
review of the results and procedÚres. A good way to do. 
this is to schedule the first three interviews and then 
aUow a half da y for review. While the third interview is 
going on, aU the material from the first two interviews 
can be completed, typed, and ready for review and 
disc~sion. Also, aUow a half day midway through the 
interviews to analyze the problem analysis sheets and 
summaries of the interviews to date and to determine ü' 
the team is getting everything from the interviews that 
it should and to allow time for making any changes. 
Lastly, allow a half day for the extra preparation that 
goes into the chief executive officer's interview. Since 
he should be interviewed last, this half-day slot will be 
scheduled near the end of the interview process. 
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Plan six to eight hours to prepare for, conduct, and 
sumrnarize each interview. Allowing time for the three 
half-day reviews makes it possible to conduct 17 
interviews in 1 O days' time. 

Developing the Executive Orientation 

All interviewees should be briefed prior to the start of 
executive interviewing. Executives other than inter­
viewees may also attend the meeting. The executive 
orientation is prepared, the presenten selected, and 
exhibits prepared so that the orientatlon may be 
reviewed with the executive sponsor. · · 

Major topics that should be included in the orientation 
are: 

• Executive leve! overview of BSP 

• Study scope 

• · Objectives of the study 

• Business reasons for conducting the study 

• Review of the schedule and expected output 

• Executive involveme)lt- why·and what is expected 
of the execuuve 

• Schedule f or the start and completion of the 
interviews 

• Topics to be discussed in the interview 

The executive orientation shouli:l be scheduled as soon 
as possible after the sponsor's review so that the 
executives understand the importance of the uivolve­
ment of their subordinates in the study, the requestsfor 

. information that they m ay receive during ihe fact. 
gathering, and to minimize' misunderstandings of the 
BSP study that might otherwise arise. · 

Conducting the Orientation 

The orientation is normally given by the team leader 

and may involve one other team member. The execu­
tive sponsor should open the meeting, introduce the · 
team, emphasize the business reasons for initiating the 
study, reiterate the objectives, scope, and expected 
output, and offer bis commitment and support to a 
successful completion of the study. The executive 
sponsor should make it clear that the study team will 
not complete its work in isolation in the planning room. 
The role of the study team is to be a catalyst to provoke 
and document thc best thinking of all the executives in 
the business. Their final recommendations will be 
based on t!Íe needs of the entire business, independent 
of parochial interests. ' 

If all of the interviewees cannot get to the one session · 
.because of conflicts in scbedules or residence at remole 
locations; then a second briefing should be conducted 
or a personal call made on the executives by the team 
leader. 

The aUotted time should be one to two hours for this 
session and sbould concentrate upon the objectives, tbe 
output, and the expected executive participation. The 
team should prepare a bandout outlining the major · 
topics to be discussed. 

Executives should come out of the briefmg witb a good 
knowledge of what is going to happen during tbe 
interview, wbat material they will see, the types of 
questions that will be asked, and what will be expected 
of them. · 

Develop a Study Work Plan 

Now that the team knows how many people it will 
interview (pending approval by the sponsor), what the 
presentation and final report wi1J look Uke, and tbe 
facts that must be gathered, it can proceed to the 
development of a.work plan. The plan covers aU 
activities and their schedules, from preparation.to final 
reporting. The detailed tasks to be completed in each of 
the phases are used to further delineate this work plan 
at the appropriate time. The general Oow of the study 
and the control points are shown in Figure 9. 
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Preparin; for Study Execution 
the BSP St~dy• (ba.sed on full.time) 

Task " 

2 weeks lweek Week.1 Week2 Wook3 Woek4 Week5 Week 6 Weok7 WeokB 
befare befo re 

Determine scope, 
select teem and 
leader, and edu-
cate ---- ' 

Prepare for rtudy• --- ---- ' 
' 

Star1 the study ~ 

Define proces:s~ 

. 

Define business date ' 
' 

Define lnformation .. r-¡ 
architacture 

Analyze present ·---:¡ r---~ systems suppon 

Conduct interviews•• ---
Define findings r---and conclusions .. 
Determine erchitectural -. 
pdoritles 

'Review IAM ---- ----:-1 
Develop recommendetlons ~ 
Prepare report --- -- r----- ---f-- -·--· --- --------

. 
" 

•Preparation time ls variable and not fulltlme. l.egend: --- Verleble time; · -Tesk; 

• •Time varias from 12 to·18 days for 20 to 30 lntervlev. Á Control polnt; ~ ~- Parellel activity 

Fl¡ure JO. Worlt. plwl for the BSP otudy 

When lhe aclivilies of Ibis sludy and lhe project.conlrol 
points have been eslabiished, lhey should be combined 
inlo a single aclion plan and represenled on a Gantt 
chan similar lo rhat shown in Figure 10. The final plan 
should be pul on a chan on the wall so that it can be 
referenced during the interview. A copy should be 
made for review with the sponsor, 

Complete the Task Control Sheets 

lf the study is to have an adequate project control 
· system, the BSP r.tudy tea m should develop task sheets 
showing sched~l:d completion dates and the team 

24 

member(s) responsible for each lask. The task control . 
sheets in Appendix J liit the activities the team normal· 
ly will perforin. The team may wish to add other items 
or to separate sorne of these items into subtasks. The 
first task control sheet in Appendix J is for the prepara­
tion activities. The other task control sheets cover 
activities ranging· from starting the study through 
analyzing the curren! informátion systems suppon, 
executive interviewing. and the Jast phase ranging from 
the development of the recommendations and action 
plan through reporting results. 

One or more members of the team will be responsible 
for each of the activities on lh~ task control sheets. 
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This responsibility includes ensuring thatthe completed 
task represents the bestthinking of lhe team membcrs 
arter analysis and any required documentation. After 
completing the task control sheet, check the final date 
against the study plan to be sure thatthere is no 
conflict in the completion dates for that phase. 

Set Up a Study Control F"tle 

A control rile should be estabUshed to contaln aU 
material pertaining to the study. Having and using.thil 
me a1·oids considerable clutter in the control room and 
prevents loss of materials. Because of the nature and 
numbcr of documents involved, they should be storcd 
in a filing cabinet that can be locked. Suggested 
contents include: 

• Administrative 
Key correspondence 
Objectives and scope of the study 
Study work plan 
Taslc control sheets 
Sponsor reviews 

• . Data gathered during preparation 
• Master copies 

Processes 
Business entities 
Data classes 
Matrices 

• Analysis 
Executive interview notes 
Executive interview summaries 
Problem analysis sheets 

- Findings and conclusions 
\ 

• Report and presentat1on 

In addition, tbe team may find il beneficia! lo give eacb 
membcr a three-ring notebook with dividers for such 
tbings as study work sheets, task control sbeets, 
processes, entities, data classes, matrices, interview 
summaries, and problem analysis sheets. Thesc note­
books are particularly handy when the tea,m members 
are working in different places, as during inlerviewing. 

Establish Admlnlstrative Support 

Typing and general administrative support (mainly 
copying) will be required by the sludy leam and should 
be estimated and organized before lhe sludy. The 
lypist should ha ve access to a typewriler wilh a memory 
device because of lhe number of corrections lo such 
items as the descriplions of business processes and of 
data classes. If the formal of lhe final report is nol 
eslablished early, lhe memory device will aid tbe lypisl 
in relyping in lhe formal and type slyle required. 

Administrative activities are usually conccntrated 
toward the latter part of the study and wiU include 
cxecutive discussion summarics, work plans, status 
rcports, results of analyses, charts and matrices, final 
report, confirmation of interviews, and lhe generating 
of lhe final presentation materials. 

Since the BSP methodology develops infonnation on 
many subjects tharare interrelated (for example, 
objectives, critica) success factors, processes, problems,. 
organization, data classes, subsystems), the team may 
wish to consider the use of an automation lool such as a 
data dictionary.' The advantages of using the IBM Data 
Dictionary are covered in Appendix L and in the IBM 
Los Angeles Scientific Center Report, 0320-2705, dated 
July 1980. 

Revfew Status with the Sponsor 

Beforc conducting lhe executivc briefing, gathcring of 
data, and scheduling of lhe executivc intervicws, all 
plans should be reviewed with thc sponsor. Any issucs 
that may havc arisen during thc preparation should be 
resolved during this time. Items to be rcviewed with 
!he exccutivc sponsor are: 

• Study work plan with emphasis on dates lo eliml­
natc conflict witb other major company activities 

• · Planned participation by thc sponsor in starting thc 
study (a general Ust of lopics for hil discussion with 
!he team should have been previously prcpared and 

. reviewed with him at this time) 

• Lisl of cxecutive intcrviewecs including a tentativc 
· interview date for tbe spon.•or 

• Sludy objectives 

• Facts lo be gathered 

• The approval process so tbat it can be determined 
whal form tbe presenlation will lake, who it will 
have lo be presenled 10, and in whal scquence in 
order to gain approval 

• Outline of lhe final report 

• Outline of !he execulive. orientalion 

Prepare for Startlng the Study 

Up unlil lhis.lime, many of lhe activilies had been done 
by the individual team members or had nol demanded 
the presence of everyone. Al lhe start of the study, aU 
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team members must be present whenever the team is 
meeting. In preparing to start the study, recheck to 
ensure that the sponsor is ready lo presenf bis overview. 
of ·the business, se e that fhe material is ready r or review 
by the team leader, and ascertain thatttie information 
system director is ready to present a profile of present 

. data processing. lf all of fhe activities listed in this and 
the preceding chapter have been strictly adhered to, 
then the team should be well prepared for a successful 
study. 

'· 
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Cbapter S. Review the Business Environment and Objectives 

Conducting the start-up meeting is the nrst major 
activity in the formal execution of a BSP study. lt is the 
start of fuU-time actlvities by the team; untU now the 
team haS mei a few times to prepare for the study but 
has probably not worked continuaUy as a team. This, 
and the nexl five major activities (see Chapten 6 to 10) 
are aU aimed al understanding the business require­
ments and data processing support as they exlst 
today as weU as the business requirements for lhe 
future. 

lbe primary purpose or the start-up meeting ls lo 
review lhe business and the data processing support. 
This can be accomplished through three presentatio111. 
lbe executive sponsor sbould presentlhe status of lhe 
business and bis views of lhe future of lhe b.usiness 
unit. The team leader then provides more detaU by 
discussing lhe materialthal has been galhered and bis 
views of the business. The director of lnformation 
Systems gives a review of lhe data processing support. 
These three presentations and the review of lhe study · 
work plan are covered in lhe foUowing paragrapbs. 

Obtaln the Sponsor's Vlew 

Tbe executive sponsor gives lhe first overview to tbe 
team. Hls presentation gives the team a base and 
direction for many of the succeeding activities. He 
sbould cover lhe foUowing topics: 

• 
.. 
• 

• 

• 

• 

• 

• 

Industry trends 

Major strategies of lhe business 

Activities lhat are critica! to lhe success of the 
business 

Key measurements 

Direction of the business in lhe future 

Major problems or inbibiton today and in the . 
foreseeable future 

How better lnformation can help the business 
succeed 

Wbat output (results) does he expect from lhe BSP 
study 

Since the executive sponsor is one of the last people 
interviewed, this presentation allows the team to 
understand bis views as an aid to lnterviewing the other 

executives. The team can then check other views of the 
business with those of the executive sponsor in the 
formal interview. In essence. bis is the first and last of 
tlie executive perspectives gained by the team. 

Review the Busiriess Facts 

The team leader sbould be prepared to present the 
business-related facts gathered during the study prepa­
ration phase. This information should serve to broaden 
the business perspectivo or the team. While time will 
not pennit aU the material to be reviewed in detall, each 
item should be discussed as to content and importance. 
1ñis will give the team an awareness of what informa­
tion is available to them. To facilitate recovery from 
lhe study control file, each item may be coded and a Jist 
may be given to eacb team member. 

Some or lhe material wiU be used frequently throughout' 
the study. During preparation for the study, much of 
lhls material wiU have beco charted and put on the waU 
of lhe control room. The team leader may also elect to 
distribute selected handouts to each team member for 
review and/ or research. AU presentation material, 
including detaUed backup, should remain in lhe control 
room for continued reference. 

Review the Information System5 Facts 

The director of infonnation systems should present a 
suinmary of lhe informatio,n systems facts gathered 
during preparation for lhe study. It should be directed 
toward belplng lhe study team undentand tbe support 
lhat information system provides the enterprise. 

Thé major projects instaUed and being developed . 
abould be discussed with lhe study team, as weU as the 
applications that are being developed and used, that is, 
batch, conversational mode, and data base tecbnology. 
The discussion should include whether lhese projects 
bave met or wiU meet their objectives. 

ADotb.er area lhat should be discussed ls lhe informa­
tion systems inteñace wilh its usen, lhe responsibility 
and involvement the user has in lhe development and 
justification of applications, and who has responsibility 
for data wilhin the company. 

A copy of the presentation should be made available to 
each of the team memben as it will help them in 
interviewing, in developing findings, and in drawing 
conclusions and recommendations. 
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lbe foUowing might be used as an outline for presenta­
tion of thc lnformation systemsJunction: 

• 

• 

• 

Mission and objectives · 

History and backgroumj of data proccssing .. 

Organiz¡¡tion of the information sys~ems function 

• Ovcrview of major applications systems instaUed 
and planned 

• 

• 

Present diStribution of .data proccssiilg and data 
owncrship 

Functions now available to 'users (for example, APL, 
. query, text prócessiilg, and other applications) 

• Rclationship with users 

• Project approval proccss 

• Key problems and chaUenges 

·Revlew the Study Wotk Plan . ' 

lf the wórk plan was not developed by thc whole tcam, 
the team leader reviews botb the plan and tbe Gantt 
chart develo¡jed during tbe study preparation phasc. 
lbe work plan is used as a poiilt of departure for 
diScussing and completing: . 

• M a jor events, ma jor output, and schedulcs 
• mdivid;ual assignments 
• Project control 

1bis review can also serve as an opportunity to discuss 
administrative details sucb as secretaria! support, 
handling of phone messages, working bours, officc 
security, expense cbarge ilumbers, and tbc like • 



Chapter 6. Défining Business Processes 

Business proccsses are defined as groups of /ogically 
related decisions and activities required to managtt tlw 
resourctts of thtt busifll!ss. They are studied and 
identified without regard to the organization responsi­
ble for them. The reason for defining the processes is 
that dolng so will provide or lead to: 

• lnformation systems that are largely lndependent of 
or¡¡anizational changes 

• An understanding of how the business accomplisb­
es-its overaU missions and objectives 

• A basis for defining required iruorination arcbitec­
ture, determining its scope, making it modular, and 
setting priorities for its development 

• A basis for defining key data requirements 

Lists of processes, along witb some sa.mple descriptions 
from both the pubUc and private sectors, may be found 
in Appendixes C, O, and E. 

Prerequisites to Definlng Processes 

The foUowing points are particularly relevan! to 
developing good process definitions: 

• AU members must be 'present and participate 
throughout the exercise and there sbould be general 
agreement on the expected output before tbe 
exercise begins. 

• Note~takers should be designated rigbt from tbc 
beginning so that decisions and definitions of 
processes will not be forgotten or misunderstood 
la ter. 

• The team must understand the concept of resources 
and their Ufe cycle and must identify the key 
product(s) and/or service(s). 

Product and Resource Life Cycle 

A four-stage Ufe cycle of the product/service and of 
each of the supporting resources is used to logicaUy 
identify and group the processes. The Ufe cycle nor­
matly used is: 

• Stage 1 - Requirements, planning, measurement 
and control 

• Stage 2 - Acquisition or implementation 

• 

• Stage 3 - Stewardship 
• Stage 4 - Retirement or clisposition 

A description of each of the Ufe cycle stages follows: 

l. Rttquireffll!nts - activities that determine how much 
of the productor resource is required, the plan for 

r getting it, and measurement and control against the 
plan. 

2. Acquisition - activities peñormed to develop a 
product or service or to get the resources that are 
going to be used in its developrnent. In manufac­
turing this would include procurement and fabrica­
tion; in personnel, the hiring or transfer of people; 
in education, the development of a curriculum and 
the enroUment of students. 

3. Stewardrhip - activities to form, refine, modify or 
maintain the supporting resources and to store or 
track tbe product/service. In the insurance indus­
try this could be poUcy maintenance, premiurn 
notices and dividend statements; in the clistribution 
industry it could include inventory control and 
warehousing. 

4. Retireffll!nt - tbose activities and decisions that 
termina te the responsibility of an organization for a 
product or service or signa! the end use of a re­
source. This might include the selling of space on 
an airUne, the dischargc or retiring of an employee, 
the scrapping or selling of a capital asset, or the 
discontinuance of a service by a government 
agency. 

The Ufe cycle serves as a vebicle for structured, logical, 
c:Omprehensive identification or the processes by the 
team. 

Basic Steps In Defming Processes 

An overview of process identification is provided by 
Figure 11. Taking the product/ service and each of the 
sup¡iort resources through their life cycle provides a 
definition of their respective business processes. 
Because strategic planning and some management 
control are not solely product or resource oriented, they 
must be considered separately to ensure that atl proc­
esses of the organization are identified. Two examples 
of processes that involve aU enterprise · 
products/services and resources are determine corpo­
raltt strategy and formula/e resource policy. 
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After the product and each of the supporting resources 
have been taken through their respective four-stage life 
cycles and the processes have been identified, it is no 
longer necessary to retain the process/stage relation­
ship for process definition, but it will be helpfullater in 
defining the information ~rchitecture. Since the life 
cycle is an artificial mean$ f()r direc.ting the team's 
thinking, very little .time should be spent deciding in 
which stage.a given process appears. The recording of 
the process is more important than the stage is appears 
in. 

· The measurement and control processes identified 
under the requirements stage wi11 contain both nianage­
ment control and opera.tional control processes. These 
requirement processes shÓuld he compared to the 
management control processes identified first and any 
redundancies should be eliminated. 

When identifying the processes, the team should use a 
verb/object form for the process name. For example, 
rather than calling a process engineering, the process 
should be called engineer product. This yerb/ object 
forms helps eliminate confusion between the process 
and an organiza.tional Unit. · 

ldentlfy 
product/servlce 
and supponlng 
resourcet 

¡ 
ldentify 
planning 
and control 
processes 

J 
ldentify 
product/servico 
and rewurca 
processet 

J 
Group/split 
processes 

¡ 
Write 
descrlptlon 
of each procen 

¡ 
Relata 
proeeue1 to. 
organization 
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/dentlfy Product/Serl'ice and Supporling Re­
iourr:es of the Organlr.atlon 

For purposes of this exercise it is assumed that there is 
one·major product group Qr that the products aré 

. managed through similar business processes. In the case 
of the public sector and sorne service organizations, it 
wi11 help to go back io the goals to best specify the 
product or service. For example, one might think that 
the product of a health insurance organization wopld be 
its polides, but an examination of its goals might show 
the products to be ( 1) service to the subscriber and (2) 
payment to- the provider. In like manner, an examina­
.tion of the goals might keep one from assuming that the 
curriculum is the major product of a university. 

11 there are two or more groups or families of products 
and services, theo each group or famlly should be takeo 
through the-identification aoalysis. 

In addition to the product/service, the support re­
sources also oeed to be identified. A resource is beSt 
described as that which a business consumes or uses in 
meeting its goals. There are four basic resources that we 
deal with: 

• Materials 
• Money 
• -Facilities/ equipmeot 
• Personnel 

Althou&b the use or these four should be adequate, 
some organizations may find it appropriate to break 

· them down further. For example, a university may 
chÓOse to divide personoel into faculty and administra­
·tive personnel; a manufacturer may choose to divide 
racilities/equipment into buildings and production -­
equipínent. Such divisions can be useful if the team 
feels that the management of these resources is handled 
differently by the organization. 

ldentify the PIYJa'SSl'S of Strateglc P/QJIII/ng 
and Management Control 

With. the preparatory work that was done in coUe<'li!lg ~ 
the information on planning, criticalsuccess factou and 
their measuremeni, and samples of the organization's ~ 
plans, it should not be difficult to ldentify the processes 
involved. They will normally be grouped lnto strategic 
planning and management control. Strategic planning 
may be referred toas the long-rangc plan, the aeven­
year plan, or. the developmenl plan. Ma~gement 

·control may be referred lo,.. the operaling plan, the 
. 01anagcment plan, the resource plan. and aometimes the 

contrae! plan. In wme companics the budgcl may aerve 



as a major too! for management planning and control. 
Examples of planning and control processes are shown 
in Figure 12. 

Stroteglc Plannlng Management Control 

Forecast economy Forecast product 

Deveiop organizatlon plan Plan working capital 

Plan dlvostures/acqulsitions ·Plan staff levels 

Develop organization goals Develop oparational plan 
and objectives 

Develop budget 
Determine product line 

Measure and review 
. performance 

fol¡un: 11. I"WWnnJq¡ aod eocurol proc: ..... 

For a detailed úiscussion of the theory of strategic 
planning and management control the reader may wish 
to refcr to Rob~rt N. Anthony's book entitled Planning 
and Control Systems: .A Framework for Ana/ylu. 

ldentify tire Produd/Servia! and Resource 
Pl'flreSSI!S 

The general approach in identifyiÍlg processes is to take 
each product/ service and support resouree through the 
lite cycle, starting with the requirements stage and 
working through the succeeding stages. Although there 
is no j>rescribed number of processes in each of the . 
stages, most studies result in 30-60 processes for the 

organization being studied. Th- tearn ·"•· .¡¡Id tend to 
identify more processes than nc· css.arv, ·· '•h the idea of 
grouping them later as necessa1 .. 

With the entlre team working •ngcther, it IS helpful to 
drawa large matrix with the pw.luct/servi•e and 
support resources listed across t11e top ami the stages of 
the life cycle down the vertical "•••· There ts no secret 
formula for this identifying ol business processes, so 
one should not be surprised if the first attempt results in 
many more processe• than are needeú and a great 
inconsistency in the levels. iJu not let !hes dcter you; it 
will be corrected during the ¡;rour·ing/splilling of 
processes step. 

lt is very importan! that every ¡.;am m~mh~r participate 
at all times, since business procc"es are !he basis for 
virtually everything that follows in the HSI' study. 
Getting started is far more inl;'aHiant th,ar. .en y theoreti­
cal discussions on the definiti< '" ol a pn>• · " group ora 
·process, logic, theory, or otht!r di\·ersion~. 

·Figure 13 is an example that might result from perform­
ing this analysis with a manufact urcr. 

Group/Split the Proa:sses 

The processes have been idelllclccd by L·onsidering what 
processes are required for strategcc planning and 
management control, product/ strvice, and the suppnrt 
resources. There may be a need to group or split sorne 
of these processes to: 

Product/Service Supponjng R"""rcoo 

T --·- ---- -------- ·-
Men's Apparel Raw Materials Facilicies Cash l'tr'.ouruoel 

Requlroments Establish Busineu Direction .. . 
Comply with Lepl Requirements ----· 

Forocast Proctuc:t Plan Season~~l Production Determin11 .. ,._~ Dete1mine 
Requirements Det~rmine Control 1 

,•,.nonnel 

Analyze Marketplace Facilities and Financia! 1 •'equ1rements 

Oesign Product Equipment Rtn1uiremt1111~ 

1 
R_equirements -· .. ----

Acquisitlon Schedule and PurthaseRaw Acqulre Manctye C.ul• 1 1 lire 
Control Material• Facilities and Aeceipts renonnel 
Production Equlpment 

.. 
·-

Steward~ip Control Product Control Raw Maintiin Determine Manage 
lnvlilfltOfy Material• Equipmen! Product Pt:rsonnel 

Ship Product lnventory Manage Protitabllity 

Facilities Manag8 
' Accwnu -··---·-· ·-- -----

Disposition Advenlse and Schedule and OispoM of M,Hl<t9fl Cuh f tW"fT!inate 
Promote Producl Control Focilitiesend Ot,L.tursem"nts f'd$011001 

Market Product Production Equipment 

Enler and Conlrol 
Customer Order i 

Figure 1 J. Samplc procesa identifica don f01 a manufacturer 



.. 

• 

Reduce inconsistencies in leveL If, for example~ a 
manuf acturing firm has identified a process. called 
prOduce the product and also one called administer 
health benefits, this would indicate a difference in 
leve!. The produce-the-product process should be 
broken down into severitl processes and/ or the 
administer-health-benefits process should be 
grouped with other personnel processes to bring · 
these processes to the s¡¡.ri¡e levet 

Combine the processes where commonalities occur . 
As an example, purchasing may have been identi­
fied as a process in the acquisition stage, not only 
for the product but also for materials and facilities. 
Assuming the processes are similar,· these should be 

· combined into one proi:ess. As the process were 
grouped during the requirements stage, there may 
have appeared processes entitled manpower load­
ing, develop workflow plan, and schedule supply 
materials. These three might be grouped with the 
management control process of develop operational 
plan. · · 

Write a Description of Each ~ 

A member of the team should have been making notes 
on the decisions and activities associated with each of 
the processes as they were defined by the groilp. 
Although this is a laborious task, it is absolutely 
mandatory if the process descriptions are going to 
reflect the kn!>wledge of the team and the amount of 

. time that has been spent in defining them. The descrij¡­
tions may be either in list or narrative form. 

The following are examples of process descriptions 
(further descriptions may be found in Appendix E): 

Plan productiott - The activity of planning for and 
coordinating materials, personnel, and machines in 
order to produce the finished products needed io· meet 
forecasted requirements. Included in this process are 
the activities of: · · 
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• . Capacities and capabilities planning - the balanc­
ing of production need with ability · 

• .. Scheduling - the scheduling of labor and material 
· needs to meet production and shipping r~q¡¡ire­
ments; 8lso, the scheduling and balancing of the 
product mix 

' . . 
• Material requirements -. the calculation of raw 

material. needs to,meet a schedule, recogDiZUlg . 
optimum inventory levels, economic orde1 quanti­
ties, substitutions, and related information 

• Costing - establishing standard raw material costs 
and product costs on the basis of these and other 
manufacturing and administrative cóst factors 

. ~ mw materiab - The activities of acquiring 
materials, machinery, and supplies of specified qilality 
on a timely basis at the best price. Included in this 
process are the activities of: 

•. Supp/ier evaluation and se/ection - the searching 
for, evaluation of, and selection of suppliers who 
meet requirements for materials, packaging,. equip- , 
ment, and delivery at competitive prices (includes 
interna! search) . 

• Order placement and fol/ow-up - the actual 
placing of purchase orders with approved suppliers 

· for quantities of raw materials as specified (may 
include raw material routing) by production plan­

: ning, or for equipment acquisitions approved by 
· management (includes release of customer­
purchascid materials) 

• Receipu and inspection - the receiving or return-
. ing of purchased materlais, machinery, and sup­
plies, veruying quantity and qilality, and document­
ing the activities · 

• j 



•• 

• 
,. t:.:j ". ~ .. ' . . }_ . ~:.~ .. -'_., __ ! lt.·• .• '. ~~-

Relate the Busine.s."' hA •s..., to the . 
OrganiUition 

.. 
Once tiie ·businesS processes are agreed u pon and , 
desciibed, they can be related tó the organizational 
structure of the business to belp the study teamidentify 
any additional people that sbould be interviewed and to 
further clarify their understanding of the business 
proces5es. Some teams may wisb to complete this 
matrix before cómpleting the process descriptions. 
Relating the organizatioó to the processes also;belps the 
team determine the information needed from the 
interviews, sucb·as verification'of.executive involve-
ment in the processes. ·.'. · .. : ·:·. •· · ., ... 

' - ,• .. l .... • • ,- ~· 

To relate tbe business processes to the organizational 
structure of-the business, the team develops a . : ... _ 
process/organization.matrix. Essentially, this.ls:a·, ·. 
graphic representation of one·aspect of the manage­
ment system of the organization·because it illustrates . 
wbo makes the declsion in eacb of the p¡oCesses. 

To prepare the process/ orgaJÚZl!tion ~atrix, .the study 
team uses the business processes already i¡Jentified. 
Using tbeir knowledge and. perspectivo of _the business 
and the organization cbarts from the study preparation 
pbase, tbe team members identify tbe organizational 
units involved in tbe processes. To simplify this task, 
tbe following IBM forms are available: BsP Matrix 
Form, Large Grid (GX20-2HO) and BSP Matrix Fono 
Small Grid ( GX20-235 1 k • . ¡ . , . • 

·,,! . . ' .· : •, ~ . 
Since the BSP study is intended to provide a broad 
overview of the business, not every .organi,zationai unit 
is identified. Furthermore, common similar organiza­
tions can_sometimes be represented as one organiza­
tional.unit For example, 100 sales offices .. may ~ 
listed as a single unit. WQere feasible,,plruits and 
laboratorios should also be grouped into units. One­
unit representation is also generally approprlate when 
organizations of different scopes are doing the same 
job. For example, a financia! planning organization 
may bave tbree departments, eacb focusing on separate 
divisions. Tbe mission of ali !bree is still financia! 
planning, and tbey can be represented by one organiza­
tional unit Tbe process/ organization matrix is illus­
trated in l-igure 14. 

Once the proeesses and organizational units are ar­
ranged on tbe matrix, tbe study team completes the 

' •• • .• •''" • .. •· • 1" - ' .·.- .- '- ! 

matrix by indicating tiÍe degiee to whicb éach organiza-
tioBal unit is lnvoived in the proeesses. Tbe following · 
s}>inbols ~ ris~d in Figure 14 to indicate:the dégree of 

! - •J,• j • ., - • ' 1 

invólvement: ; · · ·· ' · ·' · · · · · 
. ' ' ' -~ l : f •• ; • : 1 

181 M~J~r ~~ibility Mid decision milker 
181 Majar involvemerit in the process· · 
IZI. Some m'volvemént in the process : 

Tbe above defmitions defme the levels of decision 
'tDáking ~\llilíihe·organiz~don~·if ihese definitions aro 
not suitable: tlie teain sbould cu5tomize them. 

" , . .. . . . . . ' . 

S~ch indica_íón do not describe tlÍ~ actual responsibili­
ties of, eaéli of the organizati01i Wiiis but serve only as a· 
guÍde t~ &ssi¡p¡ed respans.ibility for and irivolvement in 

' '- - 1 ' • • 

a próce'ss. Some busines.Ses bave 'round ibis matrix to 
be va!W.bíe ~tet tbe ~hidy aS a; index lo a manage­
méní sys~hi' ~u'al. m" which the{devélop responsibil­

. ity'and'activity statements for eácb of the 
· pró&sii/ órg~JrlZation intei'séc!S.' ' 

Tbe process/ organization matrix l¡elps the study team · 
validate the list of indiViduaJS to be interviewed and 
determine the questions to be asked of the individuals· 
resi>onsible for the processes.' To authenticate the 
matrix, eacb person interviewed by tbe team should be 
asked to. confirm or'correct tbe portion of tbe matrix 
sbowing bis responsibility or involvement. 

Tbe proCés5/organization inatrix silmetimes will show 
. Óverlapping responsibility and decision-making authori­
ty for a process ora lack of decision-making responsi­
bility for a process where it normally would be appro­
priate. ·.Sucb P<>tential ptoblem areas are clarified later 
during the executive interviews. 

. ' ,. . ' . 

Results (Output) arid Tlleir uses .. • '' - '. . ' :. ' 

l'Ít~ ¿utput to be e~J,ecte~ from' defining'the business· 
processes consists of: · · ' · ' · · · .. 

·., 

l. A list of processes 

2. A description of each of the processes 

3. A process versus organization matrix 

4. Team understanding of bow tbe organization under 
study qperates and is inanaged and controlled 

Chapter 6. Dcfining Business Proces5<S 33 
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As mentioned earlier, business processes serve as the 
base for most of the activities that foUow. Tbe ultimate 
use of the business processes is to identify opportunities 
and requirements for the use of information systems to 
support the business. That is also one of the basic goals 
of the BSP study. 

Expansions and Variations in Approacb 

Although foUowing the.above procedure should result 
in weU-ddined processes and supporting material, other 
considerations and vanations are worth mentioning. 
The more salient of these are covered in the remainder 
of this chapter. 

Delte/op/ A.na/yz,e Product and/or T1'tlllflldion 
Flowcluuts 

A flowchart of the product/service processes (see 
Figure 15) serves severa! purposes: 

• lt helps in verifying that aU the processes have been 
identified. 

• lt helps in determining if the team reaUy under­
stands the business processes as5ociated with the 
product/ service. 

.......... --· 

--· 

Admininw ..... 

• 

• 

lt serves as a model for the subsequent defmition of 
the information architecture. 

' ' : 
' 

lt helps in identifying the prócesses involved in 
managing the supporting resources. 

Outside Assistance 

Even though the team members were selected because. 
of their knowledge of the en tire business unit, there 
may.be gaps in that coverage. If so, the team should 
get outside help where necessary for a thorough 
understanding of the processes. 

A.ltemate Methods in Identifying Bu.riiii!Sf 
Processa 

Predefined checklists of processes may be used for the 
business being studied. Tbese may be found in Appen­
dixes C, D, E, other BSP studies.,trade publications, or 
mM industry publications such as those for the Con-. 
sumer Based Information System (CBIS) or the Commu­
nications Oriented Production lnformation and Control 
System (COPICS). If this method is used, care should be 
exercisedso that the processes are weU understood by 
aU the team members and represen! the activities and 
decisions of the business being studied. 

O.tltfmine 
M.tet'-1 
flequir~rr.na 

Ship Protbn 
10 Cuno"* 

----------------------------~------TIME----------------------------------· 
Figure 15. Example ol lbe now ol a 'procluct/lefYic:e lbrnugb a busfaess 



Chapter 7. Defining Business Data (Business Entities and Data Oasses) 

Once the business processes have been identified, tbe 
next step is to identify and define business entities, data 
classes, and tbeir relationships. 

.• 

A business enii(Y is something of lasting futerest t~ tbe 
enterprise - sometbing abóut which data can be stored 
and which can be uoiquely identified. Blll!iness entities 
are what the enterprise manages and tbey serve asa 
basis for identifying the data needs of tbe enterprise. In 
addition, business entities provide a foundationJor tbe 
definition of the enterprise's information architecture. 
This architecture, which normally is developed follow­
ing the BSP siudy, will provide the guídance necessary 
for ongoing dat-~ base design. Therefore, tbe identifica­
tion of entities and tbe definition of tbose entitiesare a 
valuable output of tb.e BSP study. 

A data class is a logical grouping of data related to 
tbings (or entities) tbát are significan! to.the organiza~ 
tion. Such grouping permits a long-range information · 
architecture to be identified.' The data chisses should 
represen! data that must be available for business. 
activities and decision making. They should no/ 
represen! a particular formal (e.g.,.report or display) of 
how.the data is currently being used, since tbis would 
coofuse the·existing implementation with the data itself. 

Data· el as ses are identified in arder to: 

• Determine data sharing requirements across 
processes. 

• Determine data tbat is necessary but either. unavail­
able or insufficient for business use. 

• Establish tbe groundwork for data policy fonnula­
tion (including data iiltegrity responsibility). · 

To enable assigoment of respoosibility for data integri­
ty, data classes must be defined 'so that there is one and 
only one process that creates each data class. 

The BSP study should include al! required data. Current­
ly, sorne of it may be automated, sorne may be proc­
essed by manual systems, and sorne may not be record­
ed at all. Further BSP analysis (partiCularly cixecÚtive 
interviewing) will enable the team to determine which 
data classes néed to be enhanced (or upgraded) to 
improve business decisioos. 

The study team should define each data class identlled • 
. The definitions should be in complete sentences, witb 

enough detall to differentlate clearly one data class 

36 

from anotber. In most c:aSes, tbe study team will 
identify 30 to 60 data classes. 

Once business entitles are identlfied, each business 
process is examined fór data tbat the business process 

· uses and creates. This data is then associated witb tbe 
. entity 'tbat it describes. Data classes are then identified 
by grouping data in such a way tbat one and on.ly one 
process creates each kiod of data. Finally, the defini­
tloos for each data class can be written. Data class and 
business entity examples can be fouod in Appendix E. 

In summary, tbe definition of data classes takes four 
steps, as follows: 

l. Identify and define business entlties 

2. Determine data usage and creation for each procesa 

3_. Identify data classes 

4. Define ~ata classes 

The balance of tbis chapter covers tbese steps in detail. 
-¡. 

Identify and Def'me Business Entities 

A business entity is sornething of lasting interest to an , 
orgaoization- sometbing•tbat an orgaoizatión wishes 
to keep data about. Entlties may be interna! or externa! 
to an organizatlon, and can be categorized as one of tbe 
following: person, place, tbing, concept, Ór event. An 
orgaoization must be able to identify each Occu.rrence 
'of an entlty uoiquely. Therefore, each entity should 
have a uoique identlfier associated with it. For example, 
tbe uoique id,entifier for tbe employee entlty co)lld be 
employee number. 

Thc BSP te~ can use tbe above categories of entitles to 
help structure tbeir entity discussioos. A partiallist of 
entitles for a manufacturing company might include: 

• Penan:· employee, customer, supplier 

•. Place: tetail stcire, warehouse, plaot 

• Thing: equipment, part, product 

• Concept: job, legal requlrements; organizational 
uoit . 

• Event: purchase order, shipment, customer arder 



After identüying an initial set of entities, the team 
should review the list and combine and/ or split entities 
as necessary to arrive at a useful number of entities­
comprebensive enougb to cover the scope of tbe study 
and roughly equivalen! in level of importance. Eacb 
entity should be carefully defined in detailed and 
complete sentences. 

Determine Data Usage and Creation for Each 

Process 

Tbe second step in data élass defmition is to identify 
wbat data must be available and wbat data is created by 
eacb business process. To do this, a data usage analysis 
sheet is completed for each process (see Figure 16). 
Tbe BSP team must identüy, for eacb process, the types 
of data that are used lo perform tbe process and the · 
types of data that the process generales. Each type of 
data identified is matched to tbe entity it describes. 

At least two advantages are gained by first identifying 
wbat data is needed and then relating that toan entity. 
First,•the exercise Corees a clarüication of business 
entities - omissions and inconsistencies becoming 
readily apparent. Second, when all usage analyses are 
complete, the relationships between processes and data 
about entities will have been established. 

Identify Data Classes 

This knowledge of the relationship of data to processes 
leads directly to the identüication of data classes. 

:'A data class represents a categ<iry of information about 
an entity. Tberefore, an obvious choice of data classes 
would bC to assign one category of information to each 
entity. However, in order to be able lo manage the 
integrity of data, there must be no more .than one 
so urce f or its creation - one so urce that will be beld 
accountable for its accuracy, currency, etc. Tbus, data 
about each entity is broken into multiple data classes 

· ·wbenever m u! tiple processes create düferent data about 
the same entity. Typically, a BSP study will define 30-60 
data classes. 

Looking al the "Data Created" column in data usage 
analysis, it 1s possible to identify entities for which tbere 
must be more than one data class. Por example, since 
the analyses in Figure 16 show three düferent processes 
creating three düferent kinds of information about 
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employees, there sbould be three data classes. associated 
with the employee entity: Employee Requirements, 
Employee Description, and Employee Status. In the 
same example, only one process creates any data about 
the entity "job;" therefore, only one data class needs to 
be associated with "job." Each business entity must 
have at least one data class associated with it. Con­
versely, ea~h data Class can be associated with only oqe 
entity. 

Sometimes it will appear that two prócesses are creating 
the same data about an entity, making it impossible to 
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define two separate, 'distinct data classes. In sucb cases, 
one of tbe following strategies sbould be used: 

• Recognize that the same data could be describing 
two different entities. For example, tbe equipment 
entity may really be two entities: production 
equipment and transportation equipment. Status 
data about each of these eniities would most likely 
be created by .differ~nt processes .. If a new entity is 
discovered, it sbould be named, added to tbe list of 
entities, and defined. Appropriate data classes 
should tben be created for it. 

• Factor tbe processes. Separate that part of tbe 
different processes tbat creates the same data. In 8 

BSP study for a petroíeum company, three processes 
created purchase orders: engineering, production, 
and production equipment maintenance. To resolve 
Ibis problem, tbe puicbase,.order creating part of 
each process was factored to form a new process 
called purchasing . 

. , . 
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• Combine processes into onÓ process. If tbe procea­
es are perf ormed in successión, it might máke sense 
to cómbine them into a. ~ingle process. · 

AsSOc:iating responsibility for data integrit}> witb a 
particular process is really tbe first step in establishing 
im organizational d!lta policy. Tbe analyses done at tbla 
point also serve to refine tbe defmitioils of botb 
processe~ and entities, and wi11 prove helpfullater in . 

. establishing data dependencies. 

Derme Data Classes 

As 8 final step, each data class should be defmed in 
complete sentences (see Appendix E). the definition 
should include a description of tbe type of data includ­
ed in tbe data class and some specific examples tbereof. 

t 
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Cb~pter 8. Defining Infonnation Architecture 

Alter data classes ha ve been identüied, the relation­
ships between data classes and busineSs processes must 
be established. This is done to ensure that: 

.. • 
• A1l needed data classes.(and processes) have been 

identüied. 

• One and only one prbcess creates each data class. 

The tool used to establish process/ data clais relation­
ships is the informa/ion architecture or process/ data 
class matrix (see Figure 17). · The steps for creating this 
matrix are: 

l. 'List the processes dov/n the vertical axis. Begin 
' .. w¡th the processes of strategic planning and man­

agement control; then list the processes associated 
With product/service in life-cycle sequence; and, 
finally, list the processes for managing the support­
ing resources. 

2. List the data classes across the horizontal axis. 
Begin with the first process and list the data classes 
"created" by this process (put a "C" at the inter­
section of the appropriate process row and data 
class column). Continue until all data clásses are 
listed. Where possible, group data classes by 
business entity, but ensure that the sequence of · 
data creation prevails (this is importan!). For 
example, in Figure 17, notice that employee re­
quirements and other employee data classes are not 
grouped because of creation sequence. Figure 18 
reveals that these data classes are ac1ually part of 
different data groupings, controlled by different 
information systems supporting different areas of 
the business (proceSses). 

Noú: Make sure "C" (create) is defined correctly. 
lt should mean that the identüied process is the 
best source for ensuring the integrity of the data 
class. 

3. Across the row for each process, place a "U" in the 
column for each data class used by that process. 

4. Verify lhat all required data classes are present and 
that each data class has one and only one creating 
process. 

When completed, the process/ data class matrix be­
comes an importan! analytical tool for: 

• Verifying data class identification 

• Communicating data sharing concepts 

• Analyzing data problems 

• Determining dependencies between applications in 
the architecture. 

Some organlzations find it useful to represen! the 
information architecture as a flow diagram developed 
from the process/ data class matrix. Such a diagram 
simplifies the overall picture of required inf ormation 
flow in the organization by grouping closely related 
processes and data classes and indicating how data 
flows between them. In this way, the diagram provides 
a vivid illustration of the need for sharing data across 
the entire organlzation. Figure 18 shows an information 
architecture flow diagram developed from the matrix in 
Figure 17. The rest of this section explains the interven­
ing steps needed to develop this diagram. 

Noú: The gr<iuping of processes and data classes may -
be a useful vehicle for subdividing the post-BSP work. 
The implementation team may choose lo develop plans 
to implement applications and data bases for one group 
ata time. 

Developing the Flow Diagram 

An information architecture flow diagram can be 
de-<eloped by following these steps: 

l. Rearrange the axes of the process/ data ciaSs matrix 
(if necessary). 

2. Determine process groups. 

3. Determine data flow between process groups. 

4. Simplify and complete the graphic. 
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Rearrange the Axes of the Process/Data Class 
Al~á . 

Ir necessary, arrange the processes on the process axis 
such that those sharing a lot of data are next to each 
other. This is facilitated by listing the management 
control processes first, f oUowed by the remaining 
processes, in life-cycle sequence for each product, . 
service, and resource. In Figure 17 the first six process­
es listed are management control processes. Tbe next 
eight relate to the product and are listed in life-cycle 
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sequence: the requirement processes of "analyze 
.. ' 

marketplace" and "design product" are foUowed by the 
aci¡uisition process of "buy finished goods," the 
stewardsbip proéess cif "control product inventory," 
and the disposition processes of "sbip product," 
"advertise and promete product," "market product," 
and "enter and control customer order." Following the 
product-related processes are those for raw materials, 
facilities, eash, and personnel, listed in life-cycle 
sequence for each resource. 
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Reairange the data class axis so that the data classes 
closest to the process axis are those created by the first 
process Usted, the next closest are created by the 
second process, and so f orth. In Figure 17, the first data 
classes Usted - "objectives," "policies and 
procedures," and "organization unit description"- are 
all created by tbe first process Usted, i.e., "establish 
business direction." The next data class Usted, "product 
forecasts," is ereated by the second process Usted, 
"forecast product requirements." This arrangement of 
data classe.• will cause the C's in the maírix to appear 
along the diagonal. 

ldentify Proa:.u Groups 

Identify groups of processes that have similar pattems 
of data usage. For each group, identify all the data 

· i:lasses created by the processes in that group. In Figure 
19, the management control processes were grouped 
together beca use they were seen to ha ve similar pat­
terns of data usage. The "analyze marketplace" 
process was added to Ibis group because it uses sorne of 
the same data as the management control processes and 
it creates two of the data classes used by these process­
es. ·The data classes created by Ibis first group are easily 
identified because of the sequence in which the data . 
classes are Usted. The first 13 data classes are created 
by the processes in the fuSt group and, as such, are 
associated with this group. 

Determine Data Flow .8etMleen Proa:.u Groups 

ldentify the flow of data between process groups. 
Whenever there is data used by a process and that data 
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is created by a process in some oilu!r group, draw an 
arrow from tbe creating group to tbe using group. In 

· Figure 20, tbe "sbipment" data class is used by tbe 
, · "forecast product rei¡uirements'' process, but it is 
·created by tbe "sbip product" process. This relation­
sbip requires tbat an arrow be drawn sbowing flow 
from tbe group to wbicb "sbip product" belongs to tbe 
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group to wbicb "forecast product requirements" 
belongs. All U's outside group lioundaries represent tbe 
need for data flow. Wben all U's are examiried and tbe 
necessary data flows represented, tbe result will be a 
flow diagram (Figure 21 >. 
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Simplify tire G1Y1J1hic 

For presentatíon purposes, it is useful to simplify the 
flow diagram. The most common ways to do this 
simplificatíon are to: 

• Remove the C's and U's. 

• Use two-way arrows. 

• Move rhe groups of "processes and data classes to 
confonn to the stylized infonnatíon architecture 
shown in Figure 18. 

Figure 18, which appears near the beginning of this 
chapter, is the result of applying these techniques to 
Figure 21. 

® 
The Completed G1Y1J1hic 

The completed architecture drawing is a very useful 
management communicatíon tool because: 

• . It is the team's recommendatíon for Iong-range 
information systems implementatíons. 

• It identifies the informatíon systems (the blocks or 
boxes) that fonn the long-range plan. 

• It shows the data controlled by each infomiatíon 
system (reading vertically). 

• It shows the business processes mpported by each 
informatíon system (reading horizontally). 

• It shows the flow of informatíon between the 
various informatíon systems (the Iines and arrows) 
and thus shows the flow of informatíon through the 
business itself. 
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Chapter 9. · Analyzing Current Systems Support 

Up to now; the team has been developing a new 
perspectivo of the business- leaming to Jook at the 
business in terms of business processes and the data 
classes necessary to perform them. Now the team must 
develop a firm understanding of how data processing 
currently supports the business, in or~er to develop 
recommendations for future action. This section 
describes !he use of data gathered and presented as part 
of the 1/S review as well as the organization, process; 
and data class information to develpP. perspectives on: 

¡ 

• I/S support of processes. The ~rganization/process 
matrix developed in Chapter 6 is almotated to 
indicate which current systems support the business 
processes. 

• Usage of current data. A data file versus data class 
matrix should be developed to identify the data 
available in existing application5. These data classes · 
should then be related to the entities about which .. 
the enterprise needs to store data in order to 
manage effectively. , \; . 

Although the matrices provide an overview of the 
curren! and planned data processing suppórt of the 
bus~ess, Íhey cannot indicate present problems, the 
· enent of support·needed, or the value of this support to 
each of the processes. Such information is obtained 
Iater during the executive intervlews. These matrices, 
together with the output from the .executive interviews, 
help the study team determine the:architecture · 
priorities. 

Appendix F contains examples of matrices from other 
industries. ' ~ · 
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Review 1/S Support of Processes 

To obtá:in a business-wide picture of existing and 
planned data processing support, the study team should 
create a system/organization matrix (Figure 22) ora 
system/process matrix (Figure 23). These matrices 
identify which organizations involved in the prócesses 
are receiving application support. This enables the 
study team to identify: 

• .Processes receiving no current systems support 
• Processes receiving systems support in some 

. organizational u!Íiis, but not aJJ 
· • . Potentially redundaJ1t systems 

ldentify the Use of Current Data 

The team needs to understand what portion of the data 
classes is currently automated and which systems utilize , . 
which data. The nen matrix developed by the study 
team, the present system/data class matrix (Figure 24), 
provides this understanding. The systems shown in 
Figure 22 form the vertical axis of this matrix, while the 
data classes, grouped by similarity; form the horizontal. 
An X is placed in each appropriate box to show which 
data classes support which systems. 

This matrix sheds more light on hów much data is 
shared·by various systems. This, in tum, belps point. 
out the need for a data base approach to provide 

. éonsistency of data. The information gathered bere will 
· also be useful Jater in developing implementation 

priorities. . 
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Chapter 1 O. lnterv~ewing E~ecutive~ 

The top-down approach of BSP dictates that there be 
executive input. Executive perspective le gained by 
conducting two- to four-hour interviewli wlth 20 to 30 
executives from the top levels of management. The 
purpose of the interview is to: 

o 

o 

o 

o 

Validate the processes, data classes, organization, 
and their interrelationships. 

Clarify the future direction of the business and its 
impact on the information requirements. 

ldentify and document the business problems so 
that they may be related to business processes and 
data classes. 

Quantify, where possible, the value of solving the 
bilsiness problems. 

&eh interview is conducted in the BSP control room 
where the charts and matrices are displayed for valida- · 
tion and discussion, and where interruptions are least 

f 
likely to occur. ·· 

There are four major phases to the BSP interview 
process: 

. 1. Make general preparations for inte,:viewing. 

2. Make specific preparations for each individual 
interview just prior to conducting it. 

3. Conduct the interview. 

4. Summarize ea eh interview and analyze the results. 

Eách of these phases is discussed in the foUowing 
sections. The tasks to be performed are listed at the 
start of each section and the task control sheets for aU 
phases of interviewing are found in Appendix J. 

For purposes of discussion, it is assumed the team is 
large enough (at least six people) to have two groups of 
interviewers. lf the team is smaUer, it may not be able 

' to conduct two interviews per day and it will bave les> 
time that can be aUotted to coroUary activities. 

With two interview groups, each group should have 
time to prepare, conduc,t, and summarize each inter­
view. AdditionaUy, the executive is more likely to be 

i:ompletely frank and at ease with only three or four 
· interviewers. Because a •plit tea!!' i::!troduces a commu­
. nication ptOblem, it is iill¡,ortant that the entire team 

· review the intervie.w immediately upon i•.s completion. 

Make Genenil Preparations 

The executive interviews are the primary source of 
information for determining the business problems anrl 
management's need for 1/S support in overcoming thoso 
problems and supporting new opportunities: lnterview­
ing and interview analysis consume more time than any 
other activity in the study. Therefore, considerable 
preparation iS warranted before starting the individual 
interviews. This section deals with that preparation. 

The team should assume that the tasks outlined in 
Chapter 4 were perf ormed during the !rtUdy prepara­
tion; specificaUy, that the executives has been briefed, a 
list of topics to be discussed has been given to tbem,, 
and executive interviews have been scheduled. 

The importance of the information derived from·· 
interviewing and its relatlonship to the other categorie~ 
of information that are developed during the atudy are 
represenied in Figure 25. There are three d!Stinct 
categories of information -. that which is: 

l. Gathered before the study 

2. Developed during the pre-interview activities . ' . 

3. Developed/validated/clarified during the 
interview 

As ean be seen in Figure 25, before the begÍnning of 
the interview, facts are gathered on the bus~ess 
operations, enViroDID;ental impacts, objectives, cr1.ticai 
success factors, plalming méthóds, contro: niethod.<, 
and business resources. · Prior to the io.temewee's 
entrance into the control room, the· teaill has derive.d 
the major corporate-wide problems Md oppórturlties 
mainly through anexaminatioh of the enllironmental 
impacts, ob¡ectives, and ciitical success facto::s; they 
h•vc iJcntifled and described the business prooesses 

· and. Jata cl~sses by an examination o! the pl~g 
methods, control methóds, and the busi'le.~s resources. . . . . 

/ 

i . 
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During the interview, and through án analysis of the 
organizational responsibilities; the team is.able to 
delineate the problems and opportunities and establish 
the pi'oblem and process/ data class relationships. They 
then extend these to the output shown in Figure 25 as 
problems, data classes causing, processes causing. and · 
potential benefits of solving. 

The tasks to be peñormed in getting ready to interview 
are: . 

• Defme expected output from interviewing. 
• Confum the interview schedule .. 
• Prepare the team leader's letter to interviewees. 
• Establish note-taking procedures. 
• Make charts for interviews. 
• Set up the control room for interviewing. 
• Prepare a set of questions. 
• Establish administrative procedures. 
• Conducta practice interview. 
• Plan coróllary activities. 

Each of lhese tasks is discussed in the foUoWing 
sections. 

Establislr Expectetl Output from Interl'iewJ 

Using the previously defined objectives of the BSP study 
and the outline of the final report, the team members 

1 

Business Entties 
processes t 

Data 
classes 

·Organization 
responsibilities 
and information 
requirements 

' 

Poientlal 
benefits 
of soiYing 
problem 

should list the output they expect to get from the 
interviewing of executives. For example, they might 
list: 

• Each executive's critical success factors, objectivea, 
and bis environmental impacts. 

• Problems and opportunities identified along with 
potential solutions and values. 

• An understanding of the impacts of planned 
changes. 

• More thoroughly defmed business processes and 
data classes. · 

• Better understanding of each executive's informa-· 
tion needs related to data classes. 

• Identification of apparent inadequacies in present 
information resource management. 

The team should make a list of these as a point of 
reference for future checkpoints during interviewing to 
determine if the required results are being obtained 
from the interviews. 

ll is important to note that later m the BSP process, th• 
team will reduce the results uf the interviews to a set 
unique information problerns, relate those problems to 
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areas of tbe information architecture, and tben se­
quence tbese problem arcas via a piioritization process. 
The prioritization criteria should be· weU understood so 
that during ~e interview t}¡j! team wiU pay attimtion to 
gathering data that wiU prove helpful during,prioritiza­
tion. See'tbe discussion under "Problems"later in this 
cbapter for sorne ideas regarding executive value 
judgment as a source of data for prioritization. 

Confirm IM Interview Sclrsdule 

During tbe BSP study preparation, tbe team identified 
tbe executives wbo should be interviewed. Now, aided 
by the organization/ process matrix, tbe team can 
confirm its earlier list of interviewees and identüy any 
otber executives that should be included. Two ques­
tions wiU aid in this confirmation: 

• What specüic parts of the organization are involved 
in eacb or tbe processes? 

• Witbin tbe organization, must otber people be 
interviewed to adequately determine tbe problems, 
objectives, and information requirements? 

Any additional interviewees should be selected judi­
ciously to keep the number at a minimum, A decision 
r or additional interviewees should be made by tbe 

"' · :· executive sponsor upon the advice of tbe study team. 

'rl: 

After tbe interviewee list has been confirmed and new 
names added, tbe interview schedule sbould be con­
firmed with eacb of the executives. The new candidates 
sbould be briefed prior to tbe interview. 

Prepare the Tf'illll Leoder'1 ~er to IM 
Interviewees 

The purpose or tbe team leader's letter is to confii'DI tbe 
time and place or tbe interview and to let tbe interview­
ee know wbat to expect. The letter sbould cover: 

• Time, place, and expected lengtb or tbe interview 
• Objectives of tbe interview 
• Subjects to be discussed 

The sample letter in Appendix B assumes tbat tbe 
interviewee was at tbe executive orientation, tbat.tbe 
interview was previously scbeduled and confirmed, and 
tbat tbe subjects for discussion were covered in tbe 
executive orientation. The letter sbould be sent 
approximately five days before tbe interview to give tbe 

·k interviewee time for. preparation and yet not so far 
abead for it to lose its effectiveness. 

52 

Establish Note-Taklng ProceduiY!S 

Good note-taking is as importan! as good discussion­
leading during an interview. After two or more inter­
views, it is difficult to remember aU of tbe major points 
and tbe context in which tbey were made. In a team or 
tbree or four people conducting an interview; at le.ast 
two or tbem sbould be responsible for taking notes to 
ensure adequate reconstruction of tbe issues during tbe 
analysis and documentation or tbe interview. · 

Maú Cluuts for tM Intervlews 

Cbarts in tbe interview room serve many purposes: 

• Reinforce tbe purpose and approach of tbe study in 
order to prepare tbe interviewee to accept and 
support tbe final study recommendations. 

• Act as a reference for eitber tbe interviewee or tbe 
team to use during discussion. 

• Expose tbe interviewee to tbe findings and conclu­
sions made to date. 

o Act as an outline to lead tbe interviewee tbrougb 
aU or tbe subjects necessary to gel tbe information 
required. 

Most of tbe cbarts bave been discussed in previous 
sections of this manual. Many of tbem were develoPed 
for tbe start of tbe study, while otbers, sucb as tbe 
business processes, tbe business , 
process/ organization/ systems matrix, and tbe 
process/data class matrix resulted from tbé pre­
interview tasks. The foUowing paragrapbs discUss 
points tbat may not be obvious. ' 

The business process cbarts sbould sbow tbe piocess 
groups and tbe ·processes under tbem so áS to aUow 
discussion and understanding of tbe tern("business . 
process." It sbould furtber give tbe intemeweé a broad 
overview of aU business processes beforé any detailed 
discussion or eacb business process is dobe using tbe 
prOcess/ organization matrix. ' · 

The proces8/ organizatioñ matrile should :be lar~e, 
clearly printed, and bave heavy (or coloted) lines 
dividing process groups and organizatiort segments so 
asto make it easy to foUow. In additiori·:to tbe liDes, a 

, piece of tbin light-colored aceta te to covbr tbe line or 
lines being reviewed by tbe executive wiU reduce tbe 
confusion in trying to r~us on tlié correi:t intersection 
on tbe matrix. 

; 

:, 
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Sd Up Room /01' lntervlewing 

Alter the charts are made and put in place, prepare the 
rest of the room. Make the 'necessary arrangements to 
ensure that thore will be no interruptions during the 
interview. If the tei~j)hone cannot be disconnected or 
switched to preve~i ringing, it should be removed. A 
sigo should be placed on the door to indicate that an 
interview is in progress. In those cases where the 
interviewee may not know the first names of each of 
the intervlewers, the team may wish to use name cards. 

Prepare a General Sd of Qumiom 

Befare the interviews are conducted, the study team 
prepares a list of questions that serve as an outline for 
the interview and help to ensure that all the necessary 
p(lints are covered. 

The following is a sample list of questions, with the 
reasons for asking them. Ir an interviewee's response 
does not provide the information desired, it may mean 
that the question should be worded differently. 

Objectlves 

• What are your objectives? 

This question is useful, not Ónly for acquiring informa­
tino about objectives, but because it sets the stage for 
follow-up questions that willlink directly to the 
process/ data class matrix. lf the interviewee is prepared 
for tbis question and knows bis or her objectives well, 
the team will derive a clear perspective of what is 
significan.! to him/her. 

• What are your responsibilities? 

This is a good question for interviewees who may not 
be properly prepared for the objectives question above. 
The answer here will help validate the 
process/ organization matrix. 

Either question should make the interviewee feel 
· comfortable and thereby promete an openness of 
communlcation. 

Because of the limited time available during the study, 
it is not likely that the study team will be able to do 
much analysis on the answers to this question. Also, it 
is difficult to 'get the interviewees to structure their 
answers to this question in a consisten! fashion that 
lends itself to analysis. Therefore, relatively little time 
should be spent on this part of the interview - just 
·enough time to "break the·ice" and orient the inter­
viewee for ensuing questions. 

Measurements 

• Wbat measu:rements do you apply? 

This question sbould uncover. wbich data classes or 
combinations thereof are of significanC!e to tbe inter­
viewee. The measurement question .is'tiány derives from 
the objectives question. If you·know the objectives, JOII. 
can derive measurements. It doesn't matter whether tbc 
question is interpreted as "How do I measure?" or 
"How am I measured?". Both interpretations will. focus 
on data that is significan! to the intervie'wee. 

Unfortunately, the measurement question can be a 
düficult one to answer, especially ¡f the interviewee bas 
not defined bis or her objectives. And, even if the 
interviewee has· a clearly defined set of objectives, be or 
she might not ha ve a well-defined set of measuremeDl 
criteria. 

This is another area where it is difficult to analyze 
answers because of the inconsistent quality of those 
answers. Again, relatively little time should be spent 
here, although .the question itself is a thought-provoking 
one that may yield some value at a later time. · 

Information Requlrements 

• · What information do you need? 

This is a direct, "point-blank" approach to focusing the 
interview on data classes. Although it may yield sub­
stantive responses in sume cases, more than likely it will 
prove unfruitful because the information systems 

. community has been asking management tbis same 
question for years with few satisfactory results. Man­
agement usually responds, "That's what I thought you 
( the study team) were going to tell me as a result of tbc 
study." 

Once again, limited time should be devoted to tbis 
question. 

Note: Although the tbree questions we've seen.so far 
appear to have little real value for the study, they are, 
in fact, very useful for preparing the interviewee for thc . 
key questions that follow. 

Problems· 

• .. What are your (business) problems? 

This is the key question to ask and should dominate !!le 
interview insofar as the time allocated to it. 

Ch8pter 10. Intcrvicwing Executives ~ 



The problem question lends itself to further .analysis 
because it can be easily structured and, therefore, 
documented consistently for each interviewee. Each 
interviewee, without exception, will have problems that 
he or she is willing to discuss. Hence, everyone will find 
the question easy to answer provided they do not feel 
threatened by the interview. 

Furthermore, with some careful and diligent probing, 
the interviewer can determine whether the problem can 
be tied to the process/ data ·cJass matrix by specifically 
identif ying the processes and/ or data classes that are 
causing or aggravating the problem. 

A simple fomiat that is useful for structuring the 
problem statement is: 

Because: (/he cause), the result is: (the effect) 

lf interviewers cannot spare the time needed to "fit" 
problems into this format during the interview, they 
should construct these problem statements later during 
interview documentation/analysis. The importan! thing 
at this point is to probe the problems and gain the 
understanding needed for later analysis. 

The interviewer should determine if the root of the 
problem is some process ("Because we can't do 
something, the result is ... ") or some data class "Because 
we don't know something, the result iS ... ").If the team 
already knows the processes and data classes, they can 
insert actual prO""..ess and/ or data class names in the 
problem d6cumentation, which makes it easy to link the 
problem directly to the process/ data class matrix. 

Wben problems are documented in this fashion for 
every interviewee, analysis of the total problem set 
gathered from all interviews is facilitated. One can 
group all problems having a common "cause" and see 
the overaU, organization-wide impact of the causing 
process and/ or data class. This is helpful in prioritizing 
the process/ data class matrix- that is, in identifying 
the "zones" on the matrix that are significan! to the 
business. 

The "result" clauses provide value-judgment informa­
tion for the analysis. lf these value judgments could be 
quantified, they would provide an indication of the 
potential benefits to be realized by solving the prob­
lems. In a grouping of problems with common 
"causes," the organization-wide effect (or value) is the 
aggregate of all the associated "result" clauses. 

High-level management usuaUy has difficulty quantify­
ing the results/value of the problems. In general,. the 
bigher the level of the issue, the more difficult it is to 
quantify, but the more significan! the issue is. In 
contras!, the lower tb,e level of the issue, the easier it is 
to quantify, but the less significan! it is. 

The interviewer should try to obtain some judgment of 
value associated with each problem for prioritizatioq 
purposes. These values could be expressed in terms of: 

• An absolute (e.g., $250,000) 

• A range (e.g., between $200,000 and $400,000) 

• A percentage (e.g., 30% of curren! costs) 

• A benefit (e.g., industry position, share of market, 
etc.) 

• A relation (e.g., small, medium,large, etc.) 

In summary, the bulk of the interview should be . 
devoted to problems because this area, if diligently 

. pursued and methodically documented, will yield 
substantial benefit to the study team in relating the 
interviews to the structured description of the business 
(in terms of processes and data classes). 

Cbanges 

• Wbat changes do you see in the future (that would 
impact the infrastructures of the business)? 

Any·change in 'tbe infrastructure (e.g., organization 
structure, product structure, distribution structure, 
geograpbic structure, control structure, etc.) basa 
dramatic impact on the· information systems of the 
business. Insight into these kinds of change might 
reveal the val u e of expending resources to design. and 
manage certain data classes, regardless of function. Or, 
they might reveal that sysiems could be designed for 
certain processes, regardless of organization. · 

The question on change, therefóre, provides a useful 
supplement to the question on problems. The informa­
tion obtained can be used during analysis to determine 
whether there is reason to expend the resource required 
to "design for change." 



Crltk:al Succ:ess Fac:tors ( CSF) - Opdooal 

• What are the limited number of arcas in which 
satisfactory results will ensure succ:essful, competi­
tive peñormance for the organization -.the key 
arcas where things must go right in order to suc­
cessfully achieve objectives and goals?' 

The key to this approach is io fmd the things that are 
truly "c:ritical." As potential candidates for a Critical 
Success Factor are identified, it may be useful to apply 
a test to their criticality. A useful test may be the 
converse, "If this factor does not go right, will the 
organization fail?" 

After the Critical Succ:ess Factors are identified, eacb 
one is exantined creatively to develop measurements 
that describe succ:essful (or unsucc:essful) peñormance 
of the organization or its environment with regard to 
the CSPS. 

A framework has been developed to belp locate the 
organization's CSFs and give a reasonable degl"ee of 
assurance that all of them have been identified. It 
specifies tbat there are sorne CSFs inherent in the 
industry in whicb the organizations under analysis 
participate. Some CSFs are peculiar to the organization 
itself as a result of the strategies it.has selected. Some 
are temporal. There are sorne intemal and sorne 
J:xtcmal. Sorne tend to be specific to the interviewee's 
responsibility, etc. 

A great dcal of literature is available' on CSPS as an 
independent subjecL' It is not the intent of this publica­
tion. to duplicate it, but merely to reference it as an 
altemative to sorne of the interview questions. 

The utility of CSFs from a BSP standpoint is that they, 
like the problem analysis, focus the executive's perspec­
tive on the structural descriptions o( the organization 
- the process/ data class matrix. The CSFs themselves 
are likely to point lo the key processes; the CSF meas­
urements point to the data classes. 

To be successful, the CSF approach must permit: 

l. Ea•y recognition as a true CSF. 

2. Reconcilability among different CSFs idcntified by 
different interviewees. 

lA Primlr on Crillcal SUCCUJ Facton. Chri.stine F. BuUen,- John F. 
Rockan, Juno 1981, CISR No. 69, Ccn1cr lor tnlormatioa Syslems 

Rese~h. Sloan School of Managemcnt, Massacbusctts lnstitut.e of 

Technol~gy. 

It tates considerable interview time to properly idl1ntify 
CSPS and develop measurements for them (Le., 4 to, 8 
hours). But, identifying and analyzing CSPS cail. be a 
fruitful experience for the intcrviewee, as weU as the . 
organization. · · 

A useful intcrview stratcgy ~ay be to employ the e 
approach in the. CEO interView and the problcm ap­
proach in other intcrviews. (lf this stratcgy is used; lt 
would be advisable to "practice" on some othcr , , 
exccutivc to gain experience with CSFs befare intcr­
viewing the CEO.) 

Addldooal Questlons 

If appropriate for a given study, additional questions 
may be posed by the interview team, including: 

• What is the most useful information you reccive'i 

• How would you rate your information support with 
respcct to adeqwlcy, validity, timeliness, consisten­
cy, cost, volume, etc.? 

• What is your assessment of Data Processing? · This 
study? · · : 

Cmdion: These additional questions must not detract 
from the interview team's efforts (or use up their time) 
to obtain the executive's perspectives on business 
problems and to focus on the process/ data class 1111 

description or the organization. 

Ertablish Administmti~~e l'rocetlurer 

Some attention to administrative procedures at this time 
can save considerable confusion during the study. 
Without proper administrative organization, copies of 
interviews may get mislayed and thereby bre3c:h 
security rules, extra copies of matcrials pile up, imd 
matcrials are not available when they are needcd. 
Among the administrative items that need attention are: 

• Set up a notebook with dividen for each of the 
team members sothat they can retain copies of. 
material that they reference continually, such as 
copies of the charts that are in the control room, 
overall schedule and study work plan, task control 
sheets, interview schedules, business processes, 
data classes, summaries of interviews, and problem 
analysis sheets. 

• .. Provide for intmediate typing of the interview 
summaries and the problem analysis sheets. 

• Maintain a file of all materials. 
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Conduct.the Interview 

A1l interviews should be conducted in the study control 
. room; here, interruptions are least likely and the · 

matrices and.charts can be displayed on the walls for 
reference. If the team members have properly prepared 
for the interview, they should be able to use the charts 
sequentially and cover all of the necessary material. A1l 
charts should have beco updated with the input from 
the previous interviews. The rooms should be cleared 
of miscellaneous material and name cards should be in 
place ü they are being used. 

Mter the interviewee is introduced, he should be seated 
so that he can see the charts that will be used during the 
interview. This should make the interviewee most 
comfortable and enhance rapport. Be sure that the 
phone is disconnected and that preparations have been 

· made to preven! interruptions. The interview is one of 
. the major sources of input to the BSP study; therefore, 

do whatever is necessary to put the executive at case 
and to extrae! the maximum value from the interview. 

The following tasks are performed in conducting an 
interview: 

• Give the background and work done to date. 

• 

.. 
• 

• 

Explain the purpose of the interview and how it is 
conducted. 

Validate the process/organization/systedl inatrix. 

' 
Cover the.key questions and check the dlibussion 
points. 

Conclude the interview . 

Give BIIC/cground and Work Done to Date 

Assume that the interviewee does not ""'all all of the 
points made at the BSP orientation. Review the BSP 
objectives and schedules, review the interview schedule 
and note the interviews completed to date, and quickly 
review the work done to date. Thc purpose of this is to 
bridge the gap between this and the last contact with 
this executive and to let him know who has been 
interviewed before him. An easy way to do this is to 
give him a quick review of all the charts. 

SS 

Eiplain Pu1'pO<Se oflnterview and How It Js · 
Conducted 

Review with the executive the purpose of the interview. 
The following will serve as a guide: 

• Validate material developed to date. 

• Understand bis responsibilities/ objectives, meas­
urements, and information requirements. 

• Identify bis business problems. 

• Gain an idea of company direction and the effect it 
will have on information requirements. 

The interviewee should understand enough about how 
the interview is lo be conducted so that he is at case. 
He should realize that the charts form the structure for 
the interview and that a large amount of the time will 
be spent on understanding bis problems and informa­
tion needs. Explain the role of each of the individuals · 
in the interview, the confidentiality of what he says, 
and whether or not the notes will be sent back for bis 
review. 

From thú time until the end of the interview, the , 
inlerviewee should be doing more tlllln 80% of the 
talkingl 

Validate Process/ Organization/ System Matrlx 

Considerable use of tbis matrix will enhance the study 
by providing the opportunity to discuss responsibilities, 
information requirements, present data processing 
support, and the problems in relation to each of the 
processes that the interviewee is involved in. 

Care must be taken to avoid using too much qme in 
validating the matrix. A signüicant portion of interview 
time must be reserved for identifying and analyzing the 
interviewee's problems. 

Cover Key QumioM and Check Disctmion 
Points 

Ask the questions as suggested e!lrlier in this chapter 
and ensure that all issues identüied during interview 
preparation are discussed. This is the primary focus of 
the interview. The question on problems, in particular, 
is designed to provide all the data needed to draw 
conclusions and make recommendations regarding 
post-study activities; 



Condude the lnterview 

Be sure that the interviewee has had plenty of time to 
cover al1 points he wished to discuss. The interviewer 
should ask each team member for bis Iast question and 
then conclude the interview by th•nking the executive 
and explaining to him what will follow. 

Document the Intenlew 

Alter concluding the intemew, it is imwrtant that the' 
interview tcam document it as soon as possible, while it 
is still fresh in their minds. The documentation of the 
interview is as importan! as the interview itself. Without 
good, well-structured documentation, it will be impossi­
ble to draw supportable conclusions and make recom­
mendations. 

The documentation must be well-structured in order to 
facilitate analysis and integration of al1 data collected 
during al1 the interviews. 'Unstructured, narrative 
documentation is difricult to use in further analysis. 

' The set of questions suggested earlier provides an 
outline for the documentation, as follows: 

• Objectives 

• Measurements 

• lnformation Requirements 

• Problems 

• Changes 

Remember that the primary focus should be on the ' . '. 
problems that are Iikely to yield the most substantial : 
data for further analysis within the study timeframe. : 

The problem statements should be structured in their 
cause/effect formats, with care being taken to identify 
the "root" of the problem in terms of the data ciass or · 
process that causes.it lt is likely that some discussion 
will be required by the interview team to arrive at a 
common perception of the cause and effect It may 
requfre almost as much time to document the problems 
meticulously as it took for the interview itself. Howev­
er, the quality of Ibis problem documentation will 
determine how easily and how well the problems can be 
analyzed and recommendations suggested to affect a 
solution. 

The cause/effect format is also very useful for obtain­
ing validation from the interviewee and for communl­
cating the "net" results of the interview to study team 
members who were not present during the interview. 

A useful technique for summarizing problems is to use · 
the format suggested by the Problem Analysis Sheet 
shown in Figure 26. 

Update, Control Room Cluuá 

Be sure that a1l the charts in the control room are 
updated. as required befoie the next interview. One 
person should be responsible for updauDg both the 
charts and the related material, such as process descrip­
tions, data class descriptions, and the process/ data ciass 
matrix. 
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DUIIrMIII ;)J'IUtfnl n.ntarl(l - M'U01Wm ",_,,_,. OUiee\ fbUI ·. 
lnt. C.uting C.Uting 
No. Problem C.ul8 Problem Retult Value Proceu Data Clau Suggested Solution 

12 Because we can't analyza • ..• wa can't Klentify "Medium"; Plan capital - 1 
Financia! modeling 

adequate alternatives in optimum capital over $1 million investmenu 
business planning .•. investment 

alternatives. 

12 Bec:ause we don't know .•. we c:an't measure ••Huge"; Produc:t Cost aa:ounting system. 
the cost ol our profit contribution 10% profit daUicost} Acquire/man.ge labor/ 
products ..• by product and elim- lnc:rease; over material cost data 

inate low·profit $10 million ,.litad to product. 
producerL 

12 Because we can't ... we are not meeting "Medium";· Proa a - Automat .. the order 
effectively proces:s our delivery c:Ofl'lmit· 50% of orden processinultraeking 
the high volume of ments, losing c:us- clerical effort system. 
orders we receive ... tomers, and paying In marketing 

high clerical labor 
costs in marketing. 

12 Bocause we don't kñow ... we have to hire "Small"; - Personnel Build skills and 
the skillslexperlence from the outside and clerical cost ot (skills and u:perience inventory 
of existlng employeesJ .. don't always get the hiring under experience) for each employee 

best.qualitied $100,000 end provide KCI'SS 

candidate. to all rnponsible ....... ... 
12 Because We don't ... we are exper· "Huge"; Control P"u Redesign the inven-

rnaintain c:onsistent ieneing production ..... warehcxisi · (inventory) tory control synem. 
paru inventory acrou line stoppages etmOst $10mlllion inventory Enablish data Miman 
all warehouses (or weekly. mration to control 
within any one ware- lnventory deUi 
house, for that men~trl· .. Oesign Paru o.u,. 

base to iuppOf t 1n 

v•i•to~v;,c.ontro~ •s 
w•l· ,., ~rchasmg. 

Figure 26. Problem analy.U aheet &ample 
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Chapter 11. Defining Findings and Conclusions 

The fact gathering is complete- from the early data 
gathering befare the start of the study through the last 
interview. Now it is time to arrange the facts, analyze 
them, and draw conclusions. The purpose of the 
fmdings and conclusion\i in the report is to: 

• Confirm to management that the points they made 
in the lnterview were understood, accepted, and are 
a pan of the total business analysis. 

• 

• 

• 

Provide the basis for recommendations and an 
action plan. 

Help set architectural priorities. 

Provide input for the description of the subsystems 
or the information architecture. 

Methodology outlined in this chapter is based upon the 
following assumptions: 

• Each interview was summarized to a predefined 
structure and all summaries are available for 
analysis. 

• Problem analysis sheets were completed afte[ each 
interview. 

• Business process and data class descriptions are 
complete. 

Each interview provided two results: (1) the interview 
was summarized and approved by the interviewee, and 
(2) the major problems were extracted and posted to 
the problem analysis sheets. Each of these items is used 
in defining the findings and conclusions. The problem 
analysis sheets form the main structure, witb support 
coming from the interview summaries. Additional input 
might come from the material gathered befare the 
study, particularly the wall charts used in interviewing. 
Defining the findings and conclusions involves the · 
following steps: 

• Revi.:w assumptions for completeness. 
• Determine findings and conclusions categories. 
• Sort ·problems by category. · 
• Write findings and conclusions statements. 
• Sort problems for architecture priorities. 

Each of these items is discussed in the following 
paragraphs. 

Revlew Assumptlons for Completeness 

Ensure that al1 interview summaries are accounted for. 
Although work can be started on the findings and 
conclusions before all of the interview sunuilaries are 
retumed froni the interviewees, the last ones should be 
expedited so as to not slow up this process. Check the 
problem analysis sheets for each interview to be sure 
that they are accounted for and complete. 

By this time in the study the business processes and 
data classes should have received enough attention so 
that no further changes need be made. Therefore, 
update all descriptions and have them typed and ready 
for reference in the development of findings and 
conclusions . 

Determine Fmdlngs and Conclusions 

Categories 

Productivity of the team is increased and confusioq and 
frustration are reduced if there is consistency in the 
various tasks of the BSP study where categorizing is 
required. Hence, findings and conclusions should 
follow the pattem set in fact gathering, interviewing, 
and interview simunarization. The following are 
additional questions the study team might use to 
develop conclusions. 

Objectillf!S 

• 

• 

• 

• 

Do well-defined objectives exist for the total 
business and for each major function? 

Do corporate.' and divisional objectives provide 
direction for information systems planning? 

What correlation exists between each of the 
objectives and the curren! information systems? 

ls information avaltable to measure attainment of 
objectives? 

Organiziltion 

• Are management philosophies well understood? 

• Are responsibilities and accountabilities well 
defined? 
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• 

• 

Are planned and evÓiving changes in .!lrganization 
well defined and their impact on information 

. systems understood? 

Will functional area responsibilities for new 
information systems be easy to define? 

• Are organizational guidelines for information 
resource maoagement consisten! with those for the 
business? 

Planning 

• Wbat is the degree of formalized planoing? 

' •. Wbat· is the relationship or long-raoge, short-raoge, 
aod operational planning? 

• Are thc business plans adequatc as a base for 
information systems planning. 

• Are dependencies upon information systcms 
cxplained in the functional plans? 

• Is the computer used in planning? 

• · Will the planning process lend itself tó 
automation? 

• Wbat type and amount of "what if" planoing is 
done? Are computer models used? 

Met1S111Y!1111!1t and Control 

• How cffcctive are present measurements for 
controlling the business? 

• Wbat other measurements would be made lf the 
data was available? 

• Wbat measurements support the control of the 
critica] success factors? 

• Wbat additional data is needed for adequate 
control of thc critica! bliSioess areas? 

• 

• 

Wbat measurements are made to determine the 
fulfillment cir objectives? 

How are budgets used for measurement aod 
control? 

Operrdiom 

• Wbat major difficulties are encountcred in per­
forming the operational processes (saJes, prod-
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uction, distribution, braoch office operations)? • · 
. ' 

Wbat problems were fouod relative to such itcinS as 
low productivity. loss of revenue, exeessive time 
and cost, aod schedules not met . 

C1117'e111 Informa/ion Systenu Supporl . 

• Wbat are the major information·requirements not 
currently being met (aod not covered in the. other 
categories)? 

• Wbat is the general state of the data that exists aod 
the inf ormation received by the users ( that is, 
accuracy, timeliness, format, accessibility, reduo­
daocy, excessive manual processing)? 

• Wbat is the condition of current applications 
(statements not covered in the other fmdings aod 
categories)? · 

• Wbat are·the enviroomental impacts (maoagement 
systcms impact, restrictions and limitations, imagc 

. of DP among users, impact on the business direc­
tion)? · 

• Wbat is the·present architecture (shared data, 
commón systcms, centralized systcms, distributed 

. systems, hardware/software, organizational inde­
pendence of systems, vertical aodborizonlal 
integration of systems, aod support of alllevels of 
maoagement)? 

• Wbat is the current systems design (data base, 
flexible aod expaodable, generalized systcms for 
data retrieval and aoalysis)? 

•. How effcctive are operations (interface with users, 
support of i:ompany goals aod objectives, turoa-
rouod, response, aod currency)? · 

• Wbat information systems planning now cxists 
(degree of forma1ized planning, integration with thc 
business plan)? 

Sort Problems by Category 

Identify eacb problem by its category aÍ!d post the 
caiegory to each problem on the analysis sheet if this 
has not already been done during the intervie~ sum­
mary process. The team will find some problems that 
tcnd to fall into more thao.one catcgory. UsÓ, assign 
the most likely catcgory aod !lOte th~ otlier category 
next to it. The problem might then be used to silpport 
more than one fmding aod &nclusi<'!l . ;·· 



The sortlng of problems can be most easily done by 
cutting the problem analysis sheets lnto "problem 
strips." Annotate each strip with the lnterview number 
to provide an audit trail, then sort the strips lnto 
problem categories . ... 
Wrlte Flndings and Conclusioos·Statements 

Organize the problems lnto logical groups under each 
of the categories. Divide the lnterview summaries In a 
like manner. lf the lnterview was summarized by the 
categories of fmdlngs and conclusions, this is an easy 
task. lf not, then separate each summary as well as 
possible and use it for reference when writlng the 
detailed discussion of each conclusion. 

Write a general conclusion for each logical problem 
group and use the specific problems within that group, 
along with the lnterview summaries, to form a detailed 
discussion of the conclusion. Conclusions should be 
written so that they lead easily to recommendations. 
Be careful that the recommendation does not become a 
part of the conclusion. 

Not every problem willlead to a logical conclusion; 
some problems may bave been mentioned In only one 
lnterview and could not be substantiated Ü1 subsequent 
lnterviews. These may be discarded or grouped under a 
general cover statement atthe end of the flndlngs and 
eonclusions. 

The problems deallng with lnformation systems support . 
may be further subdivided lnto four grouplngs: 

• Specific lnformation requirements 
• Pre~ent program inadequacies 
• Data processlng service 
• lnformation resource management 

This logical grouping will f eed directly lnto the recom­
mendations. lnformation requirements can be covered 
by a general flndlngs and conclusion statement, but it is 
more important to ensure that these lnformation 
requirements will be fulfilled by the new lnformation 
architecture. 

The present program lnadequacies should be covered. 
by coriclusions that wil1 set the stage for recommenda­
tions for program changes that should be effected 
before the implementation of the corresponding portion 
of the lnformation architecture. 

si:rvice covers the set of problems resulting from the 
operating Interface between the user and the .data 
processlng departnient because of such difficulties as · 
late reports, lnability to get a special job run, and 
lnaccessibility of the system. The whole area of. lnvalid 
data Wi1I be covered in this area. 

The last category, information resource management, 
covers items such as organlzation, training, manage­
ment systems, and admlnistration that would be 
apparent to the team and the executives lnterviewed. 
The conclusions covering lnformation resource manage­
ment will set the stage for recommendations on stecring 
committees, user Interface groups, data admlnistration, 
education, and project management. These are· dis­
cussed in Cbapter 13, "lnformation Resource Manage­
ment." 

These flnrungs and conclusions should provide a 
framework that will ensure executive management 
lnvolvement In the pl~ruung and measurement of 
lnformation processing. 

Sort Problems for Architecture Prlorlties 

The same set of problems that formed the basis for · 
findlngs and conclusions can be use d. now to determine 
architectural priorities. Sort the problems by the 
"process causing." All problems can be rectified by 
addressing the processes that are causlng them. Moren­
ver, sortlng by "process causlng" provides a direct 
relationship between.the problems and the subsystellllÍ 
óf the lnformation architecture slnce.the subsystem was 
established to support given processes. Hence, if we 
know .the value of solving problems as designated on 
the problem analysis sheets, and we know what prob­
lem solutions· are assisted by what subsystems, we can 
do a better job of setting architectural priorities. 

' 
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Chapter 12. Detennining Arfhitecture Priorities 

To begin implementation as early as practicable, the 
team should select and recommend · to management the 
portion of the information architecture tn be imple­
mented first. This will establish a "pay-as-you-go" 
foundation for the infonnation system. 

Selection of the first application(s) should be based 
primarily on a váiue analysis following the interviews. 
To facilitate this analys.is, use the findings and conclu­
sions and the probleni analysis sheets. Sorting the 
problem analysis sheets by "Problem Causing" (from 
Chapter 11) ind.icates the process that must be support­
ed by the application to help solve the problem. U the 
problems are sorted by "Process Affected", the appli­
catlon can be related tn all the problems tl\cy help solve 
and hence to the benefits derived. Each application is 
then evaluated against a set of criteria to determine its 
worth to the business. 

The tasks to be performed in setting architectural 
priorities are: 

• 

• 

• 

Determine selection criteria 

Apply criteria and Jist applications 

Document or describe the recommended 
applications . 

• ·. Consider implementation options 

Determine Selection Crlterla 

Since data is now being treated as a business ·resource, 
management should be able to evaluate information 
systems projects in the same way that other business 
resource projects are evaluated. Therefore, it is · 
recommeodcd that the team use whatever justification 
technique already exists within the organization for 
evaluating new projects. This will case decision making 
for executive management as it considers the necessary 
trade-offs between, say, developing a new product, 
expanding a facility, making an acquisition, or imple­
menting a major information system. · 

Some of the questions to be answered in detennining 
application priorities are: 

• Will the application provide a signüicant near-term · 
saving and a substantiallong-tenn retum on 
investment? 
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• Whom will it impact, and how many people will be 
involved? 

• Will it !ay the groundwork for an initial data base 
architecture? . 

-A method of detennining logical priorities is to group 
the major criteria intó four categories: potential 
benefits, impact upon the business, probabili•y of 
success, and demand. 

Potential Benefits 
. . . 

The team must determine the relatlve value of each of 
the potential applications in order to establish a set of 
priorities. Doing so entails making judgments in the 

· arcas of: 

• Near-term 
• Long-term 
• Competitive advantage 

Generally, the leve! of detall in a BSP study is not 
sufficient to do precise ROl (return on investment) 
calculations for each application. Therefore, the team · 
must rely upon the major benefiis cited in the inter­
views. For example, the sales executive might ind.icate 
that sales co'uld be increased by 2% ü certain informa­
tino were more readily available. The team. can trans'­
late this 2% into a precise dollar benefit figure for use. 
in setting priorities. 

1n some cases; specific, tangible, benefit-to-cost riltios 
can be quantified and applied tó an ROl calculatlon for 
each applicati~n,. This adds signüicantly to the selec­
tion process. The tean¡ should also consider intangible 
benefits which, of cóurse, must be estimated: These 
estimates should be based upon the interviews that have 
been conducted with the executives. 

lmpact upon the Busineu 

Severa! items should be considered here including: · 

• . BusinesS eéonomic trendli 
Crltical success factórS 
Number of problems addressed 
Major problems so!ved 

• 
• 
• 

The team needs to describe and quantify how each 
proposed application Will change the existing sltuation 
or problem withln the business for the better. The team 
should determine wbether the application will ha ve an 



affect on the quality of goods or services. Other 
considerations are whether there will be visible positive 
results, how many departments and how many employ­
ees will be affected by the systems changes, and in what 
ways they will be affected. 

. '' 

Probability p/ SuccesJ 

The team should consider: 

• Political climate 
• Technical and organizational complexity 
• Prerequlsites 
• Length of implementation 
• Risks 
• Resources available 

This wide range of considerations is necessary beca'use 
the chance of successfully implementing a particular 
application is importan! in establishing priorities. The 
team must consider how many and what type of 
resources would be necessary to implement a particular 
system. 

• Aie there hidden factors that need to be 
considered? 

• How long would it take to design and implement 
the appUcations · 

• ls there a dependence upon unavailable or costly 
technology? · 

• How receptive to changes will the individual users 
be? 

Sóme eswnate of the degree of risk should be deter­
mined. The greater the risk appears to be, the greater 
the potential return that must be shown for the individ­
ual applications being considered. These factors must 
be considered not only to .establish the priorities, but 
also to ensure that there will be a complete understand­
ing of what the applications will and will not provide. 

No/4: An analysis of prerequisite applications should 
be performed after a Ust of high-priority applications 
has been p• e pared. Determination must be made as to 
which apphcations/systems must be in place before 
others can be created. By using the information archi­
tecture previously developed, and the team's under­
standing of the business, these interdependencies can 

be analyzed. This may mean, for example, that an 
application that provides data must be built prior to a 
high-priority application. 

Detnlllld 

This area includes consideration of: 

• Value of existing applications 
• Relationship with other applications 
• Political overtones 
• Number of users 
• Regulatory requirements· 

The decísion makers must recognize a demand from 
within the organization before they can considera 
particular data processing investment. They should 
consider the extent to which a proposed application 
specifically supports corporate goals and objectives. 

There should be a correlation between the application 
being considered and the high priority needs identified 
in the executive interviews. 

Apply Criteria and Llst AppUcations 

The applications constituting the arclÍitecture can then 
be analyzed and ranked on a scale of 1 to 10 for each 
of the four categories above. to help determine the 
implementation sequence. A pictorial representation 
can then be drawn to emphasize the most needed 
applications. Figure 27 is an example of this pictorial 
representation. 

After the implementation of the first application has 
been completed, the priorities for the remaining 
applications should be reassessed. For example, after 

· the first four ha ve been implemented, the fúth may no 
longer be at the top of. the Ust because the requirements 
and problems of the business have changed. 

Document Recommended AppUcation 

Finally, the recommended first application should be 
documented in sufficient detall that the executives can 
properly evaluate it. This docurnentation should be · 
based on the business process and data class descrip­
tions, the problem analysis sbeets, the 
process/ organization/ system matrix, and the fmdings 
and conclusions. 
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Potentlal Benefits lmpact Sucéesa 

Mexlmum Score 

Production Plannlng 

Develop Product Data/ Base 

Production Scheduling. 

Plant Status 

Develop Customer Data Base 

Ordor Entrv 

Order Status 

Sales Control 

Cost 

Billa ot Material 

Product Da11 Control 

Purchasing 

Develop Vendar Data Base 

Aaw Materials lnventory 

Develop Raw Materials Data Base 

Finilhed Goods lnventorv 

Sales Analysis 

Forecasting 

Financia! Modeling 

Territory Analysis 

Engineering Design 

Skills lnventory 

Compensation Adm1nís1ration 

F inancial Planning 

Ranking Score 

!iWjlliiiíliilll 77 7 77 71 d f;.;.;.;.;.:.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.:.:-!33 

tiriúH® 77 llllld f:·:·:.:.;.;.:.:.:.:.:.:·:·:·=·=·:·:.;.;.:.:q 33 

ltiliit*M7 7 711771 d f:-:·:·:·:-:-:-:-:-:.:.;.:.:.:.:.:.:-:.:.:.:.:-m 

NW!!IMZ 7 //Ll/1 f:·:·:-:;·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:129 

... /I/ 7 7171 f:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:l29 

~ 17 71/ll/1! p:-:-:-:-: ... ;.;.;.:.:~-:-:.:.:.:.:.:.: ... :-)29 

Dii!!lj@j 7 7 7 7 7 7 / /1 1·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:] 2B 

!iiimJMirii@Ml'J 777//////1 !·:·:·:·:·:·:·:128 

dt!ii!iij@IIJ //// 7 111 " (.:·:·:·:-"-"·:.".".".".".! 27 

Eli#4i.#·i\\'!IIL 7 7 7 11 71 f·:·:·:·:·:-:.;125 

'WMUS!' 7 7 7 7 7 7 A 

Mí§"§W /1 /71 A 

W!WiM 7 7 7 7 7 i1 

M#i81&,N 7 7 7 7 7 7 71 

f.;.:-:·:·:·:·:·:·:·:·:·:·:·:·:·124 

f·.-... ; ... ;:·'·;."-"-".";.;.:.¡24 

¡ ........................... :.:·124 

¡.. ...... : ..... : ....... :.:-:¡23 

Wf&Wi/7777771 ·1:·:·:-:-:.:-:.;.;.;.: ... :.: ... J:n 

1·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:122 

1=:::::::;:;:;:¡121 

!:::::::;:¡]21 

t:::;:¡::l21 

1:¡:¡:::::::;:::~:121 

1:::::~:~:~::::¡ 20 

1::;:::::::::::119 

liWWillL 7/7 71 

I!WIIIill77 77 /1 
'fi'h'tNfl/l///1 

MifW/1/lll 

•cw z u A 

RWII/71 
.,., 1/171 

10\Uiiiiií!lt 77 7 ll 
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Note: Data base dovelopment ia carried out in parallel with application dovelopment. Data baacla ec:heduled In conjunction 

with an application are also designed to ba pan óf the corporate data base. 
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·lbe description should. include an overview of func- · ( 
· tiiins, major. objectives and proccsses supportcd, 
probicms solved, and anticipatcd bencfits. lt sbould ; ' 
idcntify any new tcchnologics and/or spccial skills tba( 
need lo be acquired or developcd lo implement or ,. 
opcrate the new applications. A general déscriptioll of. 
pcrceived benefits anticipated should also bC iricluded 
lbe recornmendation, documentation, and presentatio11 

. should be in a format consisten! withstandard company · 
practice. ";': 

Generally, the recornmended first applicatlon(s) should 
be descnbed broadly enough so that a business case 
evaluation may be made. For each application pro~de: 

• Description 
• Objectives 
• Major problems 
• Potential benefits 
• Business processes affected .. 
• Input· 
• Output 
• Organizatlonallevels affected . 
• · Prerequisites 

Description ond Objectives 

lbe desi:ription and objectives should provide a general 
framework of tbe application. For example, in tbe 
descriptlon it would be appropriate to include a list of 
the individual programs that this application would 
contain. Objectives might include tbe leve! of service 
expccted or tbe parameters witbin which tbe application 
must opcrate. This section shouldalso contain a 
general descriptlon of.the basic actlvities or functions, 
such as wbat records are maintained, spcclfic calcula­
tions, and wbat controls are necessary. 

· Mojor Problems 

lbe documentation of major problems would draw 
heavüy on tbe problem analysls sbeets developcd from 
the executive interviews. Here, tbere would be speclfic 
refereñée to problems cited by the executlves wbich this 
particular application would be expccted to address and 
solve. However, solutions sbould not be limited to tbe 
problems cited in tbe executive interviews. For in- ¡ . 
stance, a recummended application may solve problems 
tbat were id~ntified by tbe team while documenting tbe 
business environment. Also, tbe findings and conc!ti'- ; 
sions will serve as an exéellent recap of both tbe •·· ' 
interview and tbe knowledge of tbe team. 

Potentiol Benefits 

1bls area also relies heavüy on the executive intervie\vs. 

Herc the team should document as speclfically as 
possiblc tbc bencfits cited by tbc. cxecutives. Bencfits 

. should be documented in as much de!Jlil áS possible. 
lmprovcments'to revcnue or spccific COSI rcductÍOD5: 
should be cited. Botb near- and long:term benefits · 
sbould be IiSted, such as expcctátions'for réduced . 
productlon down-time, or bettér sup.ply costs, or 
increased management reporting, or hnproved_ quality. 

Busineu Prol'essn Afleded 

Tbis may be identlfied from the informatlon.arciiitec­
ture. lbe team should describe the spccific processes 
being supported by this application and the relation­
ships to other business processes and other applicatioD5. 

Input 

A descriptlon or list of the data classes used by this 
application sbould be included as part of tbe application 
description. Tbis ls obtained from the data class input 
lo the processes supported by thls application. 

·output 

lbe team should document specifically what ls expected 
as output of this application .. lbls should include data 
or information created, as well as report output. Refer 
to the processes supported by this application and tbe 
data created. 

Orgoniudionol Levels Affeded 

Using tbe process/ organization matriX, tbe team sbould 
documeni tbe organizatlonal units .tbat are speclfically. 
affected or supported by this applicatlon. Tbe responsi­
ble executive of tbe supported organization sbould 
sponsor tbe implementation project for tbls application. 

h .. 
1!11 r!lfiliJSites 

Once a fli'St applicatlon has been identified, any steps 
or projects necessary for its successful implementation 
sbould be sequenced and listed. 1bls ls necessary to 
develop a meaningful actlon plan. Prerequlsite projects 
sbould be clearly described and tbeir relationsbip to the 
selected first application defmed. 

Implementation Options 

Chapter 13, "lnformation Resource Management," 
covers the aspect of tbe BSP study that relates to 
.onalyzing current 1/S management activities, including 

,· 
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implementation considerations. The team sbould also 
consider the develop-or-buy question and, if possible, 
make specific recommendations. · 

Decision lo BIIJI 

Obviously, the quickest way to implementa given 
application would be to purchase existing code tbat 
might require little or no modification for this particular 
application. lf code does exist, the team sbould make a 
preliminary review and determine if this is a viable 
option. 

Decision lo Dnelop 

Ir the applieation is to be developed from scratcb, there 
are severa) considerations that might reduce the 
resources required for implementation. The assisiance 
available from an information center or from Applica­
tion Transfer Teams (ATis) should be considered. 

lnf ormatlon Center 

An information center provides a great deal of appllca­
tion development support while keeping all of the 
development effort in-house. Under the information 
center concept, the data processing department makes 
available a group of individuals who provide packages 
and services that allow user departments direct access 
to the computer. In this fashion, features such as 
query, report generation, and personal computing can 
be provided directly to the user department without 
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tyíng up Jarge amounts 01 nata processmg uppuCiluon 
development resources. lt would also reduce the Iead 
times to provide certain specialized data processing 
support. 

Appllcadoo Transfer Teams (ATTs) 
. :•, 

An ATI study is performed jointly by mM and tbe ' ' 
customer to determine whether an exiSting application 
can be adapted economically for use by that customer. 
The result of an A TI study is a well-documented, · 
cost-justified recoinmendation for impltmenting a 

. specific application solution which is: 

• Designed primarlly by end users with the support or 
the data processing staff 

• Cost-justified and supported by fmancial 
management 

• Presented to user executives by their own 
personnel 

Expanslons and Varlations In Approach 

Another method that may be used for priority selection 
is to focus primarlly on financia) justification. Using 
this technique, the team focuses on tangible benefits as 
provided in the value statements dwing the executive 
interviews. This technique, called poleiltial-benefit 
analysis, is described in Appendix G. 



Chapter 13 •. Infonnation Resource Management 

The growth and proCitability of an ent~rprise has 
become increasingly dependen! on cffective data 
proccssing. This is so becausc infonnation is a baiic 
resource of the business. Data, the raw material of this 
rerource, can and should be. controllcd as an asset. But 
problems in data proccssing are also increasing, both in 
numbcr and in severity. In many instances, money is 
bcing spent on applications that prove to be either 
unpro!itablc or of minimal real value. This could 
happen with the BSP-developed plan if we do not apply 
the samc general management principies that ha ve· becn 
succcssfully applied to thc other basic resources of tbc 
business. · 

Therefore, in addition to determining an information 
architecture and setting application priorities, the BSP 
study team must ensure that the infonnation resource is 
managed properly to support tbe runctional needs of 
thc business - i.e., that: 

• The infonnation ari:hitecture is implemented in an 

• 

• 

• 

orderly f ashion. · 
1 

1/S is coruiistently effecti'l(e is servicing the informa-
tlon.and data needs or the eitterprise. · 

Provision exists for an overseeing functlon to 
assuré the responsiveness of infonnation proccssing 
to tbe enterprise. 

A viable informatlon resource plan exists- one 
that integrales business needs, personnel, hardware, 
software, communications, and orrice automation 
within the scope and financia! resources of the 
enterprise. A basic premise of information resource 
management is the ability to make infonnatlon 
available to whomever needs it when and where lt 
is needed. Therefore, the infonnation resoÍlrce 
management environment must include a structure 
With the functlon of managing data/informatlon. 

In effect, the BSP study team must evaluate tbc informa­
tion resource environment and recommend changes 
deemed necessary for the effectlve manageinent of that 
resource. In particular, the team should address the 
following subject: 

• lnformatlon resource management mission 

• Steering comrnittee 

• Infom\ation resource organization . 

lnfonnation Resource Management Misslon · · 

This subject covers the many facets of the inronnation 
resource and the concept that a single runction must be'. 
responsible ror orrice automation, communications, and 
data proccssing. Since thesc "tcchnologics" are interre~. 
lated, the concept of a single integrated plan and 
implementation schedule is viable and necessary for · 
their maximum effectiveness. Although the integration 
of these technologies is a long-range plan, the BSP study 
éan point the way and deftne the mission. 

The team must also consider the visibility of the 
information management function within the organiza· ·. 
tion. It is pilssible that this function has been "buíied:' 
in the financia! or administrative service area and that lt 
more appropriately deserves its own arca, consisten! 
with its resource management charter. In addition, ' 
consideration should be given to the leve( af which 
responsibilities are focuscd so that comprehensive 
systems plans closely tied to both corporate and unit 
business plans will be continuously gencrated. In a · 
company with multlple business units or divislons, tliiS 
is particularly critlcal. Corporate influcnce on division 
informatlon systems, business unit autonomy, the 
centralization/ decentrallzation question, and similar 
issues should be discussed by the team to developed 
recommendations appropriate to existing organizational 
levcls. Additional information about these principies .. · 
can be found in thc mM publication titled A MIUIQge· 
tMnt Sfllem for the Infomwtion Bwine33; Volumt! /, 
MIUIQgetMnt Overview, GElD-0662. 

Need for a Steerlng Committee 

Figure 28 represents a general approach for providing 
the enterprise with adequate informatlon resource 
support. The steering committee acts as the overseer or 
the informatlon resource organlzation and represents 
the functional groups of tbc enterprise. Its primary 
concems are policy setting (that is, establishing thc 
dirl:ction of information use in the enterprise), exercis-
irig control mechanisms to ensure that the desired ' 
results are achieved, and monitoring to measure the 
cffectlveness the information system (see Figure.29). 

. .. 
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Enttrprlse 

lnfonnetlon ......... 
tt .. rlng '. 
commlrue 

lnfonnltion 
mourco 
orgenlution 

Pollcy Senlng • Date raponslbillty/ecc:ounubilitY 

• LonQ·renoe planning 

• Funding nretegy 

• Appiclllon devrllopmtnt ttrltltY' 

Control • Budget approwal 

• Project tuthorizedon 

Ptrformena Monitotint ol , • Budglt monltoring 
IRF~ 

• Project monltorlng 

• Operaliol'll monlloring 

Fl¡ure 19. Fuac:doat of lllformodoo-.. oloertD¡ <OIIIIDIUee 

The need for a stecring committee can be determincd 
by cxaminlng inf ormation necds and usage in the 
enterprise. ls there a standard way of doing business 
with data processing7 Are applications developed in a· 
priority sequence in today's environment, and what are 
the criteria for those priorities7 Do long-range DP plans 
support the business requirements7 

Thc policy-setting funclion of the steering committcc 
defines a course of action necessary to guide thc 
information resource group in providing the enterprisc 
with DP support. Policy setting includes establishing 
responsibility and accountability for the collection, 
retention, accuracy, and availability of data. lt defines 
the security measurcs that are necessary to protect the 
enterprisc. 
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The steering committee also delineates thc data respon.! 
sibilities of the functional arcas and the data proeessmg 
groups. Long-range plannlng concernlng hardware, 
optirnum use·of software (that is, distributed data ' 
processing versus centralized data base), new software 
applications, and data availability is also part of this 
committee's re.sponsibilities. Policy-setting functions': ·1 
also include funding strategies, such as establlshing a 
charge-for-services policy, determining the value of 
data to the cnterprise, deciding to huy or leasc cquip- · ·. 
ment or to make or huy appllcations, and setting · · ' 
operational objectives. 

The control function of the steering committee cnsures 
that the information resource meets thc business needs 
on an ongoing basis. Thus it necds to authorize pro­
jects and set priorities for them, approve budgets, and 
appraise system performance. 

The monltoring function supports the control function. 
Monltored are the funds being expended on develop­
ment and opcrations; the projects under development, 
and the operation of production systems to cnsure 
continuing cost-effcctiveness. 

Figure 30 suggests the composition of a stecring 
committee. 

U....Communlcy • Flnenc:e 

• Englnoerlng 

· • Marketing 

o M.nufec:turing 

lnform~~don RIIOUriCI o VP r~i~t for IR ~innan ~~ committH) 
Orgenlation 

• 0111 odministretor 

f'IKur~ 30. Compooldoo of lbe laformodoo l'tiOIItCe 11-m& 
coaunluee · 

Review of the Information Resource 
Organlzation 

1 

Prior to this review of the information resourcc organi-· 
zation, the team has identified problems related to thc ! 

business processes and separated thosc proble~ 
· dealing with curren! information systems support. lt 

has determined that the propcr implementation of the 
infonnalion systems architecture would providc solu-
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tions to thosc problcms. (Sec "Writc F"lndings and 
Conclusions Statcmcnts" iq Chaptcr 11.) Howcvcr, 

·•ess an organization is in place that iS rcsponsivc to 
business nccds and can rcact lO lhc prioritiCS or lhe 

runctional arcas of the business, thc implementation or 
lhe information architecturc and thc specirication or 
follow-on systems may not be carried out cxpediliously. · 

This phase or the BSP study is designed to review tbc 
information resource oeganization in place to cnsurc 
lhat adcquate eesources havc been deployed to implc­
mcntthe infonnation systc'ms architccturc, lo beuee 
exploit the data resource, and lo overcomc othce 
inadequacies. The BSP team should analyzc lhe 
stecngths and weaknesses of the current information 
systcms organization. ll should consider lhc require­
ments or lhe infonnation architecturc (in a prioritized 
Ust or applicalions) and thc problems voiced by lhe 
interviewees regaeding peescnt scrvice lnadequacies, 
bolh in data processing and in infonnalion eesourcc 
management. This review can also be recommended as 
a rollow-on activity ror lhe steering committee. Addi­
tional oeganizational considerations can be round in lhc 
IBM publication tilled A MaMgemen/ System for the 
lnforma.tion Bwlneu; Volume IV. Managing lnforma­
tion System Resourt:es, GE20-01SI. 

formation • Resource Organizotion 
llespomibilider · 

lbc information eesource organizalion should be 
structured 10 carry out lhe policies or lhe steering 
commiltee, 10 peomulgate lhe peeccpts or "data is a 
resourcc," and to ensure lhat data is managed lhrougb­
out its life cycle. lbererore, as its majoe runctlons,ll 
should bave data planning and control, data acquisition, 
and data stewardship. Data retiremenl activities can be 

• liS orchltec:tur• 
o Usar lncerf~ 
o Prloritv aening 
o APpliution justifM:atíon 
• Syltlm efficiencY 
• Sy1tem m .. suroments 
• Ap~ie~tion meuurements 
• Efflciency .,diu 
• Standm::ls 
• OlanQe conuol 

lnforniatlon R-rci D"-

Dall Admlnhtntion 

• Logic .. dftl delign 
• 01t1 pollcy 

- lniatritv 
- Seaniry 
- AYiillbility 
- AccountlbiUty 
- Retention 

• BICkUp 

divided betwecn data acquisition and stcwardship. 
F"lgure 31 depicts such an organization. The following 
paragraphs covcr some of the.task.s foe which each · 
organizational runction should be responsiblc. 

Dala and Appllcadon Plannlng and Control 

This runction is responsible roe the continuing planning · 
necessary in a dynamic oeganization. ll maintains the 
1/S architecture, sets priorities roe applicalions, plans ror 
impeovemimts to systems software and hardware, and 
develops lhe uses of data. In addition lo planning, lhis 
arca is also concemed With measuring and audiling lhe 
performance of the development and produclion 
groups. lt needs to know how much of the machine's 
capacity is being used and is available for addilional 
use, and it needs tó know whethce the service levels are 
being achieved since it also is the usee interface. 1bis 
group also seiS standards for both performanCe and 
documentation. 

Dala Admlnlstradon and Appllcadon DeYelopment 

Bolh data administration and application development 
are concemed wilh lhe acquisilion and use or data; · · 
tbcreroee, lhese two runctions. are grouped togelher. 
Data administralion iS defined as lhe runclion responsi­
ble ror lhe planning and control of the enterprise's data, 
wbctbcr computeri2ed OC noL (IS objectives are lO . . ' 

marimiu lhe availability of data and to controllhe use 
or data. The control of data needs to be exercised in 
lho arcas ofacquisition, storage, access and dispositio11¡ 
Furlher discussion or data administration can be round 
in Appendix K. 

Application development uses data to create informa­
lion ror a specific purpose. It, lhererore, requires close 

• Applic, Dn. 
Proiect # 1. 

• Applic. Oev. 
ProJeet #2 

• Appllc. Oev. 
"'olect # 3 

• Maintenance 
Projects 

• lnformation 
c.ntir 

• Oevelopment 
Center 

• Qperations 
• Scheduling 
e Systems IUPport 
• Technical support 
• D1t1 bad ldministration 
• User measurtmer¡tl. 

• Netwarklt.g 
e Security 

1 
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interaction with the data administration function in the 
logical data base design. T~aditionaUy, 'development 
projects have defined their own data base requirements, 
but with the establishment of shared data bases, Ibis·. 
requirement becomes one of ensuring that the data 
required has been properly iden'tified and is available 
for access and use in the application. 

Tbe application development group is responsible for 
the project throughout the development cycle. The 
group is also responsible for the maintenance of 
existing applications. In a DB/DC cnvironment, mainte­
nance is the addition, modification, or rearrangement of 
transactions. Modification of the data base is controUed 
by the data base administrator. 

IBM has developed an independent study program, · 
Managing the Application Developmen/ Procen, 
SR2G-724S, which describes the application development 
process that has been successfuUy used by IBM's Data 
Processing Services organization. This independent 
study program is in two parts. Part 1 has three modules. 
Module 1 covers the need for a structured application 
devclopment process, explains the complexity of 
development, and offers insight into the application 
development methodology. Module 2 presents the 
concepts that are key to esta blishing a structured 
process, one·that promotes successful application 
development. Module 3 provides somc techniques for 
evaluating progress and for implementing changes that. 

. may benefit your organization. 
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Part n of the study program applies the projcct man­
agement techniques to a specific case, the development : 
of an online order entry system ata publishing compa- · 
ny. This part speUs out the roles, responsibilities, and· 
interaction among the people involved in an application 
devétopment projcct. , . .; ,J_(\. 

'";,.,·¡ 
Data Proc:eSslng IIDd Communlcation 

The data processing function is the production arm of 
the information resource organization. It is conccmed 
with proviiling an uninterrupted flow of servicc and 
information to the users. Some of the functions 
nccessary to support this function are operatlons, 
technical support (systerns), data base administration, 
measurements (systerns utilization, availablc capacity 
and service'level), and scheduling. 

·.~ 
~-
' :· r . 
' 

1 
' ¡· 
i 
1 
1 For a more complete discussion of data processing's 

role and responsibilities refer to A Management System -· ¡·· 
· for /he Informa/ion Bwinen, Volumes 1 through IV. 

(GE20-0662, -0749, -07so,-and -07St, respectively). These 
volumes apply fundamental management principies to 
the data processing organization. .The insight thus 
provided is useful in analyzing the organizational and 
personnel skills neccssary to properly manage, that is, 
plan and control, the informatlon resourcc and data 
processing function. The information systcms manage­
ment processes of thcse volumes are listcd in Appendix 
H. 
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Chaptér 14. Developing Recommendations. 

Specific BSP study recornrnendations center on: 

• Inlormation architecture 

Accept the inforrnation architecture as the base 
for current direction and future 1/S plarining. · 

Make required changes to applications curren!· 
ly under development. 

Make interim improvements to current appUca· 
tions. 

Prioritizc arcas of the information architcctUR 
to which 1/S resources should be applied. 

• lnlormation resource management 

Implement and enhance data admlnistratlon to 
control the data resource of the organizatlon. 

Improve the information planning process to 
support the business more effectlvely and 
utilize resources. · 

Provide a control system to measUR the 
success of implementations. 

• End-user computing - Enhance the declsion• 
making capability of the functlonal staff through 
the use of available business data. · · 

These recommendatlons form the Strateglc lnformatlon 
Plan. 1/S now has a master plan for the data reso\Jrce­
a plan driven by the information architectUR wltbln 
whicb all new development and modifications to 
curient applications must fit. The plan presents I"CCOIII­
mendations coocerning the planning and management 
of the information resourcc and presents architectural 
priorities sequenced from a perspectivo of benefits to 
the enterprise. 

The strategic plan should be presented to management 
for validation and approval (see Chapter 'lS, 
"Reportlng Results"). Por each recommendatlon. there 
may be an associated project, such as the implementa­
tion of an information center. Depending on the team's 
perspective, other short-term recommendations may 
fiow directly into implemeritation. Por each such 
project, an action plan should be developed ldentifyln¡ 
the key decisions and activities required to help man­
agement prpvide proper direction. The action plan 
should include the following for each project: 

• Project Scope: Describe the subject of the projcct; · 
including the size, iaipact, and purposc. 

• Potential Benef/13: Describe anticipated benefits or 
reasons for doing this project. 

• Deliverables: List and define each output or result 
expectéd of the prÓ jéct. 

• Schedule: Identify project duration to the exteot 
possible at this stage. 

• Business Toob and Techniques: Describe any 
required practices or methods as specifically as· 
possible. 

• Trainlng: ·Describe orientation, education, and 
study necessary for successful execution of the 
project. 

• Communlcatioru: Identify coordinatioo, liaison, 
lnte.rlace points, or functions, as weU as documen-
tation requirements. · 

• Control: Define project responsibilities as weU as 
review/approval requirements. 

Once management approves the BSP recommendations 
·(the strategic i!S plan), a tactical plan should be 
cleveloped to facilitate the Jmplementation of those 
recommimdations. The tactical plan wiU eontain the 
foUowing resource architec~ures (which representa 
detailed subdivision of the inlormation architecture): 

• Data Aidlit«:ture: A data development plan that 
identifies the required data by definlng the impor­
tan! business entities and the activities that link 
them. 

• Appllcotion Aidlit«:ture: lliustrates how appUca­
tions and sources of data relate. 

• GtxJgrap/lic Aidlit«:ture: Shows where information 
·originales and where it is used geographically. 

The development and subsequent analysis of these 
arcbitectures may cause a resequencing of application 
implemeotations. Por example, the prioritization may 

· have been sequenced initiaUy from a benefits view if . 
Uttle information about iaiplementatlon ·expense or 
tecbnical prerequisites were avai!able. In this and other 
arcas, the resource architec~ures will help generate 
additional inlormation, which, when combined with the 
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BSP prioritization lriformation, give a more complete 
basis upon which to sequence implementation.· 

The tactical plan can be developed by using mM's 
Business SysteiÍls Planning lmplementation (BSPI) 

technique, which is presented in the BSPI class of the 
IIÍM Infóimation Systems Management Institute (class 
number W9930). 

The comphition of these activities en a bies the BSP study 
team to proceed to its final activities: preparation of 
the study repori and presentation of the study results to ' 
executive mánagement. Thorough preparation of the. 
action plans, potential benefits, and cos~; e!lables the . 
executive sponsor to evaluate the recommel)dations.. . . 
The study team should ask for and expect a· prompt · · " 
approval of recommeridations and a prompt cominit- '· · 
ment by management to implement them. 
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Cbapter 15. Reporting Results 

Having defined the information arcbitecture, identiried 
the arcbitectute ·priorities, reviewed and assessed 1/5 
management, and developed recornmendations and the 
action plan, the BSP study teám is ready to complete lis 
mission by preparing the study repol1 and preparing 
and delivering an executive presentation. The purjlose 
of the report and presentation is to obtain further 
execulive management commitment and involvcment 
for implemcnting recomniendations from the BSP study. 

The following activities are peñormed ili preparing thc 
study repol1 and executivc presentation: 

• Review the repol1 outline 
• Prepare the repol1 
• Select the presentation medium 
• Present to executives 

Review the Report OutHne 
1 

During the lnitial steps of preparing for the study and 
devetoping a work plan for conducting the study, the 
team prepared a preliminary report outline. Sinco the 
repol1 now materializing from that outtine is to be a 
consensus of thc entire team, each of its sections shoulcf 
be reviewed by each of the members so that the final 
documcnt reflects áll their comments. 

The repol1 may be structured in many ways; depending 
upon preceden! and methods of presentation within the 
business conducting the study. However, to assist the 
team in its considcration of pel1inent arcas, an cxten­
slve tist of topics is presented in Appendix L Por a 
sampte repol1 sec Mecca /nternat/onal Suit Corporatúm · 
Bwineu Systenu P/anning Reporl (Sample), IBM 
document G320-6S03. 

The most slgnificant fmdings, conclusions, and recom­
mendations should be summarized in the flrst fcw pagcs 
of the repol1 for the use of top managemcnt. Support• 
ing details should be included later and in thc appendix· 
es for othcr members of the organization and for team · 
members who will participate in follow-up activities. 

Prepare the Report 

Thc primary writing responsibility for each of the 
sections of the repo11 was assigned during study 
preparation. As the study progresses, changes, addi­
tions, and deletions can be made to .the preliminary 
outline. By the time the executive interviews have becn 
completed, agreement should have been reached on thc 

final table of contents, and the individual study team 
membcrs should ha ve available to them most of the 
information needed to eompteie their assigned sections. 
Thc study team leader usualty assumes the resPQnsibili~ 
ty for writing the background and overview because 
much of this material comes directly from the orienta­
tion information presented to the team at the kickoff 
meeting. 

The conclu5ions, recornmendaiions, and an action plan 
should be reviewed with the executive sponsor before 
the team drafts the fmal report. Controversia! arcas or 
arcas affecting the· business most may be reviewed with . 
thc executive úivolved, to determine how best to 
prcsent the recommendations. 

Select the Presentation Medium 

The principal factors to consider in determlning how 
the repol1 should be presented are the type and size of 
the audience and the accepted ways of making such a · 
prcsentation in the· particular business environment. 
Consultation with ttie executive sj,onsor early in the 
study to obtáin bis advice on this subject can be most 
helpful in estabtisbing the proper.direction. 

U the presentation is made to a small group, flipcharts 
are adequate and.popular. U the audience numbers 
more !han a dozer!, viewgraph foils or slides should be 
COÓSidered. U slides are !O be used, adequate time 
should be allotted to have them prepared, whether 
in-liouse or by an outside vendor. 

Present to Executives 

The executive presentation Can be developed complete­
ly from material contáinei:l in the fmal draft of the 
report. The principal aims óf this presentation are to . . 

inform management of the study's findings, máke 
recommendations, and s~cure approval of the action 
plan. . 

The prcsentatlon should be concise, preferably no .. 
longer !han two hours. It should be logical and factual : . 
and should end with recollllliendations for the follow-
ón activities. Por example, it may take the followilig . 
form: 

• Introduction 
Background and overview 

· Objectives 
Scope 
Study team · 

· Chapter U. Reporting Resulu 
l 

7S 
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• Study approach 
Business arid 1/S review 
Business processes and data classes 
Matrices 

•- Executive interViews 
• · Major problems identified 
• . ConclusiQJis and· recommendations 

Infonnation architecture and priorities 
JRM requirements 

• Action plan for follow-on project activities 
Description(s) 
Deliverables 
Resource requirements 
Benefits 
Schedulcs 

..... 



Cbapter 16. Overview of Follow-On Acuvmes 

Thc BSP study cndcd with'thc development of an action 
plan for the foUow:.On activitics and a prcscntation for 
management approval to procecd in the exccution of 
that plan. This final chapter of the BSP planning guldc 
givcs an overview of the follow-on activities and serves 
four purposes: 

t. To relate thc foUow-on activitics to thc BSP study. 

2. To show how to capitalize on the rcsults of thc BSP 
study. 

3. To further explain .the major foUow-on projccts. 

4. To identify scveraliBM courses that may be · 
particularly helpful to those responsible for imple-

. mcnting thc BSP rccommendations. · 

Perspective on FoUow-on Acdvities 

Relation of BSP Study to FolloJIHJn Activitie.J 

The foUow-on activities.are a contin~tion and cxpan- · 
sion of thc major activities ilithe BSP study. The major 
thrust of thc study was onc of understanding, devclop-

- ing findings and conclusions, and making .recommenda­
tlons. Although the thrust in foUow-on projects is still 
to understand, greater emphasis is put on dctailed 
defmitions and planning for implementation of thc 
proji:cL 

There is a great need for communication among thc 
project teams if project implementation ili to be suc­
cessful. Therefore, the Wormation rcsource director 
should take overaU responsibi!ity for the projects, since 
lhe functlons performed during lhe foUow-on activities 
are a part of lhe IRM responsibilitles. Becausc the 
foUow-on activities build upon the results of, and lhe 
information gathered in, tbe BSP study, lhere is a need 
for continuity of team members. At least one person 
on lhe BSP study team should have been chosen from 
lhe data processing function, wilh the idea that he 
would remain wilh the foUow-on activities. 

The functions pe';Íormed by the executive sponsor of 
lhe BSP study should be performed by a steering . 
committee in lhe foUow-on projects, unless there is a 
management committee already established to under­
take those tasks. 

/'npanztioti for Follo~n Activitie.J 

Becausc of the variations in the ftndings and conclu­
sions that may result from BSP studies, the follow-on 
activities and Íhe emphasís placed on each of them Will 
vary from one BSP study to another. For purposes of ·. 
this discussion, the foUowing assumptions are made: 

l. IRM fuilctions must be changed or addcd to provide 
a controUed environment for the development and 
implementation of the· information architecture 
identified in the BSP study. A detailed information 
systcms plan wiU be developed that wiU reflect 
the5e planned changes. 

2. The informatioó architecture must be.further 
dcfined and data bases ldentified. 1 

3. The distribution of information systems may be a 
consideration. · · 

4. One or more major applications bave been cbosen 
for development and implementation. 

To aid in accomplishüig tbese objectives, IBM's Infor­
matlon Systems Management lnstitute offcrs a course 
caUed Business Systems Planning Implementation 
(BSPI) .;.... course code W99JO. This course teacbes 
melhodologies, and discusses issues and policies 
necessary to convert BSP rcoommendations into func­
tioning applications and data bases. Among tbe metho­
dologies taught are those fcir crcating plans for applica­
tion and data base development as weU ~ lhe geo­
grapbic distiibution of lhese applications and data 
bases. Relevant issues regarding policies on 1/S plan­
ning, data administration, development, and organiza­
tia~ are explored. 

1 

lnformadon. Resource Mailagement 

IRM is tbe keystone of effective support of tbe business 
by information systems. The importance of continued 
empbasis on IRM is summarized below: 

• Development of tbe complete informatlon arcbitec.:: 
ture wiU take place over a period of_years. 

• Cbanges to business strategies and plans and to 
information technology wiU continue tbroughout ' 
the development of tl!e information arcbitecture. 

• The processes of managing information wiU be 
refmed and cbanged continuaUy to properly plan, 
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measure, and control required lnformation re­
sources. 

• The BSP study is a one-tinie effort that should be 
foUowed by continua! iiúormation planning to fuUy 

r capitalize on !he resulis: 

IRM In Perspect/ve 

The IRM foUow-on projects will emanate from (1) 
requirements to support IRM objectives, (2) changes 
resulting from !he development and implementation of 
!he first application, and (3) recommended changes to 
solve 1/S support problems. 

From this, one can assume that !he recommendations 
included: 

l. Emphasis on lnformation systems planning and 
control. 

2. The establishment of a data administration func­
tion. 

3. Sorne near-term projects, such as !he establishment 
qf a steering committee and refinements to project 
control. Capacity,planning is also a natural foUow­
on to a BSP study since it exantines !he data proc­
essing capacity and determines whether changes are 
required to accommodate !he architectural priori- · 
ties or to solve sorne of !he 1/S support problems. 

4. A major project(s) in IRM- for example, estab­
lishing an action plan to move to distributed data 
processing by defining !he geographic architecture. 

An importan! action alter !he BSP study is !he establish­
ment of a continuing i.Dformation planning function 
using !he BSP study as a base. Although the BSP study 
culminated in an approved action plan, the óverau 
objective of an IRM project is to develop a long-range 
lnformation plan that will direct !he design, develop­
ment, and implemeiltation of the lnformation architec­
ture. lt should include sufficient detall on projects, 
resources, and schedules to guide aU levels of manage­
ment on what is to be done, when, and by whom in !he 
organization. · 

Since data administration is a complex area requiring 
long lead times for implementation, the data adminis­
trator should be appointed as early as possible so thát 
this funclion can be given proper attention. Two major 
activilies should be addressed immediately: · 
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l. Establishment of a data policy that fixes responsi­
bility and accountability for data accuracy, co~­
ency, and tinieliness toa specific organizatlon. · 

2. Establishment of a data dlctionary by !he data 
administralion function to cat~óg !he meaoing and 
use of data. 

The importance of lnformation planning and data · 
administration cannot be overemphasized, and .they will 
nearly always be a part of !he foUow-on activity. The 
data administration activities are covered thoroughly in 
mM, GUIDE. SHARE, and trade publicatioos, and are 
discussed in Chapter 13 and Appendix K. 

Some of !he near-term projects should be done immecli- · 
ately after !he BSP study recommendatioos are ap- . · .. 
proved. The establishment of a steering committee and 
a project control system are exceUént examples of 
near-term projects that are required. A steering ' 
committee will dlrect !he foUow-on activities, while a . 
project control system will help !he lnfo111llltion re­
source director adequately control and coordinate. 
activities. 

mM's Informalion Systems Management lostitute offers 
a 311.-day course that deals specificaUy with these issues 
and is intended for managers and executives respoosible 
for !he 1/S funclion. The course iS caUed Organizing !he 
Information Systems Business-. course code W993S, 

Information Architecture 

The Informa !ion architecture is one of the key results of 
the BSP study. lts primary purpose is to provide rurec­
tion to the lnformation resource organization in lnfor­
mation systems planning, design, and implementation · 
110d in managing and controUing the data resource. ' 
Therefore, it should be implemented as described in 
Chapter 8 to eosure maximum utility. · 

The refinements to be accomplished in a foUow-on 
project should include a confinnation of the informa­
don systems architecture, a decomposition of each 
application, application interrelationships, and Informa~ 
tion flow among applicatioos. . 

~ '1 ' 

Other activities that should be included in !he lnforrnl\· . 
!ion architecture project are: 

• · Examination of current data processing systcms to 
determine how they can evolve into !he new . , 
architecture. 

' . , . 
. . 

-.-~-

¡. 

1 

i ,. 
1~ 
1 

1 
' 

-··· 



• Do<:umentation of alternative architectures that . 
were tried or investigated and rejected, with thc 
reasons for rejection. · 

• Evaluation o! the technical implications o! the 
infonnation architecture, including control systetns, 
data base/ data communicatlons requirements, and 
potential distribution o! both infonnation and 
system•. 

Using the information architecture defined in the BSP 
study, cach application description _showd be expanded. 
Each description should include thc purpose o! the 
applicatlon, business problems addressed, data created 
and used, dependencies on other applicaticins, general. 
requirements for implementation, and priorlty o! thc 
applicatlon. · 

Current Systenrs ExomiiUdion 

Data proccssing applications currently in use or under 
development should be carefully examined to determine 
how each·one relates to the applications described in 
the information aréhitecture. Possible modificatlons to 
current applications should be documented to show 
how lhey can be used in the future architecture. Where 
modified applications could be used in lieu o! new ·ones, 
a description should be included in the architecture 
documentation. For applications already under develop­
ment, an evaluation should be made o! necessary 
mod!fications to makc the application compatible with 
the informatio_n architecture.' The developnient sched­
ule should be reviewed to determine the effect o! the 
changes in the applications under development when 
compared with changes to be made after applicatlon 
implementatlon. Both present commitments and futuro 
priorities should be considered in this evaluation. · 

-Dota Base 

Integral to the information arl:hitecture defmition in the 
BSP study were the data classes supporting the business 
processes. A logical grouping o! related data classes wiU 
yield the set o! data bases that' wiU support the archltec­
ture implemcntation. 

A data base is deftned as a nonredundant collection of 
interrelated data items processable by onc or more 
applications. In thls definition: 

• Nonredundant means that individual data items 
appear only once (or at least less frequently than in 
normal ftle organlzations) in the data'base. 

• lnterrelated means that_ thc ftles are constructed 
with an ordered relationship that allows data 
clements to be tied tcigethcr, even though they may 
not necessarily be in the same physical record. 

• 1'7ocessobk by one or mDI't! opplicotiom means 
simply that data is shat"ed · and used by severa! · 
different subsystems; 

Devclopment o! a data base has some obvious benefits; 
By consolidating files, the user can obtain better contrOl 
of data and reduce storage space. Equally important 
are the resultant data synchronizaiion and timeliness. 
Use o! a _single informatlon source makes processing 
more accurate because aii applications refer to the same 
data. ' ' 

A data base system can help overcome some o! the 
complexities o!. data manageinent. lt can provide 
additional data relatlonships while miidmizing storage 
redundancy. . 

A comparison o! the data base environment with ihe 
traditional approach to systems development and 
maintenance reveals the advantages o! the data base 
concept. In the traditional approach, a system is usually 
designed. programmed, tested, and then implemented 
as a total éntity. Its advantages cannot be reafized by 
the end user until the entiie systcm is completed. The 
amount o! time involved can éause frustration, since 
biJsiness requirements cannot bc kept frozen long ' 
cnough to avoid cbanges and d_elays. Also, when data 
or logic changes are required, considerable testing may 
be necessary to'determine hciw the changes affect other 
programs or systems functions· 

By co~trást, the data base approach all_ows a gradual 
transition from existing applications to online, 
transaction,driven applications. With graduaJ imple­
mentation o! transactions, user department signoff can 
be obtained more easily and th,e user can enjoy the 

. benefits earlier. Changing data needs can be accommo­
dated without affecting programs that do not use tbat 
apecific area or segment of the data basé. Thus, the 
data base environment can be a more effective way to 
accommodate change, deliver benefits to the user, and 
control development costs. 

Dota Didionary 

; ' 

1 
'' 
1 

j 

The data dictionary is the primary tool o! data admlnis-' · l 
tration to manage the data lnyimtory. Data admlnistra­
tion begins to implement thc data dictionary by discuss­
ing with the creator of data, as deftned by data policy, 
how thc data should be dcscribcd in tcrms o! data 
~lements, and then developin~ the standards and 
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procedures to be followed by the other users. These 
are then documented into a data dictlonary which 
provides the guidance on what data is available, how it 
should be used, and who is iillowed to use it. Further 
information on the use of ~· d~ta dictionary is contained 
in Appendix L. 

End-User Computing 

End-user computlng is the direct use of data, tools, and 
services by business people to meet business needs 
observed as extensions of corporate information and 
data requirements. With the advent of personal com­
puten and interactive computing via terminals and 
workstations lioked toa central computer, end-user 
computlng has become more and more prevalen! in the 
business prof essional community. 

Since end-user computlng is becoming a significan!· 
activity in many corporations- and promises to 
become even more significan! over time - organiza­
tions are finding that to effectively support the objec­
tives of the enterprise end-user computing must be 
managed as a business activity as much as a technical 
activity. Thils, end-user computing requires both a 
support structure anda management'system. This 
involves: · ' 

• Enterprise-level management direction for end-user 
computlng. 

• A way of identifyiog and prioritiziog user needs 
and ensuring the selection of the appropriate tools 
and a dellvery system f or them. 

• A means for providiog each user the ap¡iropriate 
workstation. 

• A process for giving users access to corporate data 
and other types of needed inf ormation. 

• A support organization to provide effective guid­
ance, training, and on-going assistance for users. 

• The inclusion of an information center as part of 
the end-user strategy. 

Along with the information center, the· development 
center is another technique for providing end-user 
computing capability. As described below, the informa- · 
tion center is directed toward the business professional 
and the development center is a too! that will enhance 
the productivity of the data processing professional. 
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lnformadon Center 

Tite information center is a department within the DP 

organization which provides end users.with packages 
and servic;es that enable them to access'the computer 
directly to improve their productivity and/or their 
decision-making capability. End-user products include 
report writlng, query processing, financia! planning, and 
packages for training and document preparation. Tite 
key to a successful information center is the quality of 
support provided to the users. 

U an inf ormation center is being recommended, IBM's · 
Information Systems Managcment lnstitute offers a 
211.-day course for prospective or newly appointed 
information center managers. Tite course is called 
Information Center Implementation- course code 
W9934. 

Development Center ·' 
One form of assistance the appUcation development 
group will want to consider is the development center; 
which offers dedicated resources (both hardware ancJ 
software) and special tools that accelerate application 
development and increase programmer productivity. 
Effective development centers provide unconstrained 
hardware resources to anow interactive development 
with time-sharing systems. AppUcation generators are 
used extensively. In larger groups, there is increasing 
use of dedicated host system resources for application 
development. 

Using the lnfomurtion Arcllitecture Cluut 

The information architecture chart (Figure 18) servc:S 
as a management communication too! by providing an · 
overview of the major elements of the architecture ,and 
their relationships. The chart also provides a flfiD 
foundation for later development of individual portions 
of the architecture. 

The architecture chart provides a wealth of information 
and is interpreted in the fotlowing fashion: Tite major 
blocks represen! individual management information 
systems that may be implemented in logical building . 
block sequence. Reading across from an individual · 
system identifies those portions of the business ·e 
(business processes) which are specifically supported 
by the information systems. Reading upward to the 
data axis identifies those data bases which may be 
controlled by the specüic information systems.· Finally, 
the Unes and arrows connecting the ioformation 
systems represen! the now of data among the systems. 

. . . 
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Thus, data is managed as a corporate resource and is 
provided to the appropriate portions of the busineSs as 
needed by means of systerns that may be implemented 
piece by piece· as business justification warrants. 

Dlstributed Informadon Systems 

The primary purpose of distributed informatlon systems 
is to provide the user with a leve! of computing resource 
best suited to bis operational requirements. The 
elements that can be considered for distribution include 
hardware, program execution, program development, 
and data. The degree of distribution can vary from 
totaUy centralized to totally decentralized. The infor­
mation architecture defined in the BSP study provides a 
good foundation for the planning necessary to address 
1/S distribiltion requirements. 

To add dÍstributed 1/S parameters to the archite'cture, 
the project íeám must: 

• 

• 

• 

Thoroughly understand the degree _of distribution 
of each element 

ündéistilnd the reasons for and agaú¡st distributlon 
of the various elements 

Be ilbl~ Ío put lnto perspective aU the factors that 
affe~t distrib~tion and sharing of data processing 
resources 

• Appreciate the need for a long-range 1/S plan and 
for development of a facilities plan t0 support the 
1/S plan 

Severa! of the matrices developed in the .BSP study can 
be very useful in developing the architecture extensions 
required to defme distributed systems. The process and 
data flow analysis should be extended to include 
physicallocations for systems and data requirements. 
Locatlon versus organízatlon, locatlon versus process, 
and location versus data matrices should be prepared. 
A process versus data matrix for each locatlon (or 
group of similar locations) should be prepared with 
additional parameters on 'tbe axes to include data use, 
security, auditability, data occurrence (aU or partlal), 
activity volumes, response required, and criticality. 
Figure 32 shows this type of matrix for a manufacturing 
plant site. 

These addit.ions to thc architectural description of the · 
information systems cari then be input to the individual 
appUcation requiremerit studies to determine detailed 
distributed systerns requirements. They will also give 
an overall feel for the appUcability of distributed 
systems to the infoi-mation architecture. 

The reader may wish to refer lo the IBM document 
entitled BSP - Pkmning for Distributed /nfomuit(on . 
Systemi, OE20~ss. This document outlines extensions 
to the basic BSP methodology and shows the develop­
ment and tise of the matrices cited. It then examines· 
the possibilities for distribution of information systems 
resources and for choosing the most effective plan for · · 
implementation. · 

Developmg tbe FJI'St System 

As discussed under "Implementation Options" in 
Chapter 12, information requirements may be satisfied 
in severa! ways. The quickest, least expensive way 
(that is, using the fewest people) would be to buy or 
otherwise procure existing code, as in an appUcatlon 
package. Second, some user requirements might best 
be satisfied by givitlg the user direct access to the 
computer thtough the establishment of an information 
center. Third, if an appUcation must be developed, then 
cortsider the mM AppUcatlon Transfer Team approach ' 
to reduce the resource requirement and accelerate the 
appUcation design and jusÍification. 

If none of the abOve are applicable, then an appUcatlon 
wiU have to be developed. As development begins, care 
should be taken that the applicatlon is not developed . . 
"by itself." The BSP study has set a certain direction for 
implementation of appUCÍltlons. This first development 
and implementatlon must support !he business process­
es and must: 

1. Fit propérly into and interface-With the otiler 
(future) applicatlons of the overaU architecture , 
described in the_ BSP stud~ 

2. P.rovide for proper implementation of the appropri-' 
ate data base(s) · · · 

These concurren! projects must be designed and 
managed to ensui-e that they lead toward an integrated · 
whole (the information architecture). · 

' . 
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Managlng the Appllartion D~lopmmt 
1'roces.f 

Application development is a complex process. lt 
requires a pbased approach and a weU-defined project 
management process. The foUowing examples are from 
the IBM independent study program Managing t/14 
Application Development Procen. 

A phased development approach must be used so that 
functional executives and the information resource 
director can review and approve the products resulting 
from each phase before the project proceeds. Figure 33 
is an example of such a phased approach and reflects 
the people resource requirement by stage. 

The project management process specüies the planning. · 
and control tasks necessary to manage tite phase, or 
group of phases, wbich make up a project, as shown in 

~ . , 

Figure 34. AU products and iasks must be clearly 
defined so that they can be performed, measured, and 
managed. From a user stan.dpoint, it means a process 
that. wiU deliver the application on time arid within 
budget. 

Three tBM courses are available to support application 
development efforts: · 

l. Projcct Management (3V. days, course code W9924) 
is. directed toward DP management. 

2. Project lmplementation ( 4V. days, course code 
W9BB') iS intended for the project implemeotatlon 
team. 

3. Project Planning aod Control for Usei:s (3 days, 
course code W9896) ls inteoded for ooo-DP persoo­
oel. · ·. ' 

1. 
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. j •. 
Abo:. trae t -----·-• .. ; ··,., 

·• 1\morv;J ~he cHffNcnt pha~.cs of thl?. dntll bJ!lC' 
d~..,;r;,: ror.-OCP.I\S·.: tM!.t1hO~~~-of modcrlin9 ur.Cr•s vicws 
n~·.~.l ¡;.¡i't.icu\1\r·r'-')t••·~ncc. . . . . 

.,il\i ~. 11<~I'C:!•: 6·;-~.Ct."\t•i'~· o'lll i ht.t•r"i:.C ti Vr Tnl!lhO.dCJ log_v · f~r 
"'··Qr;·:i~ 1 ;oinr;; tnn vic.wr. ~-~i.''·:.in~J f~"o1n lhl! t>lc_mt•ntnry _· 

!·.f"•H·r,r:t•:.. ~i.i)~. ~·Pl'i:i fy tra: n:qúirr.nll'nts of. lhe ap• 
:,iÚ.::"..'O.'\·-~ ~·: .· ' . ·.,. 
~1;(.-1:'1 '.lliH1~:l!''1.-- r.t•rtC!!".1t~!O· fl e )mlrl.~(tll rc.·prí·~<~rrti\• 
t:.••l•, ,,n-!·'r~·,,·:·i~~(~:;. Vr>.-)1~C.!t ÍCII: ii.IIJOI"~ltlr.\': fOr .. , 
1:~··\~·: · '••': ~:,.,,;r•n:.·i·~.-t .. r,rh;·S ~ r<·ct\ifl..;,lnr.le~ .anel ¡\!'111-'i" 
(':IÍ-~.i.<. ~·:~1.ft, ... ~~·:·.t~"uc.ünin!J M\li opll1~:1~·ir,0·tn~. 
;:.-·.:: •: i . 

.; 

.l . ~_r~~-u . .:JJJ!!' 
:"~>: : .. oc•.•i:·~. of h·:li(~;~1 C1Jta base- d{:s.i~n conf.1Ht; 
~Jf n,:·:~ rt\r'~~r(r:t--ruhtse;.: n·quin~l'lt:nt C.:Jllt:c.tion, 
vi¡.·¡¡'¡:!:.,r;(:,l:: ir·~;.- -,ri('w int~l)rit!.it~n; ~C.hf'm.J:'c>Dt.ir.lila'" 
tirm, .n • .-1 ·~c.r.c•:::·l.·r..o~:-.inry /i .. ¿¡, }'¡p·t1c;.lli\r cmuMS1!. 
t,¡,\ :H·•:f• dt'i'Ott•d._in thc: litl.!ratur~ to' thc view ' 
nt'_•':!•: ll i ~IJ 't•h·l!.·~· i2-a¡. 

. :-,,L: ~;-·,~1:{-f thf<.t ~-orll~5e h tlJ cd,_t,Jtn " f0~1nal rv• 
t"wr·:':•:tt,~i··,!; of ... c/ur.h u~>:'!r's vh~: Hnr~úiq from SC"' 

'¡¡;Cl!•li<: irlf:;nn,'lt:ÍCJ.n ":'(•Ut. tht• t'lPPHCilt.ii'Jn, l'nrl u~.ing 
·a.cru;roiÓn "'"lá(•tlirlq te:C.tlniCl\JC'~ n'nr::c the u~·cr's Vü!\llS 
· an.- :-(:l'l'c.:..t·nt!·-.; ,· t~!·y ctw t~·~ UII.~!J•.'l''Cd and ~ntf:']rJ .. :· 
·tcci 1;¡ th~·clata-~a:;c· dcs.-i')n~r (vicw intr')i-t~tiCiri). 

lo. :1rc1~r.;-to obtoíñ thP fohM1 ,.,,.prcsentat;on of 'tne 
m('r·~. vi'pw, i1 __ ,;I(H.lt·i1ing procC-durc· dnd 8 verH.;ca· 

·Uon proccdure hih'C to bC pe:-rfonncd /1/. ' 

: l n t ht:- r.()~j~11 in') proccdure, .u:;'; fiiJ the Prim1 tives 
of Un• tilr')r:-t d~l~ l~':lth•l, a r1:prr:~€'ntation is_ de .. 

· .:vr-!ct:f:d''Wr.ich (n:j!;•;if!~ 'th~ ust!r's vil·w¡ in thr. ve· 
'. ··r.l :· ·:~.(,t. i !.J'' ;.•'ü(t:·dure thi s n:pr"c:.amta ti_on hdS to h'e. 
·: tl·t:r;~ .. ~~. 'f·~·alut~ted, res~rut.turc•d, and optimized. 

. f. l .. tt,_.- CU:'n:nt st,lt(:- of thc lll"t, thc prohl~m Of 
... i , • .,.,. modtd lH•!):.i ~; ht' 1 n~r t..,,~ l t•d:· by lh{-'. de~ ta t,;-,;e 

-~c·~lt;'lt-rs in a .m~nual mimlicr With"'littlc· dhc_iplirie. 

·, 
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. ",• 

Ho;_;~_.vpr, rc-t\1 'world cXp<•rit•nce !.tww>;;\hat cor.:pute-r ';i. 

~U:'Infil"t-i!> nN•dt:>d for thr:- dc~ign of 't0d•"'Y 1
') ltl'"1C 

· dlltil htt~C~. /9/.·, l'ully ~ut.omattC ch!'.:ii)ll u~chnique~ 
él re- 1\0t Viablt:,, SinC.C' .thf'y inay prOCllkf: .l"t:f,Ult!:' 
th3t cto·not exprese; thc actu.11 u~<·r'f, f!L·r'~p~Ctivet 
·n ;, humnn i~ riÓt nc.tl't'cly ,inv-olvctl /',;.,10/. 

lhL· ba~.;C a~.c:.u;,;btilm or thi) P•'Pcl" io; thnt 1t is r" 
po!-.sibl(.' to 11(•ln thc U-:.cr ·.;n p¡':rfonnHI~ ti!~ v1cW :: 
mudC>ll in9 proccs!'. -tnroug.h an 'inlt1'3_Ctivt:> s.y:;~rm 
wh1ch: ·:: · 

~) (¡,~,.,, tho r#,pon,;ibillty of llnl'in9 t09t·thcr 
th!~ ct1ff~rcñt f~ctr. (rc.·qui'rt.>ml'nt"~)'·th~'l.t tht> ... ~ 

u~.{·r· i•. exprr.s:-.in~, thu~ allC1wir11) thf· u•._r:r to col-;:-­
lrct thr:m in ,1ny ordrr and'tlJ ronrt!ntr"l'ltí·,or: tiw 
c.nr.lr.lt•tC·nc-:.~ of th~ col h·ct.N1 r'N1Ulrt'fnentr. ·;n(1 not 
0~1 tn!·i~ or:-~Mnizatio1\;. · , . . .· 
t.·; e· ~~~-cr ~ .· iht:> ~·f onMl i.:orn·t tn~ !. ~- ·r.·!_,:·tl~\' .r~r;r~';(~nu'-

tlOII \>ll1iCti 1"'. {)1•1nq bul\t ilnd ~~~t' Ct•.: ,lf.C(i!J'.l: • 

·tt.•n::ir--.. CHid rr.dundMICic·.; ; : , , 

't.) t.IHJ\·1~. th!·· Ú~!:l" th\'.1~~: I'C>O'Jii"~IT_['r;t-~. U1.~~ Mvr r· · 
.· ¡,)rr:,¡oy ·,,f:~ñ collr:t~:J ;snd th·l~::can.IJt: l1~tc···~ 
¡:n:tr:<~ .in ~iff<·rrnt "'-'•'~Y~·• and a~r.:.. ,tt~c•u~,'er ;.t.r.' -~ ., 

"!.lllV(' lhr:·ao¡l;i~uiti(:d: · , · ·'. · ·· ·· ... 
. . ' '"• ;· ··:\ 

d) p1·ortuc.:r!~. rit tht:·Nl1 of th(' \';ilo·lc procC~~~- 'a 
:;c;fl{!r.l~ wi'dC.h is lit·~ t. su-itca t~· -in~ ·sÚIJ<;;~Q~f:f,l -·,¡ 

dt·~·iiJn pt.J~C!.~~(thr: d~~.i~n-procr.~s .i_inplicfo a c.hoic_e;· 
amr;ng dlfit.ren1. oo:..=-iblC rcpresenutiOIIS· of thc J :. 

,' u!.er··~ rtqi.drémr;:r¡tc..). -~e; '··. 
. . . · .•. -' .-. ...~ . '. . . ·¡ ' 

1hc viCw P\Ode1Hng p1·oc.c~:: 5tart:.,··ifl the 1r.tt'r"t1C·, .. 
t.iYr. d!'~i~r· nlcttlOrJIJlO'JY that--1~. prOf.¡ti~.Cd ht•r!!·. w1~h 
tn'(' CJ¡)1r·:.tlo'n Ctf thc r:lr.mr.mtnry ·~erltl'.'nC!'.~ tnat '. 
u..cpt'e:-.·, th~ .. Ü5('r • s. rpqul r<•rtt:nt~.·. Hir• ~(:ntt•;¡¿~~- can~ · 
he e u l '\ 1:C ted- ;and 'fn·t rN:uc(•fi•:.t'Y tnf/,~u:.r.r",; n an:.¡ · 1 . 
ord:r. Th.(!- sY~tro rrortl3nizC~ th<·'~t:len;Crit.)ry -;en .. -:· 
t1:11c.cs t.o firii'llly Olltuin·a.cnnonica1 f.oño'at n.•pre­
srr.t,,tior. o(thf~ u~rr'~. vieW-:~-,;-g-rJa1 of·~;a canonical 
rvorcsE>ntation h t(' climinatC' th!': M"hitrar-ir,ess• · 
of the prrspcctivc of diffcn•.nt df:Signe'rs 'ir. modC.l· 
Hn~r tht !.dni~ 1/Í(.>w, at 1f'ast a5_ fA'r as syntartíc;: ·_· · 
8~fWCt•. are cnn~er11f'd. (Note tha\,·.if two designcrs' 
Sf!~ the prob_lt'fl'l in twf.J "sC'!t3nticiilly" d1ffercnt .. _:: 
ways. two difff•l"(.'nt canonica.l l"(:p'rc!'.cn~.ltions wi1J 
re;.ult. Hc.wr.Vcr, wr.o can tCll ir,:tt.is c.ase. that 

'thCy are 1oo~.in~ 11t the ~ame prCJ~lcr.:?)·.'.T~c parti· 

1 ~~~-e~~~-~;~-~;;~ i ~;;;- ~ ~~ ;;. ; ~;,~.'·t;;- ¿~;;~~~; ¡~- :.~ ~ 
. Nazionale dclle Rlcerchc, ltaly; ,.' .,; ' "·· 
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,,:·? ·. ·,, ,: __ .- ,'_:;¡;.·: --~tr:;::··Y-·:)·:~ , . ::· . ·: ·;,.:_ <.f~·~ 
.1 : >{;·.:: ·,' :·· ... .• · ... ;: 2 m~ F .. ·,= 

e ~ ~'!,.-::, 
• ;·. .. <S·~~ •• 

2 
'-¡_,,·_ 

·, ' ·-. ••• ·> 
·cula:r_··canOn,;cal r('DrtJsr.ntation that: haj. beC!n 

. wi·l.l; be dcfined in .~cct1on 2. 
cho~en 

J t 'is reco'q'n 1 zed tha t rr:qu i r~mrnt cr. fl cc't i o~ and 
v1&lli rñodr!l.iint'J ar~ oorration~ which c1e,l1 'wittt ti'IC! 
''mluÚ·dnq'' of _dat;L Unfortunatc-ly. tttc·n~ 15 a 1ack. 
of, P.redsf.• dt~fi,;,i•tio_n~ in t.hi-:. fiel d. úne CJ.f the ~~ 
aims·:·of thC!·interactivc ttlqorilnm:; thdt w_iU be 
pr'cScntcd iÍ't. ~.ection 3 .is to forcP. .the us~r · to ·C'X .. , 

.,_, pr~s's thC'_. tntendcd meaninq of.r1<1t•l in a pr:c~ise 
-: 1 and unamt,ofquou~ way~ thlls -c:lilrifying .:tlso .tó hfn, .. 

.· sól~:.WhH ,,,~·:·r-cally:mcan·~. In fat:t, whi Ir: the ~yn­
tactic portiort of .thn .vcrificalion DrocecJur'e ls 

.:~· -er~tirc1y aUt'clm.ltic_,;the (,,:rnaf.tic ·oortion ~lf.'n·r.orlltes· 
· .-ft$\P.Ht1ons.r1h.out th~ vi(•w rr!pres'!ntjtion th~t must 

be a'.f,fi rmed ~by. thc u~cr. 

. Th~ -~Ídin· emnhdOi,, o( lhis .¡la por i' on the dt!'.iqn ,­
m<•ttiod anti On thc ·dfJnrilhm~ that can !1!' u~;,..d for · 
vicw"modclltnq', .1n1J_ nol on thf! pt~rticuLJr tJiullry 
dau··ruodcl Which hiJ~ ,bcl·n·adoplNI tO_ r(~nrc·.~.-.nt 

•1• ttl(l -V1t!W. Thc'.n1,1ln fclltur,__.!. Óf thl!- d•ltd rnod,~J wtll 
be briCf1y-.rccal1~d in·~),;ction 2. Thi~ srwc'if.ic 
hinar.y:mc.lrJt.•l 'h¡l', hl'ell s••loctcd --.1ncc ,it i!: fotmdt'd· 
on a; souud -tht:or(!tic,ll hJ"~i~,.· lt fll~,.mlt~. ;nc~c~m··r•~ 
ta1 SpecifiCdL'irm~ ur h,l!.iC fM.t~ .• ft f'., t·á~.y ltJ 
fo'nmJldlC_, to 'mo~nipulc)tr., t(J ,rl':.tructun~. oll•d liJ. 
unctcr's'.tand, it rliiC!w~. flPxitdc· r:h\f,rhin~ irncl fll~'-'r'linq" 
o' dfffP.r.t•nt U!.(•r':; v·i~~~~~. dnd cffi(icm't mappi_n~J 

'tci oUÍI•r·d,lliJ'modP.l-:.~· olntJ it P<.•rl::it~.·_tlr 1: dt•f.iili-
t i nn ~o( U::.c'r'-;.. in tC'!ml·~" '..t~rua nt i e· /E/ 1 1-13/ :.i';-
• 1 • ,. ••••• • -. '·• 'i. 

1!n ~d(ltCribiñ']· ~l,r. vfl!w (j,:r,i~Jn nrethodOlw¡y, w•: 'tdll 
. n¡¡;tflly:.dc•al wiUl Uw prrrtllf:m or fJI_'II'.'rtHlll!)' th(.'' ' 
: an~.t'r,i'Ct moch:l'of .thé,u~.(.•r'~. iufonu.1'ti(Jr• ~trli'Ct.ur<•·,.-, 

1 •• ·: ,.. • ,. ¡n.;.,\~ 

' : :.,, '( •' ,. .·ifJi(; 
-\.: .~ ·,( •.,¡·· ·;~~ 

seman ti C'S / . . '· ' '.r:·.~ ::. 

.. 
·.•. 
-,: , .. . , 

scnt in the user·s 
.,,. '1 :l.,.-> 

z·. 1 .. Tt.e rbas; e modr.l' .-'~~-~~·~:; 
. . . :. . : . •'' ·~ .. t: .·· :, 

.f..ny ohjec~ or. fdCL of th~ rea 1'· ·~orld to be ·r~on•-;c-tlt- }>::·t; 
'c•a;·iri th~'~itta tlll~(' con~'tít~!.é's•'an ':_f.!.~f..!Y.·· .r~·c :.o::t_·. r~~~~·!, 
oCa JI pntlties that ffii:(l c;.n;t .-in ony po-;:;1blc-. d~tu , 1 ··.~ 
oas(' ~tilt·e 1s E : le!~ ·h an ,Cht.ityJ _. lhl' ~g_t rif h~;~~ 
·en_tit1('~ Whit::h ·c>:ist ·i,, _a 9íven· ~tate is Cfls1 •• • • I ~~~ 

' . . '• '. ' . ·~;:·, ')-
ThC ba~ic 'un1t of lnfor:nation 1_s rcpre!;(•ntC'd hy th:· ¡·:·~;:1<: 
fclCt that .. two e·ntfti(·~ ar~ gr9up('d -ln.d r1air _tld-ilrl~!.· · .. k:.}i 
~.onÍ'J ~('mantic m('anin9. For ini.tancc,'o ... ¡r~o:,"::c 1 :t (':· '· f,~}:l~ 

and 'lives.-in --.~ 1 , e2 :-' at·c t~o ~a1~s rJJ_l ___ ¿h~·.,~d~J<: ~j,:~_:,/ 
. two.cntlttc~, naVinrr diff('rent 's~mantlc rn~úling. ··t ... · 
. A ~~·~~i-~ __ R1 ~-~-d fs :.h~ set: uf dJI p.1lrs hc1:vir1r1 ·--r __ :,1~ 
. lhf:iS•ll!i(' 5'Cmilntic mr:a'nlnq. U:;udfly, 'the. r.e1dtión ·.'·,L.: .. ·::··:. 

r1<u'nC b thC t.'ll•nibnt th,-ouqh 'wtd"c'Íl Wl' exur0~5 U11s:_ . ~ ·· · 

mca11lng. A;·!.E.!.tlt.1o'l..!P..?l.~!l-'_'t CJ~,J 5-C Rf i::; V1c :>t-t. -·_._·.·-~,./_' .. ·_ .• '.-~ 
--of Pair~ o-~ Ri 'tlhich ~Xist. in a ~iv, ... n St:]te. Ttlt.' . ~~ 

abOV1: <:OfiC.Cpt:-. drt~ con':.iO<·n•d to hr• pri1_•1itlve ·1~1 7nu _:'!· .. :.·_•:· ... ->_t. 
r.1oCtld¡ tht~ 1 foll0w.in'1 dt•f.initiorJS~ ~pec:ify the dCriV'··~ . ... 

~~~;~,:~:~;~~;~::~·:~:~ 1 i~~(~;;~ ¡"~;.~::y·~¡;¡;_~, p~~~~~t. .f~J 
• . ' - . 1 ? " f• ~ ,. 

1~ ,;,llcd-1ts r:-rst ( ... t:corld)'!!!.9_J_C'f-_~~j~ ~¡-_·u~p.:: j:-~t.: 
,_. Two .Jprojc.:·c~.ion; ~t, fij ~~~ __ '-'Q~ts~~:; ~ f ,thPY_ C:O?_t~~i.~~: _t!·:~.-' ·:~·.,· •. :•: 

r;amr.-·_<:lcmc~~s, i~e. r. 1 \ P.j''.~_n:-n a .~e~ .. ~~-'t(·· J,:b_:~~'.:;,'··~.•.· .. ~.·.-:.'.·.~_·,· .. 
-1Jti(in':., thcir fir·!it MtC ';f!r.nnd_·.prnj .... ctwn~. can··:•(· .· 
coll(:cled ir~to ryroup~ of r:r¡uul pr·ojr•ction~ . .- •. t:_-' \t•if.,. ,[ ·v...• 
Tr 1~, tlt('-n .as~ociAt('d ~l.ith ('(l(h suc.:tl grii:IP._:Cdl'i_.l·íl' .·,:r_:_l~;::_ 

· ritd lt•' w·t! .wi 11 'u o t. con'':. i c1cr tire p nJtJ 1 f!m o(·~·,i;:;¿'j'(y.i'ng 
Jlld. r6prcscnt(rli'J thr:> VJI'iou:; s_tatir. ~nd dyh.lr.~ic 
con:;traint::.~ !.'Jme of· thP con~t'rair.t r.rodc·ll inl)~llrO· 
hlf.'ln:'.·:are·trP.JÜ•d tri /14/. 

• ~ •• ,1, .. 
"· ·?. . · .!!i'r o .!!'~!Jcl.t.L'!"-'·'.<J .. 

~he 5i_C!_!_!'.!!J.!E_ry _ _'l[.O~E of ':' 1., in "~~,¿h .ikWrty-Uí~tY ~ 

: Tr 1 R~, for oll P.~ of-tr,c.ao•·i~?tion ~··our of r,~ :;t,';i,• 
.Thc-· U5uc1l sét op~~c:~t,~rs .can IJl' ~P~1ic~ to tyP¿s; ._:,;t~~;:_::: 

< ~· . . 
l'n _ttii_s-~c.·ctlor; thc main prOIH.•t'lle·~ uf thc úc.1ta 
mtJdl! L,w;l i c.h ~·1ll h'~ · u~.td 1 n thr vi 1:w <11~~ í (/tt m~tho; 
rlolt•'JY-"Wtl,l h<!. cl(.•flncd lu .1 form.11 ~'"Y· !trr. dc-fini· 
Ut~n:. win h~ qiv'.'tl ~.vnttlf•t.i(.11lly, -:.inr~'' nr,·trl_V nt ,· 

·.,,,,. UlOd"JII lrtq,.,unci~pt~. C\ln h,.. fotrnd Plrt'·Jd ir1 l•thcr 
· Pdprr$, :fn thtt l't'Lt:ralurc /'i. .,t)., 1 :1¡, in'd p.l rt 1 e u 1 A·r .. 
!y In /13/, 

·. -r' . . • . 
· Tt.l· r.rc~scnt pilpl!r dt'cllo:; with dl1 :;icp1 r1f lrJr¡icul·· 

;~chc·nt¡J!',·;- A lol)icill r,CFII'nlol j~; d !.l:~ of \('rttt~"C:('~ in 
:.cm(l llln')tMQe which dc.•fint· tht• ~·''r:ranti,c. prCJr•~·,.lic!>· 

. Of d.lta a: inl~n<Jpd t,y lhc u~c:r. Unforttma.tc.:ly, " 
- $UCtt ~í'ntt!ncl!~ ',jrc U!:.u<illy Mnb_i<Jtww •• 1h¡·r·t'fo,·t:i,· 
·in--~r·cti(ln' í:. 1 a bcl~.ic: 'for'rnal rnor!el i~ :ol'!fin~d;, 
ttdo:. modc.·l wil-1 b(.• U'--'t'd in o:.ection :o·.;·to r':Ot'C.s('rJt 
th(' oo·~"·i.l•l(•,m~.:'anin~'J'· of' IJ':t{'r'~·:>L·nll•ru.•.·~ .• 1h-.• al~ 

·q(withm::>'\othich- will he ~rcscntcd in'S1•.c.-tinn ~-c.'lim 
a~ frJrcinCJ ttrc• U':.Cr to -~iVl1 lldditiOil¡lJ.~pccffic.J .. , 
ttnn~ •• -s_o that only one intci_'P!':._t.;Llti'On 1 hc•cwncs -pos~ 

·._ stbl~. _.-": ·. 

.S·t,ctio'n.;-2.3 t.'Xtcndt-, the .. 'btJ~i~ model ht arder 'to. 
.cie~l WHh-. y,,rlou~ !.l'!rn,iittic p,·npcl'tir!~·· (Jf c.(Jtlf'_,~, 
oth<:r' ff!rllures ctJuld he ;¡dch!rl. t•ut. hc·•·c <Hl)y· t~oU::.e 
fe~, turcs. wh i c.h · wl 11 be u~ed in th~ moda 11 i 111') IJr·occss 
of SI!CUon_ 3-~,.~ con~.it1crc~d. F'inal Jy, ~er.tiun 0:.4. 
d~f1n<"' 11 C.HIOnit:..l-1 · fonn of a ~chc>m,i wh ich ~, IJrp,..·:, 
f.llntination of furthcf·arn!JlQuitll•:. ~~~~icll'm,ly'l'l:· fP'!-: 

. ' . . ' . 

·- ·. 

thcroforr.• 1 · · · ''•[-;->_'' 
-· Typo '-¡ i': a su~type nf ty¡¡o r 2~ Hf T1.c T2_ . , '1!•·· ·; 

Tvpe T 1 b~ a supcrtypc: .c,f· '-!'Pl'•·!? ~ff T1·::> ;(. ··. ~~-<~· 
TypC T ts .thl' un.ion t.v·pc of t.~PF!. r

1
:.\.T

1
: . .'·.,rj¡· . -- .}i:·/!1.·: 

. Ni .. \ .i.' ·._;.,~:-~~~-
iff T • U Ti. . ;.·,.·_:. \._ ~-.-.· :.~.,,··_,_· 

1 i ·. t.·• ' . ' ' ' . ' \'~¡l .. 

Complcx type\:'hicrarthic·~ may co~S'cqut:n.tly: bt;•dt.'· .-1~ .· 
rivr.d. .. ' _1,. ~ri __ :: 
Givcn • ,.;,,,-:ion inmncc CR¡l, ';~i •/c'!~'ti~~-R.¡• . ¡"f_~:.!~_::~­
wo i:all. its first (~ocond);_~'!!:'.!'...!!~/C~il,. {CR;l:,l( .... .' ··f:!:\.: 
'thc· set or .·d1. cnt.it il!~ wh_i.ch a~e';~~he t-.ir.st.·{~t:cO_ó~L .. __ _,·: 
cn:t i ty of 1 t·s .. pa ~ ~s·. · · X·.- · · :c. . .. 1 .. 1 _.,, :·: ... 

Of l cou;s e~ fÓr oach' poss i ~le· statei CR¡ J5 .~ Rj' , and l'. 
TrhRej J ~~ .. ~o._!~·R' 1,_ d. u~·_._,·_~ : , :1,_.~-•·.;,_·_ 
~ _ _" or P2f!..u.Jitio~ of. a type r;_ tn ~--. .' ~ :': 

oossible da.ta:· base sta~c· is .t;~:_.~ 
. . j i . -

GD,{Tr) • U.CRiJs;.for oll Rj which bÓlo~g to,.t"c f:'•:,';, 

dct;ivHion g•·oup of Ir. <(t},:i 
• .. 

---~--~--
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~ ~coem.• i!,; ,, <ldinition of, all po,,cil>1o data llasc 
siat?~• ~ht~i;~Hlll lh<· dt.'fini-tion of a ~ChPnlá a u-.er . 
df-fir_ir~:-~lhítli.i1ata. ba~(l ~tate~. art· allowcd; the pur·'. 
pOH•' C'f.: tflP· -¡d í)Or,i thm!. whj¿t, c'l!''(' prc~cnt(od in the / 
u<•xt ~h:~;c\;, ;~ tér-huid<··trtc• u~dr in pt•rforming·.a; 
~chpr¡,, ctl-·f;fi,¡t.ion·wiliCh rcflcct~ .as preciScly as ;: 
:~~~<;.i_tdc· t1_l:. lntt>n'ded scmantics. .;. 

· ... 

' .'h 

1) Pf'fSOÓ5, Naffies' !-1a~a~er's and oep'a'rtml·nts are 
t.vf\e!.. 1 • • 

· ~cntences l.i 2 and' 3 cxpres.'!'. tn~n. tnree i-'eolations; 

'2) Persóns, N3iñes. lJeódrtml•nts ~re typ'cS, Manager~· 
iS a subt\-·ric· of Prr-r.on~. Sentcnce 2 expre5SCS .. · 
thf·n a ~.u.btYpe.rclationshi'p. · · · ... .. ;: .. 

·. lhi~ imnlics· that thr.re are Pcrson~ that cannot 
• be r1anagcrS;" · . '. . 

~~~~_.-_,H'OI"-'' Út."!-- whiéh· arC> drflnPd in thL•' ha!.1C sen· 
Ú·n~c··, C'f ·.1 :·c'll'tna (withoUt'consldcrlng addHionat· 

3) Pcrson~. Nam·c$, Oep11rtmcnts are: tYpe:-.,,.~ana!Jc.rs:­
i~ .!1 ·'doma in; . · . · ' 
ln this CtÚe, a HanJqpr is:J rc-rson. any Pcr!.on' 
can· be a t1i1rlartcr; ·hui ·only il PC'r!.on whlch is a 
!~an~gcr can·:m1lf1c1ge ·a Dc.-ri!rtm('nt .. ~r~ntcncC ~-ex··,:-: 
pre5S'C!. a rt-lJtion producing a -l09P on ·thc type· ~~ .. 
f'crson. ·' · ... ·,, 

.- .. 

.c.uf!Hl'illnt(_l- J,·~ e'ssenth1lly thosr wilirh r·xpt·ess 
thf··.pc·:·.~~it;:_i-lity" of'·a samt' ·entity t'O r111rticlpate in 
diHl·r,.n(r:ídatlonS~. ··, : . 

1.<'. •• ' •• 

fhl1• fo_11(t}".inl] two· Ca!>CS can t•e dc(ined: 

a) 'An.v Pr;t.r:i'tv which can p·:irtic.ipJtc 1n a 'projecHon · 
.. , .ó~ ¡, ,.~~·,tf.ion .. ~l can ~lso particío"'t'' :in a pr'o; 

J"'.'lV~i. of a. réhtion·'.R 2• Th1s 1~ cxpros<od as\ 
r .l -: n:"~; t·i tm cm typ!.'s . ·.r or exam:> 1 €!, i f thr two 
,,. Ur(,jr:.t:tfon~ ·a, .. t.. u,~ .f~r!.t proj!.'ction~ thcn 

. 1 · n·l~:. ·. 
f .. 1 ~ ·;z' t 

.2. 3 " Sonw c-xten~1ons to thc• mod€!1 ::~:· ----.-:¡.----. -------·---
. : ~·, ' 

Thc fol_lowing Cxtcnsion!. to th!.' basic rriodel \are', ~ · .. 
uc.eful: . .. .,., 

tho concépti o( oath ond of' semantica11y cqu1va1cnt 
paths. · ' · ·· ··. · .'• 
thc.· conct'pt of ('xtcr·nal and intcfñal types · :~-' 
thC' concr.rt 'of· il'i~nti'fyir.o ~~t 
thc contcpt :of (.'Xtcrnal ilwarlant_. type.···-•;; · ·,·H,·. 

'•, 

h) ·/1!1Y •·•!t.,it.v Which cxi.r.ts in.tht' do!Min'or a reJa .. 
:,:~:~~cm r.!'!~-~a.n~e .of rcla~itm R\ í_n a dat~ base 

sti\tf··~~~t.ll·lsO cXist .. in th(' dornain of a rela~; 
-tior• IJ . ., ir'l the SMTlt' ~tlltc. lhi$ is a cor~dition 

O!"· tri'··P·-dot"l,lin\· 1.n <lny IJO<:.!'ib1e st.ate~. Fór; 
p,~~,,,r::pft;, \f thC' r;r~t ·<ltuMfn is con~idCred, ·• 

·,úiv~n a $~t oi ll.rchtions Rj·, ... Rj~· .. Ru; 11 >1, 
' 2 ' 1 ? . 1 ·.· • . ' 

•uch .that R1.,1 ; R1 and R; ', R1.,1 ,for a11.1 'i <,N, 
't: 

.,;~ l ., ... 1 . 1 ·; • . r '.: - ' 

·tr_H·.'I ~f:'l:, f:·~~zl S· 1:~ clny pos:.tiJl~,.~.t~t.e. 

Th~ ·:~t:O'J/·:.~ .... -o tYO~S of s~~!n;,nt i.c. ~ropcrt 1~s ~rt·- ·r.'/. 
pn..--;.~ .. _.!:I.H:· tlif: ~tnl'r.~u i11- tht' followlng Way. 

a ~~·(R 1 ... ·;• R1 + .. , R11 ).i• th~.dorivod, r.ch-' 
._,_ ti ón wh i eh i s ·'llu i 1 t., throuqh · thc : oidCrcd ;corriPo~ 1' t10n 
· of:·rclatiCJn .k:-~ with-·:rclíldOn __ ·RHl .• ).: : ... ',; ·.~'. ,·· .. -=··· 

J '1 ( .. ' "- . ¡ • - ... _ ' 

, ~,n in~Untt'. o.~ A· fl~t~ pi. in. b_ d.H~_.-·ha~e .r-:a,tc, C.P.ils•· 
1·.· ttll' d<·rlví!d r<,•latlrm lfl!>till\f.(· O!•t01W•1 thrflugh 

. ' ¡- ' .•. -_ _. -.' .• . . 
l.~c:•. t•·\.f,~irm hit',··h l'•·iat'H•n ti,1n:p and r>rH.h tj'pl: ha~ 
;.. ·-¡ ·.-:: · ·( ... : .. , .. rc,r· t;'.,~6;··r;.:r.ifl·o-r.-:-trie t.YP'' n.1r!l('S _of. 
1 (:~ ·· > . .':>~; .•• :~· 5N.:Ono · ;troj •·c:t 1 on -in"•.; dr:c 1 el rtd • . "fhr 
!.U~:_t :·· ,.-!.¡;1tlon~.hip t•rlwcr:f"' t\'l(t tyot::>s i~ dcclan•C .. 

' . ' ' . 1 1 
·~l"'~·rl H•.~il'.e o) ... tl~!~·cond~tion that ~ 1 · ~.R 2 h-.~x .. 

-¡.;,.,_._.._ •. ,.l1·~y rc:l.lt.lotr!l. R1 :~nd R
2 

Ming coniwcted_wilh 

. . '' di. i R1 "1 ' . . -~·'1.!' .-;~~~(:.:;tyoP.;· t.h~ con -t on . 1 C. 112 .d; express(ld 
· ·t,y_ r-~¡.-:_ú:itly dcchr'in~--tMl thc ty~c ·ao;!.ot.iated 

' 1 • ' 1 
\'01tr. 1{1 ;~~.a sut~srt of the'type a5~ociiltcd \'d_t.~ r:,. 

"ce:..c:_hj .'ir. r~p'res!>('d hy rr.-Jns of Onmrl1n N.,mcs. A 
dWth1in r.11me B _giin~n to tlu..• domt\i'ñ'"ó"f"d-"r'i:l':i't1on 

1 ' . ' 
"'~~¡. ''t'C;,_.d, say ·tO cR2)s. Thcn ttlc rchtlons,_f~r 

:·~t.ich thi>'property of cas~ b) oppHes ú~ rofcrrt•d to · 
;thic dom•in. · ' 

Hrrcr'l d u~:-C>.,. CJ(t>r'e!iS.('S the rrnpttrtif.'S of- data, ·he 
co:nrnunlt -u~.ás the f<eli"tion, 1y'rH'~ and Oomain names. 
01.cour-~.e. he· fs· not aWan) of thi!i f,lct. The I"'Cidel 
i!. ol ['fN.'i~e di!f.initiOn Of hi~. intC'ndcd scm.1ntics • 
J:1c alq(/rit.hmi that will be prcscnt.<•d ;n ~ection 3 
cP'f' a 9u.ide: ·ta· define data scmantits corrcctljl.! For 
in'"~t.antt-. if a uscr ~.ay~: · ·.~ 

• S<•rrtenc'c> 1 "P.cr!l._ons ha ve N ames •· 

St·ntc-ncC! 2 "Personos a~e·r1anagcrs''· 
Seute:nc~ 3 "Managers m~nage Departrnl!nts" 

thre.:- 'irrtcrpr.etation are pos~ible: 
'~' . 

thi! unliiHn.ition of th{' in-~tintl•', of.·tht rt!l'Jt'1ons' · 
coi'I:.J if"'cf1 inftil<· path. · ',·:·' · t'• 

i•<~O nilth• .. t·. ;.ond p .. .:trt• .~'.!'!n~!~~J..~.~;.!_l~Y.}:}±_u_lyttl.~-~ .. Ú.•· 

. .. '· 

,. 
.• in 11ny nuss~bl~ co;n~c.t ·!.llltc of. ·th'2' f1!1Ú lta·~r, ::·)·1/ · 

tt•t:ir' in~.t.1ncc~. ,,r" f·qurtl, ·t-.r!. ttü.·Y contain 'the~ .. 
!.élml' pairs of·cnt1th·s. ·• · ' ' 

lyp(•S may bt!· 1r .. la~!.ifit•c1as,externb.1' or 'intcrnal' ·;·· 
typc~~ A tyoC'' t5 (•zt!~rMl if H 1!.. PD~!'.ible lo ~"·· 
!.ynthr:~l7.C' ttil' in·rr;rin';i\";'Qn f}CI~S€'5~cd.by th(;' entities 
tw1 ongi fi'J t(¡; \),{• typt: thr{)U_l)h a l.f!hllnun;('ri Cill ~ t r1'ñ~gs f 
(,·,i tht: orwo:.j t<· a 11· typl·s· <.:or',,,t i tút,_·d hY cnt i ti es~· 
re 1 cltcd t. o alJ~ trec t- concc:pto;. wtd á• C.iHi'not ·be ex·- .• 
prc~.'..f:d tly af1 alphanumC'dC.a\'st.rini)S an/ intt•rrihl·:·:. 
t.Yru.::;s. lhir, ¿lao:.~lfication· \·l<l~ ;r.'trn1uc:.c-dfñ7b,ll', 
12/, whr·rr· (H1ditionrd h•atllrt·~ of'. lr•tcrna 1" tYPes ;, 
-~mrr detai lcd; o!,!'.ervf• th~t .hlch "dt,main'.of a type 
1 ta~e~ thc ~tlme propcrtic~··of tr.e -corresPoMlcnt. t)'pe. 
lntcr!',~l tyP~-:. are mcr~ningfUl only~ if thcy are re_'": 

"· 

'· 

latc.-d to· at_lc,Ht one t•xtcrnal typt> through a path¡ ... , 
b('-:,i~c:-.. intcrnill .typt·<. rnu';t b•: Providl'd of'_an .. i'denti· (.' 
f;lirr'J !.C't. whilc cxtt·rna1 '(y~ri-:,-,are sclf:~identif1ed · +' • 

by thcirAma¡)pin9' to alpM~Ómc:>rica.l_.. striñgs. · .:~:::,;,. 

According to thr. dcflnitio·n given.,ón /5/,'.the·:-.<':-­
_!dr:nti_!.y_l_n9.Y'.~ ps) of a typc or.''domain .con~ists 
olall t!lo rel.HlOn> which can be u>od'to un1que1y 
describ(> 'the. ~ntities of a type or domain· in Op:po·. 

"sitien to all other entities of the samoi type·or' 
doma in. ·:,. · 1 ·:4 ,. · 

We on1y r~call that 
i> obta inod through 

" 

'{ 

thP. id~ntification ·ar: an cntity 
ro1ations, and Hmay:nee~ ': 

y. 
",. 

·264· '• . - ··r. 
--'----· ------~·--------·-·-.:. ______________ ! __ -·-----~~-
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thc and.'torr.hinatlon of twu or mor~ r'r.~atiorÍ!.-~;-,Jhe. 
rclATiiin~ whlét~ ·constitull' ;w I~~ tiilVl:_ to t;atlsfy: 

:.; t .set of fonnal propert\C, />e<.'' 1:{. ., 

':Some li•ttirnál type' h'ave an oddifional' prou~rty:. 
i!~_siJri1(¡ !th.~-t th~ relatlon P. 1 ~s- glver1, .wnpre _ ~-

1P.' is an interna! lYDI: csnd f:": 1~ an eXtcrnal type. 
~~.r.u'n1~:also: t_h~t r. 1 i~: .. bije¿tive dnd.each ent_ity 

· ~f ·RL as 1on_g as it eixi!.l!> in thP. data hasé, h. re-
, ' . 2' 
íated to only ono "ntity of P .. (con<,equl!ntly, o palr 
• . - ,• 1 

. _.or rr.ps _,.,, ·anly ~e 1nscrtcd or dcletcd). In ~hls 
'ease wii. ••Y-lhH Pj is an .!'.~'~!.r~".!_Jnv'!!.~ . .!.Yl'.!! 
througn: R1• 

2,4 !l!,o:_C_'!!!_oniC:_•.l!o"'\ 

·Thn 9001 of lhc view de$1911 mcllwdology,_wldch·w111 
·be prcSrntcd in' Scction 3t 1~ tn obtain a ~~noniclll 
1;1rn1, startin~J frmn a d('~.críntí<Jn of t~~ rfl'a 1 'World 
gtyen .. throu~ll a -:-.at of t'h•mentary sentr.m:co:., · 

• • • ' J 

L~t u>· Ji.,t: rccdll the loas.; e ·propcrlic> of· Ui• re· 
· ~ crcn'cc ·mod~ 1: 

GVtach··-rclatton ,,,,Dt·c~·r~ o'nly once: in :the dllta·:bJ:.c; · 
· ... it can· cunnect hoth tyuw. or cJom"inr.. 
,; Th1S:.condi_tion impl ie·~. that all thc equiv~tlrint 
~--: rcla"i.iorr'•.'.uili~.t hP. groupr:f.J durinr¡ ttic lll·~ign· 
· ~ ·próc(.o!;s: · · 
. : ·. . --~ . . 
b) [olC.h.:typp' 15 dcfincd a!. int('rr~al (Ir c·xtt•rn;ll; 
· '(~11Ch.y10lf'rnoll tytJl' ÍS provir!L'd Clf an ifll•ntif_vin9 

Sf't anri.l·~tch cxtr.rnal 1nvariant tYJH-' i~ dct.ct:tcd. 

lwo etdditlcrnal proncrtic$ .1rc rN¡uin~d in Or"dE.•r to 
o:,tnin ll carwnlcul form: 

cj ·r,l·c.h·,,;~xt~rn.ll ty¡:1r is c.onncctc.·d only to onf' .;n .. 
'·tcntcn typE:. Thi:o impli('~. thH twn t'Ktrorn,ll typc~ 

c..:rnnot tu.• c:ónncctcd vi., ¿¡ rclatlon. 

d) 1-:(•latlon::. rlrC s~·itcht.•d to UH.' pro¡mr ty[¡('·or 
domJin, u~.1n9 ~llc "minlrMl utHJJtl• propa')<Jtion'' 
cr.i ü:rium. 

Thr. 1 "~1i.~:J;~-~-~1~-~J!~IJtc Jl!!.!J'il~~~..i!!.n'1 Cr1tr.riurn m1¡~t t'e 
exp ollrH! • 

Civcu bJO relation:. R t1r1d n.1 , wlwrc R1 ;: R~, th1s , a , a l' 

crHerium is uoed in (lrder lo drcidc the sub5titu­
"1 f.R "R h ,.I.R? ¡/"R2 ·' on o b vY e' w C'rc "e · , · ·' b' • • d e 
Prr.vidrd lltoll thc rclation Rb is equivalrnl to th~ 

path (Ra + Re) ond thdt Uoc relalion R, i!. equiva­

lent lo tite Pollh(R~ 1 + Rb), Rh will br:suhstituled 

by R, if ·lho •lobtlily of R, is grcotrr thon thal 

oi Rb, .Cy 5totd1 ity of Rb(P.,) wr mean thal on uod•le 

of R
0 

doos not 'imply oln upclatc of R¡,(RC). 

Ot:serVe also that this critcrium is r.quivillt•nt to 
thC' intuilivt· conccpt of l)ttrihution of a rel.ltion 
to Urf" "t~~·st" typr!. lht• cldV.<~nl.Vlt'<; of thP. llllOVC! 
prop~·rtil·~. with n~·;p('C:t to the d.·:;inn of a dat.rlhlSe 
"'fll not hf' dt:·.cu:.".t)d tl(!rt' /scf' 13/; trowC'ver, ttw 
v·;rw !.pccificJtion nwthndulo(]y whic:h is ch~!;crih<·d 
in tne ncxt ~.cct ion •,.trow!; lllJt lile r:unnr.ic,ll fonn 
nili'I..'S.l•nb a rdtlon.J'liliJtiorr of the infti.1l u:,pr'~ 
1Jh·w, sincr: nro~t of thc hHidf.'n in)pl i_cJt_lCin<; or t_tu.• 

'.' 
;' 

' . . . ~-

elementary' iñput sentencr.s· are made evident, and 
sernantic prCipe-rtíes of data dre 'fonnally c.-xpresr.ed .. 

. •l . ¡ \_' 

' '• 
3; The Ocsion MoHoo~ ,. 

The design methodoloqy will bt' .described in thé: 
preScnt·S~c.tion from an·al!lorithmicul vie..,, po_iñt,­
by i11u!:.trOtlnJ thf~ !.cquenc'! of oueration:; ~<J!dC,h 
manipulatelthc input elementary senter1ce-:. givcn by. 
the user. J . · ·, 

Al thoo~h this manipulotioro reflecls both 'automa.tic 
and in'teract.ive procc'->ses, t.he ·formal notJtion ·· 
adoptcd herc·will not ~trcssthe'·interaction i!spcé:t!.. 

'rour main stagc;s in the propo:;cd-.'vi~w -de!.i9~: ca eh 
descriLed .in a subs.~ction,_ n111y be, dir.tin_gui<:.hed_: 

stagé 1) gatherinl) and pr<:limlndry manipulation of 
eJen1<:ntary scntcncL·s 

sto~e 2) 1denlification of hierarchies among concepts 

slage 3) drfhdtion of 1ntt~rr~<ll ·and cxtrirnal· tY.Pe!i · 
and 'of dcimc1in~ in h\~rarchi~s;-oht.ci'iliiñ9: 
thC canon fea 1 rcprt:~l·n·u ti on ·ot U1<· -dJ.ta 
ba~c · · 

slage 4) fomo;Íl ,;;mpiÚication··of tnc 
1tanonical~. 

rcpt·e~ l·n ta t 1 on. '. Thc humo.1n mirrd h.l~. th(•· éapol.il ity of:ag()r.¡•q,)i.in'CJ 
cnt1i;cs wÚhin an .lt.:;tr,,ct cnnccrrtt ·clird. i•,, ilCC!iS .. 
tOfncd to thinK in thi~. W•lY. lt 1~ ·tnr.:rc.:fOn- [,(;~.~itllC . 
for thC U~~r lO }i~t rcl'a.tiOfr', tl~tvlt'(.'O ·ah~.tr,)Ct' C{HI• 

écnts;·uJis· list of n·l!lticm!,'tH~lwt~cn conv·pts is 
Ulf! innüt to our aJq(lrittlm,Mid it .i':."cibt,1111('(1 ri$ :a 
sinl!llt' (!niJntC'ration O'f t'(•liltion~. and cor-.écpt~., wtrlch 
can be performL·d in ;"Jfl artd trar_v !o~.:(¡u(•nc~ by Ü;e 
u~cr follow;ng hi~ lntui't1or .. !ni::. 1 i:;t. i:.· n0~ in 
dlrect corrr.o:.nondcnce toa corrcCt modcl, .t'('CLIU!l.C:, 

many rcl1H ion~. with ttrC' ~tlme scmñntic llll!Jrnng 
rwy be prcscnt 

cons('quf.'nt1y, 1t 15 not c1c:.1r· whrthN· ttw con­
cept:; corr·L·~pond to typc~ .• ~ubtyrt.·S Or OOIIi<liiri 

many ~cmilnt ic aspccts may t'l(l I)Oibiguo~s, ir1c.o~rC'ct 
or uncxpresscd. · ' 

In ordcr to ohtuin ¡) corrcct log1cJ1 zchcmJ 'in c'a .. 
non1 ca 1 fprm. t. he mocle 11 i nf] nrm:c·s~ trar.s ttm11~ th'c 
input 11st of rrlat1ons, and clas~ifi~s .cóncl·pts 
into tylJcs,.sutltyprs, and dc~llilins. How('vt'r ttris, 
c:lllssificatiorr can be donP. 011ly _in staqe J. ·u..-.iót') 
thl· result~ of thc ~Jnaly-:-.1-:. of the hit.'rMctry of con .. 
crpt$ which i~ done in st,l~Jt! :. Thr canonic,,J form·, 
ohtain(ld U!. a rc~u1t of 's.ta9C' 3.-:is forrna11y si~:: 
plified in slogo 4. 

3,1 r,,,rhrrinl'l .1nrt_prt:!limin.,ry manipu1ation oL 
!}~~~~ntdry-·!':-c-n leñeé's·-~ 

In ordt·r to 111uc.tt·ate t'hc dcsig~~.m~thodology. we 
must inrroduc'c· th~~ main fcc1turcs of an clcmt•ntdr,y 
sct of 1,1ngu.,~<.' sent(!nccs by mt·ans of which _the 
uscr C:Jn describe lt1L' real'wrH·ld; we rccd·ll tthll 
in lhi<:. papt'r wc will deal With the cÓllect.iori of 
inform.tl ion on thco ·structurc of the intcndt•d dJtJ 
bll\l!, dhrr>9M·ding the SIJt'Clfication of con:-.t.r·¿¡ints~ 
the prob'l(•m of specifyin9.constrair1tS 1s tt:L'•~tí•d ·;n 
/14/; . 

:-· 
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l~n<• ·cnn~·On" aru-c·t~r<• of tnl' tonsloE>rl•d SC'ntcnce~ h 
ú~ qr•r.t._ct\rr~:.nondC'nCC' _witn the:binúy-model, .. ' 

's1nC{' 1r: ·uw ~f'nt'~nce':. twn concl!pU; or set~. of. con· 
.Cl'rlt~ rlr'"l' Jink(.d tnrouqh d V(~rb1ll <.:On~truct. Wci can·. 
t1·ist1ri!luiS:h'i.nrcC main.· clao;ses of t:lcmcn~ary Sen .. _': 
tfnccs:--· ; 

. ,: .. - :;, 
• (.1) A c•:,_Yj~_1_E.cjno try~ • b 

(Z( A ,!1 b 
., 

'(3), A ~,!! B ' . 
whe~"-:; lo'w'ér·-~casp_ ·\cttcrs. an: u5~d -for siníplc c'on ... 

. céca.,, añd 'uppt-~·¿as(' lctters are ust:d f9r scts a·r 
· · con';<.:pts ., .' 

Thc uH• .Of st~ts of conc.cPt!'. in the 5flntpn'r.o~\ allows 
·. t'11~~- u~.er.~.~- crprc~~ion of P1lrtial ·aClcJr<.•r¡,Ú,lon~: f()r 

_hl~_tancr, a: user can exp~C5S the sL-Otcnce_: ' 
· ':. ·:!Mn·l9~·/, én1f•l oy~c has~ ntlmC!, addrcss 

í -' ----

Cotlotruc\·.,,(1) ro lates ony conccpt • E A to thc co·n· 
·ci.'Pl ll ttn~ough a. 9~ncric'·verbal construct, for,. 
inst.lnc<-:~: ··-· · ~ 

'manJ9·t'~~~·.· c.mt'llo~"ce woiak!. in dcp.,rtrncnt~ 
. . _,: . .. ·,.- ·' ·.·-.--· . 

C.nrr~ .. ~ r_uc t '(?.) , ha 5C!d on -thl· fundclml'n ta 1 Vt•rb •: h 111
1, 

f;.>rc~~ •. the d('~(9rior_ to CÁpllc1tly cxprcss hier.·:· 
nrc.h·j~·S betwt•cn cOncL•pts:; as· a con~.f·qucnCe of the 

·scnicnce "A i~ ~··, each conccpt a E A i$ a sub·· 
cbnt::cpt of'.ibT-for -'in::.t~Oc.e: . 

_r.~.1rlt11J~~ •. cmplÚycc S.!i -drpcndcn't 

i'h;.fJc:t·~-.· . .:;·i,~r~lrchlr.~ of C!'ncrpts · coflstttutC! a ba~lc · 
;nfo;H·rt.,)ti'ot~ to ti'u: dr.·.irti1 mcthod. • . ~ . • • Q 

Cc"J:.t.ruCt'-~(3) 'SON:ific:; tiH.• r¡t'OOt'rty lheÜ C'VI~ry 
.Cl!lllCPl af~ ~ POt~CS~C~ ~ tOIIC~pl b t U~ for 1n•. 
s.unce: 

·rr.¡l!l·.l'r(.r,' ('tr,ployt•e h,,~ ntlm~· •. adl'1rct;~. 
. . . . ·-··-

1r)~· .h.~' rehtiPr~~. 1 inl'irHl n;<rr~t1rr~:·:. i'lnd cmploycr.r •. to 
r•i'l~t .. clnd. to ·;fddr 1!!:~. n·:.:rr·ctiv(.•ly h;'lvr~ in C>ffect~·a 
_d_l.-ff.e,·pnt .scr.Mr.t1c mt·ur.in'J~ thcrcforc thr first 
(~lutr:r:_lilt,iq. s-t<:r> of the dl'~.i~n proccss decomrosf)S 
\oc onnHruct (3) into 

P':.V.'bE,B A~_2b 
~n~ ~rttvioli'> samplc fl.cntc•nce is thon tran!iformed 
in t,_;¡: 

mMhsger, employcP. -~.!T! name 

.,ffiitr~<l')er ,. cmployer -!~~~¿~d.df~S. _&lddress. 
lhe cnfl-:.truct (3) i5 introduccd in orctcr to avoid 

··undr.'jircd homonym~ t1r1d ~ynunymies in r~lat1on- names; 
for_ ln~tance: 

- rMM')er ~ address 

(;1•D i o.ve'-' 1 i ve e¡ il t addrt~ss 
Ji ·tJoth re-latTOriSW(;"rt wr-Hten using the same verbal 
cor,:-.truct·, furtht~r dnalysi!. wotilr.l havc been avoidf.'d 
in ordC!r to rec0gn1ze their cquivalC!nce. 

~~~. a conclu~1on. the verbs "h" and "has•• should · 
.. t,.c: u•,,:d Wh()ncver pot;~.iblc, as thc first introduces 

·a h;J::.ic infonnJtion, the !occond avoids muftiple 
(lamC:s fo·r the samc relation. · 

-¡-;,~ !.et ·or concepts A for Cilch of thc three con .. 
;tructs is a candldate to constitutc·a supcrtype, 

, .. 
. •'·. ?66 

) •'•; 

·,, . ·.,' 

. t5- ·~¡:. 
' . ·, ' . { . ~ . ···'· ·'' 

.'LH u':. 1irwt~stigatc now .in more depth, tne ndture of: 
e!lch cont(.'pt; · ~. · · ¡. 

A c.onc~pt a Can tic elementary, as."s.tudC'nt"·!lnd 

."cour!;e••, or·Ú. can~b_e comp.lex. as:-"st'udrnt ·in ·a 
course"', ._., ,;· ' \~ . ,.. 
'As ~omplrx con'cepts Corn·~.po~-d ·ta th'C cJrtt::s.ian 'pro• 
·.du'ct· of.--elt:-mentiu~y concr.·;J,ts,,_ tne ~.i~n ·~' \.,.in:·~e 1. -· 

uti,llz.<:d for their eKprc~:oiOn ("$tudcnt·• c.óü:$oe 11
)• 

lhr· c.·x·thf!nCe ·~f: complex concepts .corrrsPonds to thE! 
p·.d~t(•nc(~ of cOmpo~it{' primary ~;('ys' /16/. This si-. 
tu,!,J.ion ma_v f,~- handlcd in J himtry ,ri10d1.•l intro'ducfng· , "--· 
an intt·rni!l. tyne corrl'~.ponc1inq to thr com~lex eón· ·-.,_-
ccpt and rlrnf'r'atlnq ntw r.clilt.ions. hctWf!l.;ll it. and ~.: 

:the c.o:nrm•wnt cot~ci~pt~. /6'/. Hw~l' rclcttion~. will ' .. 
.-constitutl· the 1dcntifyüig sct Of t~f· c.omol~x concept. 

The ·set of Plemrnt~:~r.Y ~.erltcnCcs hrtwccP CClOCcpts. 
· may ll•: rt•rn·scntcd tt.rough a grt~ph,- w!wrc cach. nade,,: 
co.r:rc!.ocmd~. to e, concr.pt and C1lCh are corres.~onds t'o 
e, vt'rh<.tl construct. Vrrlloll con:.;trucf of typ~ (2)' 

·1will bCl r-eprc~C!nlrd in thc !l~"tlPh by s¡wci~l. arC~·;,.. , i,. 
{ ~). ln f' iCl•. 1 a _!'.el of concrpts and of S(•nt't..nces 
1 ~ rt·prc~cntCd; dccOii1pO~; t ;on. ( 3') ·ha~ bef.'n prrformC'd. . ' - "' .. : ... ~. . . 

ELL'I[IITA!;V SENWICES: 
. (· 

employct• hcls addrc5~.,namc,cmploYee·n·,·man~gefo 
m,,n;-.r¡cr.has namtl .. 1 -•. -_-.:-,;-. 

tH~r~:(m htlS Mmc,3ddrcss· . ' ~ .. 
,i:mplu_yef:'•ri wo'r~.S 1n dcpartment 
manilqer is'-'per_sori · 
mtlna·~~)C'r -liV('~ ¡:,t· address 

.. : '· 

Fig. 1 • Set of concepts and sontcnces 

Al\ scntences that repre~e-nt thc d~·ta tla~e 
use e viow con>tilutc a sct R < l!i (A¡, bi )> 

must now· be analyz~d in 9rder to eliminate 
in relation names. 

. ,' 

in the · · 
; thcy 

homon)Ímies 
'. ' 

r•ring thl< proc<•,.o, thc somantic equivalence ·o·f 
all the reli'lti6ri-. tnll';t be tcsted; the relations 
having the sanw_-Mmc are suhdividcd into groups, -in 
cach of which r(·lation!. have thc samc scmi1nt1c 
meaning,_ and .<-·dch group -ts then forced· to have a 
different name. All ~cntrncCs with•~the samc nam_~ 

.. 

·.·. 

.. 
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·>.Í1nf.Íng· tho sets A. of concepts to the c.ame concept 
b. mus{ bro tran~for¡hed ·into one S('ntf:ncr. llnki!'li:¡ the 
••t Üri1'ón o~ \he scts A1 to b. In a fonnal ~·Y; 

•'" .• 

Y RÍ; (A¡,t•¡).o Rj (Aj,bj) : R1 f R and P.J .e R 

J.! !'..a.!"..~ ( Rj ), • ~. ( R j) , then 
r ' • ' 

( ff .s.tmant1 e mea ni~~~ (f!1) i ,,emanti< moan1 ng( R J) 

th~n flonge "".!'!!! (Rj) ~ 

Ú:ib1 • bJ 'then (~ 1 • A1 U Aj , ~lcto RJj) 

EXA11PL{ · 
·---~ 

Mana.9er m.1na.qr" act1v1ty 
En1p 1 oycc.• -iri.ü~·,;,¡;!; a e ti vi ty 
S.er'vant !'!~!~i-ho te 1- room 

. . ~ . 

t1anager, EmD 1 (Jy<.•e !1!:.1 "~'..9.~":..! a e t 1 v 1 ty · 
Serv~nt k('eps ; n orCfi•r t1ote.l-room , 

_3:: · -~l_tJ.!.i.E;L~ ion of hfcrarchi<·_!~l.!,l_<!!?.~_t·pts 

Th~~ _seC-onrl ~ti'9(' of .-th~ viCw dl•sir¡n nlf.•thndolrújy­
·(lpc-ratcf.' up(m thl' cli-!rnt•rJtar·y ~t~nll•ncc!. tn.1t t.,lvt• 
bt<•n obiain('d isftcr N.ccutínq t.ht• fir-:.t ~tdc}t!, d1:~ 
~crih_t~dl,in lh-(.1 prcviou~ ~U!J-:.cct1on. lt•mcty tw div· 

.idcd· into t.M.L.!.trps: :... 

·(•) ted'1n~ .• th~· h1erarch1ec. of conc.,pts tt1H ú<• 
oxpl.itit ly dofincd',ond eliminotlnq involvcd 
rE<dundtHlCics' . ,- ' . 

(b) .det.Jct1~~ .hiddcn hierarch1t•• and climinatin~ · 
consc-qt,cnt r_cdundanc1cs. · 

~~p· cai_·. Ttl_';) .'tC'_St_ nf .th(! S(:numt1c cor"rr.ctnt1 ~~- ~f. 
iJ rP.Tatlon "11'-h.b'' con~.i:;t-:; of c;hl·C~:ln() U1.lt all 
thc relat ion o;. añ~l icd tO ttH~ ~.u¡H•rccmrnVt. 1: m~ y be 

·6pn1i(ld::ahn,tú tite c:on_ccpt~·a f li. Jr¡ a fom1a1 
~-)y: . ' 

· .. Ji :(P. 1 (i',b¡)J.l....!n!!!!.~f.'!.!_,V R;(A 1 .~ 1 ):r. 1 .E.R; · 

.. a"d ¡;E A1).'!..fl!I.(R1(!.¡ ,ii) ~.!""•lninoful, 

. ·,V· R1(A 1 ,li): R1 E R )JV o.~ 11, 

. t~e~ ~ 1l li ls correct 

· Th'-' proCl'cJUrt.;·e·liminatt>'i now l"('dunrtant relatlbns, 
Lt:; r~lc1tions .linkiniJ a conccpt t: to thc conccpt_ 

';· wlwre e i!'. !llso linkcd tu tht• conc.C'pt ~ witn ~n 
'('QUivalcnt n!latiun and i is a:subconccpt. of b., 
For- i_ns tarlCf!: . · · 

~~ [mployr.'r 1• person 
·- l.•mr.olovec,·-·per:,(HI ha<;,; r1an1C namt' 

' . --
emp 1 oyee 1 s ·pcrson 
pt'rson h,,-~ na me na me 

. ·· 
Q.A:!:'LF. ·z · Pr•"nn !!,0,-:_ .d.<:P.•r.t:''.':!!! deportment 

. -~ employN' 1', P<·r-:;on 
· ' : employrc- Würks in drpllrtment · 

•. -~--- . 
person !!_a.'0-~P~'-!:~!!1:.nt departrnent 

_,. cmp 1 o y ce _!2. p~rs~n · 

--"'-. C-~·~------~ _.:..._~-~· ~· --·-· ~-_:__:_ ---~-

·' ,. 

......... ~ ....... "'"' . . ,,. :·· ·., ... 

. .. '•. 

. . '' 
, ·~· 

se *'u 

., 

:'' 

[xamples 11and 2 :corresoond to diffr-,..ent otJcrationS· 
wn1Ch may ?ccur in th(' rnodcll in!) process. _ ,: 

Jn the f1r~t situation, whc,..~~ tn~ ~u:,(·rconcOPt•·ii. 
and "t leaist one of hi5 !.'uhconcc~lt:. ~-are oh·!H"rit 
in a~:oamt? relation. no intr.·ractiun i~ nE'cessary¡ 

'· '• 

the ~pcration to. br. pt<rfói:!ned may t,('· exore~scd ás: 

V r- 1(A
1
¡;1·) : ~~ e R ond ¡; ~ / .. tnen A. • A .. ·• A 

-- , ~--· t t . 

In th•.· scc:·~nd :ituation synonymi~~ \-dthin, the-- -~·e ... ¡ 
1at1ons Rr,E R must oc dctcctcd';: tnis imp11its .the 

deteCtion Óf the ~t>'n1antic: equiva·lc•ncc.: bt>twcen r:e­
lt'1t1cm~ •• that c.an· L(' ohtainr!d only tnrougt1 inierac­
tive:request~ toa nurn;,sn o~eratór. lt h clear •.t.haf 
the synonym1r!J- analyo:>ls·;~ unpracticable,Over ine\ 1

' 

whole ~ct P. or··n?lation~ in lanJf: o.lta bd~e~., as 
the Conudcxi ty of thf! analysi~ i~ llU•1dra.t ic wi th 
the n'umbCr ot rclation~ ;. Tnt• a JQOri tnm ti•(~rcflJre 
limiis thi':. analy~i~. to t11c ':.Ct-01 ndatlon~. llrl~dnq ._-. 
a concept and t.t1c·-corresponding ·superc.oncr.pt tr;· a 
qeneric comrñcJiJ conC!~pt. :-1ost !'.ynonvrait::. ·ar~; i11 ·this 
Way dt·tr•ctcd wi th. 1 ir.dt<'d _ef fort(. h'i.r.n. a ~Y!'l<myrny. 
1-:. ~i ~r.ovf~rcd ,"wc as~;ign a·. _common M:ni- _to {¡r"Jth lhl' 
involvt•d rcl.ltion!:o, dnd rt'dund.:wc.:.ir!o:. are furuwrly 
elimiMt(!d. In a form.ll·· we~,V: · -. ·• · 

,• _, 

. ,v;k1(A 1,b1), Rj(Aj,bj) ; (, 
1 • ,.,.·, 

(~ 1 ~ k.~nd RJ{ R) ~nd (ii O·j .Uid ,¡;E:-/ •. ) 1 ·-· '', ],'.• 

and (~ 1 f bj) !.'!.!! (scm.,n_;,jJO~i!!'2!!.2·(Rj.)·~ 
. ' ~ ~- . . ' 

semant1c ·"'"''ning (~¡)) ··.r·: .. 
tn•~.~~\ (I~J>.; !'.!!;,o. (R1): .V·' ftj ._.¡, 

. if ~j • ~ l!.''!.cc. ··.~'ll<:t.!·.- (1~.1) 

Th~ f.1nb1 oprrat1on oerforrnt:d in -~tC;l.ü) :fOr C'~'ch 
r~lat-iun ,.,. .i~. li'' cono;i!;tS o1 tran~.t'c.-rHJf: to r<iit·w 
SUilf•rcon((•Pt- L', wh(•rr· ::: ~ 1). (>quivalf>nt rt>l.lli.Ori~ 
lin~dnq two pr more ccmce:~t!'. a· E- }1.' to a common ~-_; .. 
c'oncopt. . ;. · · · · 

This OPC'r'ation lcads toe 'thó cr_c,,·(j.~n 'of' hicril'r¿t~1c:::. 
of ·concepts\ it may be ·ronnalizcd:·as follo,;,::' ;·~· 

· .. ·· 
·-.. 

(b1 •,'.bj) a~d (ak·f.A 1 and iil ~h) arod ,., 
... 

(•emont1c meaninq_{R;) •.J~ntic m,;,,ni~¡¡. (f:j)) 

'-·<~,. ~ ,!-ll_C.!.!_ E!l~ Ri-' Rj t·,. 
' . 

" ~tE. R1 (o', h>• " 
1f (li';/ii) thon 1crratc'· !i' 

. -----. 
··-:~.ik~,i1 .;S._b·;. 

,.¡¡ • ~,·:Ca., ai r .' .. 
·- 1 ' .• 

We will ('x'plain thc.l'Ssence of th;s operatlon-·r<?fcr 
ring to the- cxample !;hown i,n fig.' 2.. · ·, -~ 

~ivcu th" situatia'n d('pi_cted-in.fig. 2(a)/which··-: 
corrc~ponds- to thc sct' ·of ;12'nt{•;¡c'es R, \-1(' can 's-ce· 

· t~at rCliltion R~ is cxtc.ndt .. d to dll thi:.> suttcOncerits 
. , 

.;·~_. . . 

·,• 

~--~-·---~--·-------~---·----------
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...... ··~·· 
C1f t'li sínc!l t),ls_,tnt• unían con-ccpt of l!1,_a2. a3, ·•· 
tnen ~"'chtlo_n R2. c11n· úe:.extC'nded to b and remoYc( · 
from al, .~z.~aJ.~ · 
ReLH1on.:_R3 C.nn~ittut(\S a quite different case,. as:; 
lt·,wes ·not 1nsH_t_U\Ion ·a-11 t•ntHic:.> of the super,· :¡­
corc~pt r;,.:b'ul H>affectS: onl.v·concept~ al and az:·. 
1 t .:;s thrn. n{·ccs ~ary to joi n thCsl• concepts in_to:: 
(lne .;oncep-1 ti' ;:tt"'· wtlict( relation· R3 _I'IIUSt be ap· :: 
plitsd, r.~;n¡;lvin!l. H trom ·al nnd a2. In fig. 2{b) ; 

· the t(o~ulü. of ihis anitlysis are shuwn. toqcthcr.' 
, with the/~ct· R:-. of sentences so gerwrated. 

·L 
. ?J.r:~_J.~f .. ~ lhP -~:~arC:h of _hiddC'fl hi('rarchÚ.,os mast now 
'l,r··p¡•do"M~d• it·,seem~.- reilc.onahlc to lim1t thc anal· 
y~h to-;thc S~ U~ a·f COnCC'pt~ of each re·l~tion, ·as' 
;thl'! :oroc~:s'- of .(¡ra:uping r"1;1Uons with thc same·~· 
lllL'I'nintJ mg .,1 l"l!l)_dy tacen prrformed in thc first.d 
f,tdge of·).the m~tnodo\ogy.,' · ' • 
f-ot· \111 .t:'tu~ r·~-iatiOn!> wh~Se !t:ct of conc:Cnts A:1i:' 
~toñ:.titUt,~d ny·mor(' th.1'} one elcoment, woo must dEf• 
ti-ir: a s:úp.!•r(or,(.E-JH ti'- ·cauivalcnt to A. ·Jf li• ;.,¡-.. 

'pi·c-~«:nt~ __ :._~ru! !.JI~~ concept of an ai E A~i.e. ai :.;10•, 

f'··"'l'n .. 3·h'1cf·<l_rchy .. h· discovcred, and w1thout intro· 
': c.luc 1 i1{t a!l·Y nCw · ·conccpt, ,_.wc· can dcfi ne the ncw· ré .. 

lt\U on: );;.- · · 
. ,:·-.~ 

., •. ·· ··: A-(~1 i,!!'a 1 
.Dt~.erWiSé _wc· .. Wilt ha ve:·· 
.,·_, ... ·A._I_·s.li.' . 

:, '' . ; ' . ~-
' .. ¡' • ' 

.. -tñ.'.a fo~•d ~iay:", -:·. 

·,¡:: ~ Rl_/.:, ,bi') :' R1 f·R, 
... ·• ·:': . . , \ 

·:.·;.!·.''!:!!·-~..:.. (/·; _:: •1i ~ñd 
' :. ~ . . 

•', ., 
.-,, 

·.. ,·• 
_t_'_'~·~. !-!.!'l. t ~· .. -~~~A i · (a i :• .L! B i'" 

,t;. 
. l 

.·\. 
. ' 

' ,. 

'.l ,., 

,; 

·Th~ po~I·{~IHty' that b' .. l< o subconcopt of ti; whcre 
~- i ~ <1· !>Unerconr.f•pt of :·a <lerH~ri e a· E: A, mu~a be 

· teslP.d.···ÍJ fH.'i.s.ihle, tne rl'.!lation "i)• h };" must be 
·ins,:rtc'd, ... .-hi lc.·thc relat1on "a i!.> 0" müst be d·e-
·letod. · -

HH: ('liniiMtion of r~duivJ,1nCi(l~. tnvnlvl'd 1n the · 
~'..'tl!ctéd h if'rarcnie", can he obt•1ÍnP.d throuq~ the 
C•pt:ration:; alrP.acty dr:!:.cr.itJcd for ~ten (a). 

ihi~ preces~. i!:. $hown in fig .. 3. Starting from · 
F' !g. 3a_, w'~ ancllyzc rclation ·R2, whicn· involves 
coo;copl' •< ·,,nd a3: thn concept. o' (sce fi~. 3b) 
.ri!PreSc:lntl:~ th_e union of conccpt~ a2 and a3 an~ 1t 
1$·~quivalcnt neithcr to az nor to a3. 

Fin. 3c shows how the hlerarchy 1s transformod 1f 
~111~ informdtton that 11'6' _i.! E .. h. interact1vcly ob-

, ulned. 

rcproc.ontatl_o~ · 

A prel.lnlnary test Must he pcrformed upon thc hler· 
· arct.lc~ befare startlng, the· proceso of derlvlng the 
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.. . .• \-.·o e_,. 
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·.~ 

.. ·, 
.... --...~ 

•'. 

. ' 
· .... 

&· .• •l.!! b 
.-,, •. 2 !.!·.~· ~-> 
C Rt e1 .. :,, _\ 

¡. ll e:r ~:: 
;· ~ c:J 

-i_,•• 

., '!i ct .,.. • · ., 

"" ~ . .f: al.~ e ·~· '·.>:. _ . ~· 
• >',1. 

·: '· • 1 ;.~· ·! !: 

',!:-'i. 

- ~ 'l 

:w~oro. for lnstancc: 
¡¡ : pcrson . 

¡;' ' mana9cr 

al: H.m~r • .;. 
a2: jr.MJr.~: 

el 
c2 
cJ 
c4 

namc r 

odrlress 
project. 
dr~p\:lrtmcnt 

RZ.': has addréss.'' 
R'J.: ls;-chlef of 
R4: : m>nagcs 

a3:: efnploye~l .. c5 :: Cmpl oyc~_:.n 
; . ~ R5' : h~s :~mplo.Yc'c~n 

' . '>· 
r;q, 2 .~ trcotion of h,leorr.h.ies of concepts· ·_· 

·: '. 
c•nonlcal fórm . 
llomo~t.:nl' 1ty . be twccn conc('ot ~ bt> l O~g; ng ito: 'tlie same . 
hirrarcny or: contcpl~ must be r.hecked. ·:;upposc tha:t 
thc following St't of S(:ntcnccs is. ·g~ven : . ,· 1 

~ l 

In th1~. ca :te. whi h· cmPloyee numbcr m¡jy he synthe­
r.i7Ni-throuoh a numb~r, man'aqer c~nnot be mapped to 
MI alphc'lnufflc'r1c !.t.rinq. A~ thcy ·are not homogcneous, 
wc mu~t divide the. ~of1ccpt C'mplny~!' numb~r 1nto .two 
conc~pt!., thr! firo;t corrcspondln~ to thc ab~tract 
cnncr!fl~ PmrloyPC', 1.1nd th(• second'cnrre~pOnding to·· 
ttw nuinher of the . emi' 1 oyee, a rld rc-1 a te then theSe 
conccvts through a relation. 1he,result of tnis, 
opcrat1on 1~: · 

cmploycc, manager .1!, person 
emPloyee hcls numbeTempl?yee·n 

Rofcrrln9 to thc propertics of domain' and types.· 
di!'.cusscd ill. scction 2.2, the hierarchics of con­
c~pts muo;t ·al so be analyzCd in order to detcct 

. type·domain.or domain-domain dependencies. 

ton~1der the_ following exomples: 

( 1 ) 

(2) 
(3) 

mal e.,!! person 
m•noger 1,_person 

' - . 
senior monager.!! manage~· 

. ·:· 

.. ': .. 

. '' 

. ' . ' 

/ :., 

1 ••• 

,, 

'·'. 

¡, ';-

f 

··) 



.•• ~. 1 

'. 
,_,·. . : -._\·~ ··:. :·· ,:_= 

•, ., . • ¿., ~ . _. . 
\ ·. ' .. ·:. 

. 

lb'· .u¡¡, 

whcre, . for. instancc_:: 

·:•, 

' ' ' 

.• ,, •2 !!!b 
., ,, c-i . 

62,-:l !!1'~1 
•l· &· .!!.1 '!'2 

., • r.• .!..!: t· 

.,, 111) .!..! ¡;. 

.-1 ,., ct 

rJ. !!1 c-:r 
,. !!J. t") 

•' 

el 

G :·.·~·cr:~on el :· cmrloyce·n 

6 •: man~ger. 
al: c~ployec.' 

cZ : :project 

cJ : n~mc 

Rt ·: has' empluyec·n 

R2': ts chtef of 

RJ··: I1H neme 
a2: .sr';. mgr. 

. a3: Jr. mgr. 

' " ftg. 3 
' 

Researclo of hiddcn htcrarchies and further 
elf'!ifn:ttbn of rcUundJnc:lcs -1:. 

··hn·d:assumc that 

·nOt 1111 par~nn~, Dre m11lP.s 
ea eh pcrson m.¡ y_ heC.<liiiC manllqer 
ea'~h man'a_(Jt!r nwy hccorne- senior. m\H!Jger· 

According to thc prev.i ous dcf in; ti on5 we -dedÜcc th.lt 
pcrson Mtd m.l)C Jrr, _t}'pf'!c;, (Whf'rt• typC' mal~ C typc ·. 

· perso'n), whflc thP. conc('pts mJnd(lC'r and sl."nior ma-. 
na9cr rnu~t he cow •. iderr>d dor.tain:. of persa~. becauSe 
thcy0in.1y include llny_entity 'of p~r~on·. 

S~nce·~_in the~ prr.vious cxt1mplcs th(l ·vertMl construct 
fs rCprc!:ents .·thrt•c _di ffl·t·~nt facts ,: 1 t i~ crirrcct .­
to·dtstinguish' thcm as follows: · · 

p:¡' maJe .is sutJtype of person 

(Z).man<Íger 1s dom•in'or per~on 

(:q~- Scni~r· m~;:~_s_~:~_9~~~i milnd9Cr 

The f.frst oxamplr. rcprr.,ents a tyrc-type (T-T) d<•pen 
· dency; the second a typl•~dom,,in {T-0) deot•ndcncy, 

Md thc thit-d a domJin-domdin. (0-0) dt•fu:ndcncy. 

Wc can givc .a formal rule for the classlficution of_ 
drp('ndC'!nC ic'i · : . . ., 

!· .. ,i 

1· 
----~--------·~----- ---·-~ __ _L ___ ,_ -~--

8
. 
_.: 

·Gtven the sentenc~ 
o. ·: e 1 s t · a- b 

'. ' 

' '"'· . _M!!J pt 

< ' 

,, .... . ' 

;, 
.,_ :· 

let Sa(St,) ·be the s.et of a.ll sentenci'eS or tne ,, 
concept c. ( cb l :. .. . . . i: 
.u s, e sb 

J.h•n o ts • T·T derendericy 

. ci. ( COIMIOnt : s. = sti·:':· 
' " .!! (Cb has not superconcopts or ;5· reloted 

to. them via T · T dcpondcncyi,~: .. 
~ u ts a T·D ~;péndenc.y '· '.' 

· .. ehe(o is a 0-D 

corrwncnt: cb 

dcpendenc. y; 

~as a !l.upercon·cept and 

is related to 1t vi• a;' 

T·D or O· O dcpendcnty) )' -. '· 

All ·toncepts that are prc~cnt in· hi~rachics can . 
thcrto-rore be dcf1nt•d as tyPe5 .or don1<tins Uln;uuh 
the pn.•v1ous an~tly.,i~; tht·.r~r:Hi_r".in') conctpt::. · 
may riow ht• con~. idercd as ·tyfJl!'..., tit'taus~· tuey nuw ·· 

E 

poss~ss thc rcqu_ired' pronCr:til"~. : ,·, ·.. . 

All s.¿nl('ncer., ·that -·.1rr: ói;:taint~d thr'ou;h·:_fa;·n a-
n1pular.ion i1_nd intPr;.:~tt.1ve'._tcst1ng,-from 1th_l' or., 

'g_1na1_:._~ct R·of user~s ~l'n~enccs.·mc!y _now bt> ~-t·­
gllrded as t'dnary rclation::.'comp,;,tible wit~_ttH.• 
bas1c'modcl; scntl'nces li_nkin9. a t_ype T

1
·to a 

domaiti oz rcprc$C!nt only ~' 1 H1f;u{:;tt_c con~truct 

exprcs~in9 both ~he ~r!latJf?n ·hetwr..l'il r'i ·a~n,~ thc 

typc Corrcsoonding lo o., and the Co"i'lstrai,_n-ts on 
. .. --. 

thc projcction of any 1nstcfn'cc of thc relation . 

lhus a· luglcal sctu:m-la i~ otitaincd wh-·ich o'~.onr-. 
. h.lnd is corrcct with .. rc'ipt>ct to thc büSic·modr:l •. 

and on th(• otht'r hillld is cl'early ·df:.riv.cd fro:n the 
.·original' scntenccs of thc u~cr, ' .. .. • .. 

Thc ca'nontcal form is obtained in;.'this':third stag'e ', 
of tho mothodology. lhreo steps are' considercd: · 

(a} dof1nition of intornal.typcs .,· 

(b)· mintmal updató prooagati.on ana.lyst.s':,. 
" .• ' . . . !• 

.(c)·idcntifying. set definition ·•' 
' ' 1 . 

Thc fi'rst two stcps ar~ rep~~tcd 'for t'aCh"typc 
that h linkod to at lcast twu othcr tyrcs. A .. 

, typc T. 1 s t n.tendcd to be l. i nked to, a typc ;r 
1 

a 1 so. , 

when a supertypc of T: i s 1 inkcd to the typo · T 
1 

... 
The third. stcp is repeatcd'for each intcrna·-1 . -•·-
type; Tho•.data base.of Fig,::~ illustrates .'the .·c. 
preces.~. · .. i·-' }:-' .. :\·'":.' ,·: '.:j-1,; ·.-: 

~tepl!J .• Givcn ~ gcrihtc t;pe r', llnked. a't• lea.i.t . 
wo ;othcr: typ~s, the des igncr,. evJ-1 uatcs,.'i f ; · 1 

may be :an internal type~ i.e., if'it is no_t po~ 
siblc a mapping· of r· to alphanumcricaJ St_r.iitgs. 
If T cannot bl' an intcrnc1l· type>, it'must be s~lit_­
tl•d int.o twn _types T' and T", whcr~ T-' ·;s int('r•. 
n.ll.'and T" is t'Xtcrn,ll; u rclation R {T', T") 
mu:; t he in t rodUccd :· a nd the in va r i ánq• orooe:-ty 

·fs giv,c.n to T." with rcsn.•<t to_ T' ;. f_¡'n¡_1,:1.ly all: 

-- --- ---~--'-!..-----~'~-
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p,Od .. -:l 1'' ic• 
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' 

',:· 

·' 
t.·. 

•· .. 
' 

. . . 
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.• ·¡ ··! . 
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·' 
:··. '·"' 

,. 
·'0 h ... . .:. 
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feht'ion\; F<; (~).: i;;) iir"E' tran!,f~rmcd.'':(n n 1 {T'
1

~Tif •. 
lhrs!' opt'rcltioni· tlavc.")H!rn fl(:r'-tormtd :for instance ¡, 

on tn(' tYP'' ;.o,r~" o(.fiq. 4H~f'~ noü; that in the' 
fi11ur!· invari,lnt rxv•rn;Jl tyl'll'~· Jrt· 'c.hmot.cd thrüughi· 

1 

a dot ir1 thr.• middl•· of th,. corr'f'~tJorld·c~r.t node of 
the griiph, whilt' ;nt<:rrla 1 t)'D('!> o1rf! da::.hcd, ·, ' 

' =~: . -

-~-~-t:LL~J.·· Tnr J~¡,lysi~. CJf tht• mínima.~ :und.Hc propa-:· 
'JiltWn of r('latlor¡:, 1s now ·lH!rfornl(:d; all tht.> re la .. · 
t1o.ns R,_,departing frpm all 'lYP"'' 1jlinked to tne t' 

. t"yp<.> T, ljre considcrcd. .. 
Thls aMlysls 1~ avoidcd lf T l ·and ¡.be long to the.' •. : 
~aml• htcr"arc:hy,hü thé 0Pt.im.llt ~nac:l.tlon of··rcla:.. ~':.~· 
tion!i tri· thE sHu3tiun har.· alrcady .hi•r•n_ ohtalned· '".:~ 
Ín· a -prevHiu~ .~td~U' o·r thl; df!!>lc}n métnooolu~.f.y; The~: . .t¡'. 

dl:~il)nt•r mu~.t illtt•r'aCtivl·ly <·v:du.nr:, for ·c.lch.rc- ·: 
L1t1.on Rk' H\ (1, \) is.'bettor._',.according to;•_ 

-thr. mínimill urda u.· próral)tltion. critcr.ium, than the · 
cxistlng_ rel.Hion H~ (T 1 , 1~) .• lf t~l' cond1t1on 1s 

'verlficd, tnrn R
1
, (1

1
·, \) 'is súbstituted.hy,Rk(T,' 

\): oll rclatlons startlng from T, _must· be further• 

ly analyzcd. · 

Tho 'poc.s lbi 11 ty Clf supprcssl ng T 1 , H 1t shows· to 

bt> now unnccr.~~ai"y, i:1u·~t aho tJ(> llnalyz~d: this !l'la)' 
oc;cUr only 1f two rc~·ations d.t•pilrt fr<J~~>Ti linUng · . 

1 t tu l and tci a cwnP.r1c T •. I\T1 int.rrÚt1on With ·' 
thc rlc~.iqnl•r M•W lr~tld tcJ ttlf• crcati'on of a dirt:ct. 
lin~_hf•hJN•n l¡dnd 1'. r.upnre~.~in~ 1. rigurf:' 4c ; 
!.hn'w~ ~ucr1" ~nu~1tHm; in fac.t tht' iypc '1-code'. 
hcH llct.'n sunprc:!.scd. · ' · 

lt1~: abovr twr. step~. -arr dc~.cr1b<•d 1~· fíguret, '4b.~ 
4c and 4d tor tn~ 5Ub5~t of thu d&ta· ba~e th~t is 
(.>nClO'J('cl in il dottC'O c.ircle ir' rig .. 4fl, A non Ooti­
m.ll !,l•l;lurntf· r.~ ·.tvr>C!. 1 hil~. hN•r, pr.rforri1ed in Oi'der' 
to !..how ~.o~1 ttl'.' t'lni\l re~.ult.i:. imiÚ¡.¡c:nocnt 01 .the 
ordt>r Of CXf:CUtÍOfl nf thC analysi!,. .. 

: \·!hcn thcr.(! ~t~pr .. MvC tJN:O acCom'nlishr_.d for a-11 t~e .· 
po!.~iblc: tyN·~·,. tho:.· rr.·milining undC''nncd typr!,- must 

. be ancllyz¡:d; lht·_y are cJndidatc to.;"b<- f:·xú>rnal type~. 
hut thh nypotn(l•,ts mu!'.t be intcraC.tlVcly CCJnfirmCd. 
1 he rlPs \ gne,. · inu~ t a!~'' ·de e 1 a re thr: propcr ty of in:... 
variancc- for some of the e~t~rnal typf'o;,·, In Fi9. 4·e 
tnc t.vpc "f!n~ployrr.- .... n" h;,s !.uc.h pro(1crt.y, with re·.· .. 
spcct to ,th~J ·typc ".rmployee~. : .. 

-•, 

·i~".P.~.J.!'l· ihr• definittan· of tho ldcnttfying sets-
· mu!;t he finally rwrformed. ~le remer.lher that extcr; ... '. 

nal type~ are 5elf·idl'ntifying. while at least"orie 
id('ntif_ying sct mu~t bC' providcd for each interna.l 
typP.. lhf'! it1E•ntif1c.ation pr(lc.e::.s must avoid léiops:; 
i.e. chains of internal type~ where· no member- of 
the chain is at least lhdirectly ,1dcntif1ed by ex·.· 
terna 1 types. 

¡, _,,' 

Flg. 4 ··;Ocrivat!on·iif· tho canunical •·iprc>cntation. 

This re•ult m•y be ohtained intcractlvely looking 
for an idcntHying ·sct of an intcrnal type. only , . 
amon~ rf:htiOM linking it to rdther cxternal .. Or: . .-~ 
alroady idcntified lnternal typcs. Tne process 1!;,_· 
repcated untt.l no nrw idcntifying sets can be de· 
fined; if thi~ oroccdure términates and ~ome' inter· 
nal types hc1ve not bt~cn· idr.ntifi.cd, a lai:k of in· 
fonn!~tion is revealed and thr. dc~iqnci" is· r:::qui'rcd 

,to dcfin(:' ~t>W.extrrnal typ~~ and/Or new·:relation!.. 
·. 

. , . . -. 
.1.' 

. ·; 

-·--'•--------------·---~-
__ ......:, ______ . ___ ----~----- ------- ':· ---~ ------~-~----'--'---'-----'"'--· 
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' 
. 1\ n:oÚlÍCTION · · 
' . . . -~ 1· : ·: •: 

,• 

· .. ¡:,.r u(us ('IJUSidpr R. ~:c~ll-cn¡:,rincered product to_ bC 
· ... ,. \\ hidi is Sliu'ét um.lly_·sound; _which conlmunicatf's 

.. :,;;; il~-·~~i¡vinillOlCnt. in ~ pr<•dict.abln, wc.·l_l;JisciPI~ned 
· ;,, ,,.,,..¡ :'.Í~·hich hu.• beru t.liorou~hly t.rstrd ;··and which is 
·-·~.~:; . .!./·· :uul i!w .. ilv maint1;1.ihed. In any enginccring ficld, 
. ;;-,, .. '! ,,:,;¡r:,¡ piri.Iosophy,: d<•sii(H disciplin<,., ánd che~k­
"''' "'"'''"d" . which yield: such a produd are callcd 
: ·~:':· ,d ·;·:r_l~~i;u·~~riu¡J:·.ptactic;;~." Software .engi~tccri11g ia 
.:1,.· úppli<:uliim óf·good dlgiuecring-.practiéc to thc'dec 
· '"'·"· ""~'''''"'''!tntion und .. fiual chccknut of large pro-. 
:¡;,,.¡,.,, 'l'i,.; rcsült ·of cff&ctiv~ software .cngineci¡'Iug 
~~·~·!l:i.t ·Ir.~~: .. · ... · ... 

·:·.· . ,· . . ·: \; 

·n,:i; prod~ctlon. o( n.correct progrnm· '< ccrtiflabk•) 
:e·:. Y!•" 

1 
availability of mear!s of <:lliCicntly detcr­

·.' ,,¡,,¡"~ Uw_ .. corrcc_iness of a 'prograin (certifica-
r illh) 

',¡ 11 

';¡ r Th" uhility to modify a program so that reeerti-· 
fi_t::~_tion ís 'pOssibln.l·.. . . 

. "' .. ·. 
'r¡,,. ,.,:,,¡¡¡,lo organizc eomplcxiti~.S. m:l.~tcr multitude,. 

· -•· .. 1 , .. .,;,¡. ;_,,. hnstárd chnos liS effectively ... possiblc.'· · 
1 ¡:.,. ··t·o·r, unliké many type.q óf cugi ueers, thc 8oft-

... ..,,. ''ltl:in)'~r: l,ns hud fcm' tooJH, citlicr for imp1emefitD.. · 
.... '' "'"''fd)'.<is,·with which to accómplish bis tnsk.·· . 
. '.: ,,,. t;r lhn· problcms in opcrating systeÍils which 
'·' .,,, -1 d11i·ing th'" mid-sihirs e~n lln f.mc~ toan iu-· 
'·¡ ·~'·' ·•· ,.i.i·nforcc the ¡Jo.iign discipli,ics indicnted by 
·;·- '· 1 .''' 11'tn1'(·ring; practic;e . ..,, orto .dot<~rmino aftcr tho- · 

· "' '. 'l. :1. 1111•,\' had bceu · applicd. In HoJne cases thc · 
', "' · · '·l'l"'"r"'l ycurs aftc:l' tlic Hystcm wns in tho ·fir.ld, · 
'_
1
''':' r h···l implementa( ion J¡¡nguagrs for softwáre rc­

':•I•!H· rll:·~'!r -ttiv~nl·. cOdiu,{:crrors aitd deul:~rrcctivcl.Y ·' 
. -~ . . ~ ' ·' 

·--~ t 
-~- 1.\_,. "' _;\. ··\\·• \ . . . . ·. . . ' ' .. , :_,:· . . . .··. 
;:·.: •.•• l. ~.' .\/1 MUpported ,,,. pnrt hy u\(~ Ad\·:mccd Rcsen.rch . 
•·= , ... ' 1 ~·~·~ '"'Y!"{ tlw l>t~pn.rt.menL o( J)cf(:1Hh~ outrl wM rnoriitorcd 
,~·. j ~ ..... : ;: •• utrm~nt. oC Uu~ Army· undci- Coulmt.•t No. AMSEL-

. ··-·ti.AJ·:). · . · · . 

CCi7~0 [~ . ¡··.;:.;~:: -~bJ'i-1.' 
. y. o~~c:.:~:¿,\~,-.C:J{ ' ' . .. 

,. 
" 1 

.-_ ·' 
·: 

lo 

, with. the problcm. of. storage · alloci.tio~; however, i~cy 
do littlc in reducing thc major probi'em of complexity~ 
in ter-modulo communication, software/hárdware inter­

. fuce· contlicts, und mishandling of- real and appnJ.ent 
cimctirrcncy· _:- within th'e hardware/soft\varc system. 
This is more· obvious wlien one remembers that most 
hlrge élcsigri eiTorts are multiperson\' and.'thatsoftware 
modules 'und 'hardware d"signcd by· inany people niust 
communicnte·,propcrly at thé. many; interfaces. .. 
; ;'fhe hardware dcáigiler is s~méwhat better off since 
hÓ cnn' cnll u pon switching. algebras;'floiv ~able anaiysisi 
nnd register. transf cr languagcs'·' tq ·aid· hini· in the) de­
sign. Unfort.uhately, thcse tools areriot amcnnble to:thc 
dcsign .. and nnalysis of vcry largo systcms, and the.de­
sigJIC~ _soon l_earns · to modularize :his system ·and· to 

· apply his t.echniqucs to severa! modUles of ~anageable 
sizc .. It is at Üw interfaces of ·these modules though, 
that. problema equivalent to those iri soft.,~a~e'·~fise."· ... -

The net result of thi~ inabilit.y tÓ systctnatic~lly deal 
large sea! e conlplcxiiics hns becn the !até deJivery': of . 
cxpensivc nnd buggy' computer syst~;,.. This is noéto 
suggcst that thc severa! successful stnicturál approacl!es' 
to systcmntic operating system design'·7 are 'insignifi~ 
cant, but rnthcr that the difficulty .of eriforcing their 

.. ·. rcquiliite Rtructural ilnd conimunicntion disciplines be­
coineá vcry great a.q:thesize of thé)arget system in­

. . creases.; 
Hard1í·ar" engincers cncotintered this :problein ;of 

cornploxity vcry c~trly in tcrms'of irriplemcnt.ition,· ~d 
responded by devcloping computcr-aid~d dcsigÍt (CA:D) 

-systcms for logir. diagram production, package .pince-'. 
mcnt,.wi.re rouÚng nnd mMk gener:Üion, and'simu]ation 

.and test gcner11~ion.8 Mnny:othcr enginee~irig' disciplines 
havo also turnéd to the coinputer.to help déal \vitli'the 
complexities of. largo systcms.• ·It iS:ironic, however, 

. th&t the computcr, which hils grent añaiytic' cnpabili~.Y? · 
doesn't-oftcn forget detnils, ahd -can··enforcc 'structuraf 
.and communic~tions diseiplin.es by syiltactical'arialysis;:. 

. has.:. no!.; tn .date, becn ·applicd lo the conceptual· and 

. . détailcd design' of·eomj¡u~cr sy.tems. . ' . ' ' . . ' 
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Projcct. Í.OGOS w:is bcgunin 19GS.nt Case Westcrn 
. ·ucs.,rvc Uriivcrsity to (,xploit tlÍ~e cnpabilitics by ere·. 

n~ing. ti.~.computer-aidcd. deilign environmcnt for :both 
'' 'thc hardware luid 'software of largC-HCUlC computcr SyH~ 
·.· ten;.: Án jnt~gratcd hardw11re/•oftwnrc dP.sign systcrri 
· wn.~ c!Íóseri beeause misinatchrs•nt thnt particular ínter­
. :.fuco in· a comput~rsystcm ~re th~J 1nost costly'~ri<i' time­
. cori.su;nlng to corrcct .. Thc .goa.ls of LOGOS r.1p1 be 
. ;simply stntcd: thc crcntinn of a multi-designer·environ; 

meut in which computcr systcm dr."i¡;ners r.nn define n 
ay8telll' in !vhich a high,degrce of parnllclism or concur­
rcncy exista, yerify its logieul nnd functional consis-. 
tcncy, cvaluate its cxpéctcd pcrformnhcc befare iinpb­
montation, ·and finnlly implcmcnt thc hard11'nre and 
gencrnt~: tlHi codc·· for: tliC softwnre .. Inhcrent iri un y 
CAD ·aystem is n philosophy of tnrget systcms struc­

. ture a.nd _an ilssociatr.d rcprrsentntion systcm which 
hotli · einbodic9. that philosophy .and. hns a. wdl-dcíincd 
synin:X·' li.nd. seinnnties:' It. would be lidpful hére to 

., 'briefl{describe both to sct thc stage for n dllicus.Sion of 
'Í-OUOS"contributions to thc software engincer .. 

\' , :·.s~ 
. .A.LAYE~EJ? 'VmW,OF S\]TE~I STRUGTURE 

'-~~ ,: . :·": .{;· : .. ·•'{',.• ~.- .. 

·. From'••a tl~br;s ·vicwpoint, a computer s.vstém pre- · 
:sents OÍi·•environmcnt·tÓ ench user whieh is chnrnctcr-. 

· :izcd -by:a·collcction or'~ervi~~ facilitics.i• Each ·racility · 
·.mny be nétivaicd nnd' dircctr.d nccording to " wcll­
'delilled':commúnicntioris discipline. Since users do not, 
in t~riiü~rRI,. nct- in coordinntion, thc Sysicm: facilities 
mwit cppé with.'rnultipÍe and nsynchronous rc~uests for 
sc'rvices. · · · - · 

Hesponsc to a rcquest nctivatc.s thc· facilit.y, nn in" 
s\:lllcc of il'hich we Hha.ll .,;,u a task; a.nd tlw mr.thod of 
hnndl.ing rnultiplc rcquesiH dcpcnds upon thc nuture of 
l.he fndlity. A :singlc-usrr facility would qucuc ••ll·1·c-. 
<;IWfJts' in cxccss of ouc, while a limited rrsourcc facility 
kUr.h aS a mngnetic tape contrnllrr with six tapé' drivcs 
would allo'w six conr.urrnnt act.ivu.tions befare qucueing 

.:·t:i¡nests .. 'on.'the other hnnd, a fÚlly reentrnnt software 
"proccdurc would havc no limit to its a.ctivatións al~ 
though exhnustion of8om,; other resou~cesúch ns corc 
nwniory wou]d.impose a Iimit cxtcrnally. 

llsur •. of fuui.litics vcry oftcn do not cnrc ~bnút how ll 
· f;~ . .,ility is implem~nted internally, but rut.hcr how it 
intor~cts witli its euvironment. This con.,ern with 'the 

· in;JU.t/outjJUt function of n facility is th·e ""xternal" or 
11 primiiivc" Vicw. Convcrscly, a user urid, in pnrticular, 
" dcsigncr may twcd to kno.w the detuils of implcmenln.­
tionns:wdl us. thc l/0 function of ¡\'facilit.y. This·is the 
"intr.rOuW 'vi<:w. · · . · 

A f~t.eiliti(•s approaci1 tO vicwing systcms imn1r.din.tcly 
v.ivcS fisc t'o· .a hierUrchi(~al Structure. !\fnny fa(:ilit.ic~s in 

,• . -· . (' 

•.' 

·'·. 
,, 

n system . providc · cssentially. idcntical srrv1ce" 1. 

cquivnlently, hnv~ identical subtnsks. 1'he.se · subt':c,k, 
could .be vjcwcd n:s instances of ·a.etivatiilli of separ:1t,. 
fn.cilitÍC'J~- ·~Jt_ared among those · rcquiring thc partie11 1Hr 
scrvic~s. The most primitivo sharcd subbc~ks in ",.,¡,. 
-war~ syste.m are the maéhine iristÍ"uctions. BY¡titd-•:in 11 1' 

token, however, thc ren.ding of a text file appcnr.< prii\1i­
tivc to ll compiler using the file system facility, altlwt;~l; 

'an int.r.rnal vimv of thc file systcm shows thÍlt thc r•·:"l 
file opcratian is quite complex aud üscs· olÍn;r sh:iJ1.,¡ 
facili tic• su eh a.• the tÜsk channcl. . . 

It is natmal, therefare, to structmc n Ryst."m a .. , :: 
partially ordcr<:d hicmrchy af byers, thc high<'.<L l:1.1'1·t· 
bcing the· interface with the system uscrs, and tlu; !•"··'· 
cst, thc system prin1itiVcs. A systcm primitivn:.ro·r :l 

softw~re system might be a machinc ltmgung" in<! nJ•··· 
tion 'or a: library subrouiiric, while a'harrlwnre pri;ni.t i ,.,: 
might be a NAND g<tte or IL fou~~bit MSí-'add<•r . .\ 
fncilit.y on n lower !ayer m ay be activated by a'ta.4k ,;¡" 
fncility exi.Üng on a bigher ]ayer. Its · t'asks may,· in · 
tur1i, lictivate facilities on stilllower' byern.' : .. · 

Bet.ween any t-'·o layers·, therc is an interface p;~rt i­
tio~ing' the system irito facilities bclo\v tlie iui<-rf:H·•· 
and tísers of those facilities abovc it. Uáers nbove pr1·-. · 

. . scút an imviroument: of service'. rec¡uests·. and :irrivlll 
rutes, whiie facilities below present 8.n 'en~ronnwJ.t' ,,¡ 

• • ,• ' - - ' - • • t -·· . ' 

scrvice available aud scrvice times. : · · ~·· · · . 
The nbility to "collapse" or :]ook nt a 'facility :ts 11 · 

primitivc SUggcsts t¡mt COt;ISiStcncy analysii bf a' fnl'iiity 
couJd. be done by exposing the in.terriálstr\tctur<•s, 1""'-

.. lyzing it, :collupsing it, and then. an~lyiing .i.\s' iiÚ<·ra•·· 
tions with its Cnvirónmcnt as a r}riffiitive.,-Tllis ix tlw . 

. only practicnl way of analyzing larg~· syst6ip~. 'i.nÜ t ¡,. 
· represcntation \vhich. a.ccompanies this philo•o¡Jhy al· 
lows just that. : . · · 

Implicd in nll of this is thc existen ce óf an i;itrrf:wiiit.,. 
. communiCntions ·diScipline fcrr both dt\ta. aml ¡:ont'roL 
Se~"rnl rilight b~ defined such ns Dijkstm's 1'-V di·· 

· ciplinn11 . or_ l\fulticM' mailbOx schcmc.12 :What is in1)'1 rr~ 
e tnnt. is that whichcver' 0·11,; is' eh osen, it m'ust be'enf<irn··l. 
. or· thtl laycred modél will break do"1i, and th~ an:dyt"' 

'·capability affordcd by this sclitÍme .,\·ill be lost.: .. 
. . A· facility in general consists .9Hour clcments: · . 

. (i) 

(ii) 

. . . ' ' 

RcsourcCs Of orie ·ar more typc~ whic.h 1p:t~·- ( .. · 

rcquired by thc ·racility subta.,ks. . . 
An. enclosing control which determitit•,<;' h:o···1 

upbn r'esourcc aviulahility,-if ~ subf:~"k ¡.;}¡c.JIIhll .. _" 

· o.ctivated or if the rcquost should lw <¡111'11 ''" ·•· 

dismisscd. - · ! . • 
' . • t 

(iii) A set of :ll¡sorithmc; dc~fmingthc :-;ubt:•~k~_.- ·"\'~'"' 
•" · · rithms are C!{llcd activities; ilist~ll-fP-'i oi- tt:.·:~ 

activatiorí are called proccsscs. . . . 

,._ ... 
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(iv) An intcrpretcr ,i-hich ncc~pts uscr dircctiv_cs and 
... _ ·dctert~_itiPs apprOpriatc .action . . ,. · 

,\ i:ícÜity rií,ed not have nll of thcsc elqments. A wholly 
,,;f!wurc fácility would not ha ve local·resourccs, whilc a 

· '"*Ji'nrrC alloCn.tor would cOntrol n rcsourr.e but ha ve uo 
n -

sct of ulgorillunR¡to b"- sclcctcu by n user. 
This philosophy of systcm structurc,can be applicd to 

both hardware and software. lt is coilsistrnt with the 
strudura.J approach to proving progmm correct-

·_ ll'...>S.•P·2,J4,i& · \\·hieh is to for~n the struct ure of thc pro~ 
¡.;r;,m t~xt_ (m' rc¡m·scntn\ion) to rorrclalc strongly · 
with thc' structure of !he uctual't:omputntion, thus ul­
lowiug ·onulysis of !he computntion by analyzing thc 

_ 'ln•clurc-of·the rcprescntation by stepwise decomposi­
tjo!l. 

THE LOGOS -REPRESENTATIOX SYSTI-:H 

, 'fhc central parto! any CAD systcm is its representa­
tion system ·_which consists of the design data bnse in 
which the -dcs~ription uf ti u! tnrgct syslem is accrucd, 

· the.extcrnal .repre,c•itation of this dcsig~- information, 
and the• trnnslators betwecn the cxtcrnril imd interna! 
form. Thc rcproscntatiori systcm; must satisfy severa] 
global constraints.-
. : l<'irst; 'the represenla.tion must be sufficicntly genera.! _ 

. ~o dr,;cribc nll intercsting nnd dcsirublc objects in the set 
.of :dcsign--objects, while nt the same time, it must be 
BnfficicnÜy spccific to nJ!o,;· nlgorithmic.consistency and 
rerformo.nce annlysis. Sccoml, thc int.,rnal rcprcscnfa­
tion must he dccompnsuble into cl~nwnts which mny 1)¡, 

. implcmcntcd dircctly. Finally i-hc desigri"r must be 
<mÍJfort11ble with' the cxterunl rcprcsc~tntion- nnd the 
ronstraints it pinces u pon bis frccdorri of expression. 

-Jn thc cusc of LOGOS, thc brget- ohj<"cts u re fncilitics,. 
which ca.n be.· dcscril"'d by.·n numbcr of algorithms in1-
plcn-icnt_cd in citber hardwan~, software, ór a rombin11.M 
ti en of both. Thcreforc, (he rcprcscntation- must be 
ouitableJor dcscribing both and .must yield thc tnrget 
syst.mn implcmcntation dircctly._ · · -

'!'he -reprcscntation iinist be consisten! with the· 
}dt:rnrdliCal, layered Vicw of s.Ystcm structurc. I t must; · 

_ tlH:refore, be dcclnrat-ivc in that it 111ust ex¡m,.S·both 
t lu, structure and function of t. he targct fucility to allow 
a.lgorithmic eonsistpncy nnd performurlcé nnalysis; It 
lllllsl. ullow th" dc$i¡:n to _be d<'~cribcd ili multiplc lcvds 
of nbstraction to ac<·ommot!nto the primitiv'c· nnd- in­
t,~rn:l} VÍ<~ws of fadlitiP~ rd¡uit·~~c.J· for sh•pwi:-;,: anri.lysis. 
'i'!Lis ft~atuh~ is e::-prdn.ily irnportnnt. to df'~i~JH!rS siricc 
tl·,¡·y t··~·.nd le} \r;¡ll·k '':1rúúhd'' in a.tksign futlwr than· in a·. 
·"',t·ii·tly f¡)¡Hitm1\- or h11t.tmn-u¡) malll!J~-¡.;·· ·' . 

·. 1-'iú:dl)',:~iiicl~ 1"nany of tod:t./~ ¡;•~lllJ-;·~11<'1' :-;~·,.;f.r_•Jl\.'3 .'l.nd 
' .,·,. 

. . ·:~- ,· ... 
_....:......_ -- __________ :..._·,_,__,~~__:_ ..:_ ____ ......:.._:.......___ __ ------- --. 
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Figure 1-J<;xD.mple of ari activitY.:: 
. . . ?!~, .. . 

tí. ose proposcd for the n'ext gcncration co~tain' papllcl 
¡m;ccssing capahilitics, the reprcscntation must allow 
thc spccification o! parallclism 'or concurrcncy in' a­
ll:l(Urnl wny and be capable of analyiing its effect on 
crm"sistenc)~·und performance~ · 

1 ,OGOS e hose o. graph-thcorctic systcm of rcprcsc•iti•' 
- tion which satisfies. thc abovc constraints. The system -
· is a synthesis and cxtcnsion ·uf valuablc work done by 
Petri," Karp and Millcr,17 Holt-, 18 Lur•oni,19 'ánd Óthers. 
'fh,, cxtcnsions wcrc rcquircd hccause -( 1) LOGOS : 
dcals wil h vcry largc systcms and must locali~e analyses, 
(2) lit tic work had bcc-ndonn in llie rcpresentation·and 
nnnlysis of dat:. structurcs_ in gráph models, 'and· (3)' 
b<•c>tuse LOGOS must actunlly implcmcnt rather than 
mcrdy analyzc thc targct nlgorithms or sysie~s.' 

A complete trcatment of thc reprcscntation rriay .be 
found in Hcfcrcnccs20 and 21. Bricfly, the rcpreocnta­
tion of :.n ulgorithm consists of a pair of directcd graphs. 

-Thc data grapl1 (DG) defines thc algorithm data s\ruc­
, tures and the transformutions upún thcm,· whilc thé aS~ 
"!"ia_~,cd control graph (CG) ,SC\JUCnccs thc ti~nsfcirma­
tit"lns ~t.nd· define·.~ t.lw contrill í1o\',~. Thc schcmn . .forme~ 

- by ,¡ CG-DG pair is callcd iu• activit.y and. will be, sccn 

. ' 

- '' 
:· ._.. 

.. , ';:' ______ .........:.__.:.......:.._ _________ .:·--··------~-----'------~.....:...-~ 
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··· ·' to· bP. the !-it'il.t i~~"· i!'mpl_:tll! of i\ ·t a~lc figure 1 is on ex~· 
nmple of n.il·ndivity. 

'l'h·c· CÓ .cOnHis'tS of two :nf)dc~ typp'~: tbe '!'t¡UarP~ t\l'O 

coni.rol vnrit\bl¡;s Or c~cellK, :u.u.l tlw rer"naininJ:i n1~dc·s ~re 
cniltr.:1l !JpC'ríit'rÚ·s. Cdls mu:-;t be· eo'mu~cv.;d only, t<? 
úperators bY .cliréctc~d .nrc:s ancl vice VC'rsu .. ThPrc nrC . 

· si~Vt!ral _typc:s of. _control· upcptl•l'S a~ dt>nol.cd by th~ 
difT<'l'fmt ~llnpr·S.: in Figul'e l. En eh typc~ of control 
opcratúr httS nn nssneiatPil cnahling ur· trnn:-~fc·r fUnc~ 
tion .dciirwd ';,n· it's .input :urd output ,:_e,:lls. 

Tiu: · !)(; conHist,s of c<:lls (squarc•s) which r<:prescnt. 
· thc 'inf;~;·~riation st.ructures of the activit.y, u111l tlut.fi 

· .. · opt~rlitcm; whic:h perforin th(~ transformatiou \.ipon tlwni 
( c\g.,· Add •. ·J\Iüv·c~, I nl qJ;rafl~,: de·.). Ea eh cln tU: opc:rutor 

. i:.; nss•wi:d.ed'-.witlt n unique ccllltrol ~~H~J·at.or whieh dc~­
t.prrr:iiH'~'< wl~i'Í1 tlw dnta t.rnril'iformation lltay tn~c~ phwc; 
'rhl' iuit int·i;Jn of n ·c:ont rol o¡H:rut.ol' _iltiÚutcs tlw n:-;.:. 
:.-oc:ihtt:d dn~t~ oiwnitor whidt tlu·n r'en_U:.; it.-; input CPII~ 
tduti_r·:~lr\i'dcüc:-;), ·pc~rforn_H~. t)H: dat.a funr..tion, nnd 
w/itcc ihc ,:r.Súlt:-; into its ou(put l'dls. U pon. writing, th~ 
dat1~' üpH·n.t.Or'cc•mrrimlicatc!S tf, the· éontrol· tJperat.!Jr 
that it ha."' :termiltntPU, urül-'ihc C()ntrol (Jpcrri.tor termir. 
mttPs· h)·· aú\;J'ih~N. its <:-('dh.: .. nppropriatdy. · . . 

Tln{ fiow tif eoútml iu thc. CG iH ddermirwd by t.bc 
vn!iil'.~ 'in ÚtC •c:.:c;·,úh~ :UIIil t i\C\ 11at uri~ ·or t l11~· c·Úpc:rators 
Ú1 \\·l..lich: t hCv ~are:;· ~~ollll<'t:tt·~i'.- Tl1e C~lpel·utors nrl'~ Üe­
fim:d ~ii (llfit.::l.syn~:h~onous ~~~: :..ynrhn~nou~ C!ontrol aúd 
data· flnw cú.ir•h<·· rt·prr~eutr.d. Tlw atomic nrJirst lc·vcl 
{'!HIIl:'ll'ilJH~fnicíi·s; nre 1-'illl\\'n' in Figun_: 2 tog<_:ther with 
tiH•ii tr:ti,;:.;ft:"i· fuhi~·tif111.~ ín Vt'(~tor forn1. . · 

Tiw AND ·¡;{lt·i·:~t.or_ of (·'igm·u 2 is u~cd to rPI-IYI~t~hro-. 
11ize J>:·:i·:dld ct~li_tfo_J.p~;tlú~ und f\lllctir!lli-i nnulogously ti) 
an. J\ N l'.l'gti.tc~ iil hnrd wnr(\ Thc OH o¡H~I':lii.JI' i.~ ·u.sym­
metrie i~1 ul'ut' if h0th of it.s· inPut c·et·lls t•.cmtn.in. J!s, 
tlu;· .initiat.ión of tl~e· opr.r~¡t~T J)r~sri'n•s thc l in thc 
s.Ccond 1:-t'dl. lt will t ht·n rdllitiate a . ..; Ho<Hl ·as pol')sihlc. 
T}¡j¡.; ·'~·wH~<·fvation;, of l ':; i.s n·qJÚJ'(•d tu lmmrc tldt~r­
ffii!ta~·.y, a prntwrt.y ,of <~O,·H·Ü~kut :-;y:-:t.PillH with eoneur-

. r<•ucy,ll'hi;:h \1ill be di.<cu:<,.:.,d laf<:r. 'l'l"' 01!. o¡wrntor iS 
analo~;!:t~IIFI to t_lll· OH g:d e iu ~~11 ot ll<'r wn~·s. 

Th~~- l~HEJY o¡wra!tJI' i~ tlw intel'flH'n Ln~twe<:n data 
vnhú·~· :tl!U tlif_~· eontrol How in tlw en. It i~ tt d:tta de­
fl~llih~Jil. ('(mtrol brunclt wluJSI' us~oc:iat1·d data operntor 
pnrf,_u·;n~ ~~ tPst ~m its input d~cPII:::; Tlu! rcsult of this 
ll•st. ~OTHlitiuw; 1hc brandi· in 1.111~ enntTol:·. · 

Th,, i>lockhmd (1\H) nud llloc:k<,.HI (BE). o¡><,mtm·s 
nre pnin·d to,~~~·litWitt«• :111 :uit.ivity and forrn tlw enr:lo!-1-
iug t.:ontrol for the fneilit.y tu."'k hcing l:t'prescnted. Th.e 
control nl¡i;9rithms. muHt. perform tlw fol!oil·ing func-
tioils : ' .... 

(i) :trbitratc 'acc<'sH !o tlw fueilitv 
(ii) provide a cimtmuniration··di.~ciplirw bCtw~cn tlw 

. ~aeility aud it.H wú_,; .. <.t · · • • ·' • · • 
.. . . ' 

. ·.. . ' l 
· .. .: 

'··. ¡·.,_ 
' . •. -----------

. ~;¡'~·~ .• ;,. ·--· ----·--·-·· -'----"------·----~----
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. (iii) define t. he numhcr óf concurrcnt uscrs whieh mny 
·b~ servcd·by !he facility. · 

. ' 

TilC BH/l!E pair drscribcd ih Figure 2 actas a PN · 
· pair. Thc arbitration nlgorithn\ shown .is a fixed lcft-to-· . 

right prinrit.v, liut round-rohin und other disciplines .. 
. lravc b<:"n in;plc.mentcd abo. The BH and BE commuÍü- · 

cate prirnarily viu thc. f<:rdi.mck c-crll,. which initially · 
contú.ins,· if it · is prr.Rtmt., thc numbCr of .. coticurrent ~ . 
activ.ations p<;s~iblc. ·AU control flow i~ rcstrictcd · to·" · 
,;ntcr and lc:nv" tlw. activity via thc BH/BE pair with: 
the except.inn of nCsted RUbroutines or proccdui'(! calls ·. 
(i.e., c:alls upon iwtivitics ón thc same !ayer of thc sys­
tem y which lli'C controllcd by Cnll/Ítetlml op,:r~tor 
pairs cow;Jructed from a corllmon control primit_ivc: ·. · 

Til('se .c:ouln)l opera.tors may al! be cÜ'n~tructcd· from­
U common primiÜve control OJ;Prator whosc defi'nition is.-. 
logie!tlly complete. This primitivc opera!or Ína.v"· be 
n·alizc:d din·c'tly iri hurd,varc, but for.thc .pm:poscs of 
thc soft;,·are rirgin(•cr, it is suflicient lo statc thnt ot.hcr, 
higi.cr-lcvel control operators may be constrüctcd from:, 
thc primi!iví's und pluced in ·a inacrolibrary. · .·· ' · · · 

Thc act.ivity of Figure 1 is'shown .iiÍ ~'igu.re 3 •\i·ith 
interpr<:tations ·p!accd upon thc ·datú stfucturcs· ·anil· 

. data Op<'r'ators of.Úrc DG (these are lnfor.,.;~¡. inti>rpr'e~. 
tationH; a forr'nal syntax will ·be introdurcd latrir).~ TÍic 
activit.y .is thc rcprescntation of 'nn ALGOL 60 FOR · 

· st:ücment. with n pnrullel DO (statemcnt) part.' WIÍén · 
i.he tnsk is activat<:d, thc stcpping varinbl<: is·iliitinlizcd 
to · 5, IIIHI the loop hcad is pusscd. N' otc that therc is no 
data opcrator nssociatcd with · thc. loophcnd. O R.' Ü 
th~ pr<·dicatc' is' false, the pnrullcl DO (itaterncitt) is 
cxceuted whieh nllo\,~s thc scquencc of da tu functiÓns .. 

1
1 

•! ·to bc'timr indcprndcnt.of h. Thc'.threilds are re-· 
sync!hro'ni~wd n.t -i whosc data operator ~ses' comri10n re-· 
Rults. n is dcel'cmented and thc loop is rc-cntcrcd. Thus 
wc havc represcntcd: 

l'Üii N',; 5'Stcp·:.. 1 unt.il 0 DO (stutcmcnt) · 

Tlw l in t.IH' fccdbnr:k c-<·eÚ indicates thnt·thc acti~ity· 
may he iuilintCd only onc:c~· bcf~r~ terminuting. · 
. The m·st ing·of activitieH on n !ayer allows thC'imposi­
tion of nn ALGOL-Iike hloek strueturc·'upon thc rc.prc­
scntnt.ioh. lf the activity in Figure .3 · .wcrc- in n. block 

· · st.ruclm'e<l <.·nvironmcnt., data 'cells A,.Ji, an<l .C might 
be global to thc bloek whilc. n, m, p, .5> nml r ure local. 

Thu~, a coiJn.p:-~eU ur primitiye vicw'of thc act.iVity'is 
that of n BingJc·conlroJ-datu operutor pair as Sh0\1'11 iú 
Figure 4. For most ty¡><'s of unnlyRis l"'.rformcd . by 
LOG 08, t he local structure of un ncti vity is :m11lyzcd in 
its inlt~l'llal or .cxpandc:tl form, ·aml th~ ac:tivity is t!tcp 
colh'tpscd .. All fÚ.rthN intc·rnd-ion::; w_ith its global cn­
·vircmn.l_t~Í~t. are· ~n~l);zed Ífl t.he collapxed ior_irt: ln thís .. 

·' ---·-----....:......- ·---------· ___ _:'.. _______ , ---~C--· -·-
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;,.;¡y· !he :,.nnlysi.s of ·n software ( or hardwnrÓ) syst~m 
:cnn Le _rarried out in a stcpwiSe, computationallv eHi-
'Cicnt'mahnc;, · · 

. ·:· ''l'l1~ ._-imppsition of .nn ALGOL cnvirofinwnt is op­
,. f.ionh.l¡_.Of. ~(,úr~-;e, nnd docs not nfft:d thC rcpre.·wntat.ion 
itsc!L To do·,¿ doc' irnply t.Jw cxist<'ncri of an A f. GOL­

. !ikc·r·un tirúe énvironnvmt laycr wbich _impiPnu~n 1¡;.¡ tiH~ 
rmr..(~~~:u·y storagc nlloeation und othnr sern:u;tics. ·A 
cuctus sttwk is rr:r,uired to· keep track of tite concur-
·rcutly, nr.tivo. iuid e.xccuting tnsks. . 

Tite rcprcscntution may be gcnornlizcd to nllow con­
. troJ vnl-in.blc eont~nts tO be non-rwgative intC't~c~rM with 
· thc control oporutor d<fmitÍóus changcd to allow dcrn·­

nwnting. of input. c-cells und iúrrcmenting of oulput. c­
cclls by. grc.al.<:r thtlll onc. Tlw cm"t.mint th:il. output' 
ce!L~ lm O bófore init.iation of t.hc etJÍJt.ml opr:ratn¡· is ro-· 
moved,· ahd thc~ init iat ion· un((t(!fmin:.ttion of control 
rnd aitta';o¡u)mtm·s are madc distinet. to nllow multiplc 
iu;tiatiótú; 'of clat.a operator~ hcfóre t~:rminatiou of prc--

. · · ci>ding O.ctiVatious ns n~sourct':-í allow. 'Thi~ ·gf:nernliza­
tiou is usCful·i_u dc~aihiug l1ighcr.lcve1 softwnro pro-
C<'sseS·arid :hnrd\\·arc sucl1 us pipdine svstems. · 
· Thus · filr, ouly nu ALGOL-t.ype leve! structurc has 

bcd> éiigg~stcil. Wherc docs layering en ter the pictu.¡·e? 
ThC Corú_~cpt:C"i·J:1yr.r~ cnterf.;_ t.hc repreRentnf.ii·m ut. the 
á ata oj1ei'ntoi·. Thc funct.iuú p"rformod hy a cbt.:t opern­
tor''.ÍhaY :·f;~ ,:tfi1I,Y a S.rst~m pr.imitive of it m:ty be u. 
"cal!''' on,:~--~_Ow-er lnycr facility. That is, its dntil et:lls 

_mi\;Y Le parfi.úl~:tcrs tO a task existing .on u. lo\n~r .la ver 
•vi,icriis acút:atcd by thc initiatiou uf t.ite data op0rator. 
Thjs 'rrúiy 'in turn nctivate othc:r .tusks on •lill.lo\\'Pr 
layr.rs; but tit(,- ci1tirc data funetion nppcars primitive 
att;1e bycr oil which it ·is initiated. Tlüs i!j a u (~xplicit 
cull •Jpcm n.Iowcr laycr .. An implirit call would he the 
u.divation of Ow storagc''nllocat.or unon :wtivatio11 of an 
ac~ivít.y in a.hlock Htrueturcd .()nvir~nrnent. 

'A form.nl ¡;~·n t.nx nm.l scrn:1ntics for · dU-t.~ ~truet urrs 

'<" 

.(-.' .. 
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.. C.Qf WORD 
(d) ¡ í '. 

~. ' 

CDF DOUBL_WD ::. <~Qt\ITIGUO..U.S> lY.C'BD. (2)j 
Cb) 
STRlJCI JNIEGER = <WORD>¡ · · 

(C) 

SI...B.Uhl LISTEL. =--<DOUBL_WD> (INTEGER:. 

DAIA,<l!iQRD> REF LiSTEL: PTR)j 

(e/) INTEGE R 
·~i:YQBDJGD.NSIBAllii. SIMPLE' 
CC) . . 

. LISIEL 
OMPI EX 

DATA . PTR ··· 
· !MlliB-wC O.J.lN]l;:Sui.~La.L4R E F 

INTEGER IQ_ 

LISTEL 
CF) 

Figure 5__:_J·:xamplc of data structurC ~ec~atiOn 

ancl " syntax for data operator' declarations is hcirig 
devel~p¿d. Tite dcclurativo languagc is similar lo 
ALGOL G8 and 'the resulting graphic rcprescntation of 
t.lw dn kt sl~ueturc drscriptors rt'sernhlPs 'thosn of Enrly's 

·VE BS.2~ Thr~ bnguage consi~ls of six ba.•·ÜC buildihg 
bloc:lc xtrudur('s-SL\!PLE, ·. i'v!ULTIPL.E BIT 
STIWCTUIU; (l11BS), AHHAY, llEFER.EXCE, 
UNION, ;uHl CO?di.lL-EX . .C::~amph~s- of SI2\IPLE 

- struciures am integcrs, rcals, etC. :\fllS's are u.~cd to 
defino ficids in words or tablt'·'· RFJFEREN'CE slruc­
tur\~S dc:notc_.addre:''> \'arinhles. UNION is nH:ant in thc · 
Sct xense and t.itus UN ION is a pince holdcr.for onc of ' . 
a sd of struetnre typei!. A CO\!PLEX' stru"turc is 
h"-tcrogeueou.,, con.,isting of more titan onc type of bnsic 
building bloek. 

· Anothcr funcbmentnl cone<,pt .. is that of n consLraint. 
The data stnictun' declarutions define lo.gic:tl rel:tLion­
sitips o~ly .. Constraint.s are used to relate these to 

. physical rcnlities such us word.o, right hnlf \1·ords, etc .. 
Thé>se two r}riluitive coflstraints are: U'OllD and 
CONTWUOUS . 

."As n~ (•xarni,Ie, cOnsider Figuró 5. Thc lcngth of a · 
W'O!m ·:i;; ddi,\(,,d in . Figui"é. !in .. 'Thc . c'ons(raint . 

.. ,_ 

. i 
: 

_, .. '.· ·, . . ---- ---------
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DOUllL_ WD iR dofincd in· Fi~urc 5b, :md an. intcgcr 
is Fig>irc 5c; A complex st.ntcture LISTEL (list dcmcnt) 
i" ddincd in· Fip;ure 5d. It. is const'r:iincd to occupy o. 
doubJc \rc)rt.l, oitC bning nn iutcp;cr, und the ot.hcr a 
nofr:rencc to lÍ LISTEL. Tlw tr•rms DATA and PTR are 
ttC"ix;srlitJg tuúCÜim ·nn.mes. Figu_rr>s 5n, f, and g shtH\; .thc 
grnphir: .. réprr•st•ntntion of. t.\ ~e rcsulting lt'mplntos. 
l1"t.ui1c<'~ of··t.hr•,;., data H(.rur:t.ur~• ma:i" be <],,.,lnred 
which .. i•n•í1te .de:<criJltors lm~etl upon tlw tcmplat.c but 
with tú>ilt·~ fnr aÍlor:aÜon information áddcd. 

])ala opr;rni<~I'H itrn tlr•lined in term" of t.hc t.ypcs of 
l.h<·ir inpilt nnd otitpüt. <lat.t\ structurr•<. LO( lOS ha.• 
110 fr,rmal · fi<'IHúnt ir~H for data npcratnr:;, Rtl fundionnl. 
flt'(ldtion iS ·not. ·p<l..~.:;ihle at present. Huwcvcr, nn in.~ 
rm:ma! ·f't'l~t:mties· is b6ug dl~y('loped t.o enhancc in ter..: 
desi¡.:;111~r comnmnkation aml to allu\,· :-;irúulat.ion of tu:~ 
tivitic.~ if ;le.~in·cl.. . • 

'l'\11, inlei1t of t.his brid nnd incoinplete dcscription of 
thr:'s!ruCtimd philosophy'nnd rcprc;Scntn.tíon systcm of 
LOGOS.hns be¡•n to set the st.ngc for n rlisensHion of thc 
tl'd· uf J l)GC)S' and tlH1 nnalysis t.ools it providcs thc 
softwúrc cngine;lf and systcms 'desip;ner. 

'·· 
'J'Fm,DES,IQNER'S ENVIllONMf:NT 

,Uefore .. <liscussing tiw typcs of nnalysis too!' LOGOS 
¡.mi,:idt:.~· .. ·utt! t-i/,ft.\,·are enp;ineer and ~ySt.er~ dc·signer it 
wotiirl lJI'•'hdpfiil to <•xmninc thc LOGOS cnvironmcnt 
Ly' dt.• .... (·:ribiu~· A typica] dc:si~n ~r.enurio. 

Tlrr' .iysfenlH nrehitects, tll'<> or tlrrl'e hi~hly skillr·d 
rm:d~·stR 1 _,\}ll ,eit.h(•r he given c)r will t~r(~ntc! n Rpedfica~ 
t.io:!' for i.h~~ ·taf~nt sy!:it.em in tPrrns of capahilitit'H, num~ 
b('r ·¡,f us(_'fs,· .H"rVicc t.ÍmC's, nrrival. rat r·~,. de. Tlwy will 
pkk thc dcSign pnrnmt~t<'rs, hlcwk.tlw :->_\'HtNn into facil­
it.icH, awl ilh~ntify any olwiou:-:ly comnmn facilit.ies :meh 
:Le; ine;nofy'. In thc cnse of a softwarf ~~·:-;tem Luilt on n.n 
cxi~ú illf!: eomputf•r, thc sy~tcm pfimitiv1~s-t.hti ·machine 
in:~~rud:Íons-·-will L<~ spN·ifi('(l in aclv:uu:c. Th.e facilities 
will p:·obably. he .~o;peeifi<'d in term .... nf t.lwit: extern~1l" char~ 
aet.:~ri~tiC"s :ind \rill bav1~ requin~U pc~rformance par:un-
ci.d~ :J.<.:~ocint('d with thr.m. · 

Tlu• i_u'rcn·Tnation willl~t~ given.to a ~roup oLdesignc)~~ · 
(p,,rliaps thn arc:hit.P<:l~ Lhom,dws) wlio will rldine 
t.Jw:.:e f:l('iliti('.~ irl tl11: LOGH'; dl~.c.;i~ll data. bnsc frorn 
t.hf'il: gr:¡phic.'l (~on;;oll·."<. '1'!11~ i'u.t.lividual1ask~ p¡·rform~·d 
by f:t,·ilitiC:-;_will b~ rou¡ . .dw<l in, nn~ lH'I"forit.i:uwe parnm-

. n!.c~r:-: di~line;l f,\r tlu•tn früm ü~osr. on t.ht~ fnf'ilil.y it."'Plf. 
'r'ltt~ th:si.I!Jll~l"~ m:ty tlc:flllt~ c:ailtmical .oClH·mala ·uml 

stlm~ l.hem in_a mw;rolibrnry to hn in~~~rkll nnd ·Px~ 
¡m1~d~"'l tluring tlw tll'!-ii¡.!;n Jll'llt't•s;¡. Tht·st! Jna.v ·iudude 
Hlrur:itll'r'" ""'h us JI'Tlll':l\l·:I.'H·: anrl Jli)\VJ!ILE, 
th:~ p;·i¡nary C'(l!l\rol t"h·nwnts of ;ínwturt•d ¡u;o~(r:un­

m\:xr.2:1 In 1NII1H of lwrdwan:, tlH'!-:e nt:ttl'o.-; will indw!t~ 
tlw. :-:et of ~\1;:.;1 funct it"nl:; av:tilablc t.t) ·t}tf~ d¡·l:'igJwrs. 

. " 

-·---~.--~-: ___ ·· -· -~~~·-----·'-'~-· ----· ·-· ~·'--'----

As thc dcscription of a task hccomcs com pi etc on a· 
.hycr, thc rcsulting nctivitics c:ui he annlyzcd, and the 
nct.ivitv collapsccl. Com•nrm tn.'k~ may be groupcd into 

··facÚiti~'~ 01_i lower layers Rnd dcfincd a.ceordingly, -r.ii.ch 
haviug a perfornlance spccitication derivcd frOiu aboYe. 
·;rhc · f.Íi·sil,\ners will mukc their wnrk av~ilablc to ·cnch 
other by placing it in a common r~lobnl d:~t" ba;;e. lt~rc¡. 
lowef lay1~r fueilities comn.Hm_·to :-;evr.ral \lc~ignef_s 0_ay 
be idcntili••r!. Duplic:ut<> ::m\ :<Íirlibr facilities' ~n•l. t.n."kS 
will he replncod hy c~n;mn~ly •han:d facilities. .. 

i\lodific:atious ffil1)' .be cvnhiatcd ulonp; thc' ":ay by 
substituling modificd ta.,ks inio t.¡;c data base nnd rC­
annlyzing t.he affr;~t.cd porti~m of thc design. This .pro­
cess is ·Cunlinued across desccnding layers until thC data. 
opcrntof functions are in· fr.rrns. of ·tflc·f)oftwarc· .prim.i~ 
tivc~:-: of the tnrgct ~ystí·m, .i.c. 1· maehinc instnictions, 
·imr.ilcmPnt:¡ltion langungr. ·statemrnt.~~ \1r. a trhl-:s~t Üf 
iristrucÚo~:l if t.he c.nti~c hnrdware/soft.ware H)::;t;_~n~ ·¡s 
bciúg e~catcd. Code (;pÚrnizüt.ion.rnll tht.:ll Gc a~tc~1Ptcd 
~~ing .One of .thc -ncwer -graph-oricnt~4. Üptiri1iZ~tiO"n 
tl'r:hniqtws. Code gencmt.ion will be diseusserl' briefly 
in ~he.nt~xt tmct.ion. .. . . . . . . :· ·. 

If the hardware and/or implementatioú langUagc 
cxisl s, actual times will he avuibble fr¡r the softwáre 
primitivo npcratinns. Thr.~e can be reflectcd' {ip. arid 
acro:-:s l:lp:r~ to Uctcrminc if thc pcrform:mCC' rcqllii-c-

. ments wm·e met. lf not, redcfinitimi: <ii'tdsks· and/or 
bvá b~unrbrics will· be rcr¡uircd to ahe;,:;pt t~: inect' . u;,~ .fo;pecificn.tions. . . .·.' '' .·· ' ' 

1 f t. he hardware has not yct hecn rlesi~iwd, it ~a~ be 
begun .at t.his point wít h thc trial.instru~~i.ons,.~m,d;.t.hci.~ 
rt:quircd 1-inws aF: thc t.arget. The proce . .;;s is it_lcntical to 
"tlw tlne ahfl.\'(' 1 \m t. tht•.Jo,~·<'st lu.ver hanlw:ll:l~.prin;~tiYcs 
will be harrhmrc clcnl<'nls ,¡.,¡, a.< 1\AND ·~at\'",' i\!SI 
chip:~, ete. O~wc ngain, :1dual pP.rforman~c:info_fmati~_n 
lwr·omr:s availablc and is bac\;cd out Lo t.he software 
laycrH . 

. 1( t.hr.. resulting ·performance ·is inadcqUa.te, the 
int<-rprelr:r (hardw;trc) mn he spPor.lcd up by incrcas­
ing tlu: d<'g~l'C·of pa.rallr·li~m or uj)gro.ding thc tcchnol­
ogy. ün t.\tr. otlH!r haud, the hardware/software i_ntcr­
face can be ~tdjustcd by redclining as primitivos ccrt.ain 
lw:v dUi n.- opcr;itors whieh wc'•re originully implcme~tcrl 
1\~ calls u pon~ lowcr lnyt~r facilitic.;;. 'l'l1csc proCcdurCs 
mny bt~ :qqilif'd int.r!r:tdivdy ii1 combinutiÜii .to ~rcó.ch ... 
t h~~ dt~siJ:t·d ¡wrforma.ncc, if intlc~ctl, it is at.tülnable atall. 

·oueP t"hc~ instni~tion set iH frozCu, codc nmy · bÚ gÜn­
:c:.mt~~(l, :uul tltC nP.crs.•mry stP.p~ takcn fOr implcf!l~ntn.-
t.iun qf the hH.rdwarC'. · · 

Notr. that this se.ril's Of eve;1t;.; is rt d~part11rc froin 
t1H: u~ual pmcticc~ of ddlnin~ thl! tri.rgd. instrnetion sd 
:t:•·:tll\wst. lhe fin:t. st.1·p in syst.enl·<J,~~igu :m~l thcn .sentl-­
in;; the hardwait.~ dc:;i~ltr'rs n~,·:l.y to huild a eom.puter 
antl U_1c progmmmcrs to b11ild an oper!tting systc.;m. Thc 
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int-q¡ratcod de,ign npproach ndvocated IH·rc slio{rlcl {1) 
rcJucr. thc: hardwarej¿.;()ftwu.rc intf:rfacc misnúit.du~R, 
nnc! (2) nllow eost/pr·rformunee trudeoffs to be int.el- · 
Íi~rit!y, !J.vriltii•led nt. ti1e j1roper timc-bcforc commit-
mrrit. !.o har.l\l'llre nnd codc. · ·-

Tiw· rlttta strir'ctures, data opcralors and resulting 
codc orthe,opcruting systcm urc simply data in 011() of 
thc. data: structuró.<--memory--of thc inte~prcter 
(!umhmrc: .proeesso1·). This is truc rif all program/ · 
in!,rprdcr:syslt•ms. Ú thc inlerprctcr wcrc not to be 
im~lemt:nted iÍ1 hardware büi. on, say, an 1 Í08, thcn the 
rlat1i úp,rutor ¡irimiti\•,.s· would lH> -1108 machinn in-

. .:t.:udious, ·uud codc rathc~ th:m h~rrlwure would ·be 
gc111:r~ti.<~U.: 

._ lu ncltliÚou to n,frumCwot:k.for r<~prescntiug l~tycrcd 
. sy,;tews, LO COi-:> will pmvirlc thc rleSigner with scv,ra]· 
ty¡J<$ of con!:li~te;lty ;~mi performance ana.iyscs. Fur.thcr, 
COd() ·g:!t)efat.ion'· of f.afJ!;Pt sy:.;t.em ~of!.warc, an<} U)t.i­
tnnÜ: imjllmÍiellt'ation. of tnrl-!:1:t. syHtcm. hardware are 
~c·H~IH"\~·idCh ·u1Jpcur att.tlinahlP. . 

''l'he- anU.ly~es <~tul lm sepaí·ated into t\vo clns'st·s­
uninterpreteü und interpreted. Uninterpreted nnalysis 
impli'~~ thnt hi, 'intcrprdation is plar:t·d· u pon thc·func­
tiou i>erlorríú:d by ·the data oper:ttors for, !JUrposcs of 
the ·arüdysi~.-~ThtJS, .uoint.crprdc(l. nmll}•scs dea1 pri­
mnr:fy with Úrc. couti'Ol grnphs nml are top~llogical in 
uatfJi.·C. · ·.: '. 

The 'additiu'n'of pnr:llldism m .coneurrency to air ac­
tivit.v rais'c8' s(~V<~r:ll nnulysiR qur;.;t.ions. Of prirnmy in­
ten•bt' i:i wliet.li.,r m u! tiple nctivntions of a parallcl nc­
t.iviiy · (séhmnl\) with "¡;iven initial c;mtrol sl.!lte. (<:on-
1.rmts .or.its·c-eclls) 'n;,¡J data vnluPs will rcsult in thc 
same finn.i vttlU<'S in n $\!t of flrcsult" loCation~. This 
ctui';'lit.ion Ís. <~allcd tkkrmin:u:y· nnd Wl~ formuln.tcd 
origin,t!l)r by 1\arp nnd 1\'lil1er. 11 Thii; (~OiltÜtion, cvcn 
nft~:r formaliiation, ¡¡;~; rnath(~mnticnlly <liffi~ult to provc. · 
AuoJ,Jwr cónditinu, r110n; 1-iiringl~nt büL eu.o:;icr to vcrify, 
hn.s Lren lomHiiat<>d by Kurp anrl Millcr. · · · 

l. A sCh<~ma i~ dd<~rrninnJe if, giVen an initial statP., 
Qo ancl.nn initial sCt of value~¡ t~nch dat:L Jocation 
hM a fixcd •cqucnce nf vttlucs. 

Wiih chis cnnuition Hatisfier.l, then a schema will surcly 
)J~oduce cOnHist.ent valucs in thc 11re~ult" locatio!lS pro~ 
vidcd tlu•t t.hc nl¡(orithm tc,·minates. T\urp ami Mill<>r 
f urtl:cr shmn:d that t he· ubi"'" <:onui tion is' ,;r¡uiv;tlcnt 
to ihc following two NH~ditions. 

2. (i) No tv•o dut" opcr~itim" can·bc eorwurrc:ntly · 
enfi.bh:d t.o 4'writ.e''.int<; a c"ommmi dil.tiL lot:'at.ion.· 
(ii) No dutn il¡wr:d.ion·· c:\11 he r11ahh~d to 
Clwrit.e" into a data. loeation whi.Ú! anothÍ!r tiuta 
opcration iH sirnulianeouslv <~nnUH~t.l ·t.o ''reml" 

· f roiJ.l t.lH<!'Hfl"\<; l()t:atilln. 1 
.. -. 
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Fro_m conditions (i) and (ii), n scl;cma is dct;•rminnk 
· providCd th'n.t~it is frc<! of. "racc" couditions of two. 
types. This situati<in should not sturtlc hardware de-
siguers who ha ve alwnys faccd this problcm. . 

Knrp und !\filler gavc conditions on a parallcl schcma 
whieh nllow determina<:)' nnnlysiH to be conductcd or; 
thc control graph. The analysis too! is a mathcmatical 
construct called a "vector nduition. system" (VAS); 
for n givcn schernn, the vectors uséd have onc cornpo­
ncnt corrcsponding to cnch c-cell in thc control graph. 
A vector q. giveR thc init.ial control statc; 'nnd, for each 
control-' opcratur, e, a· vector a. gives con.trol statc· 

. changos \i·hcn control operator e· occurs. Thcsc chnnge 
vc~cton~·may_=bc_Uerived from· thosc sho,~·n in _Figure 2, 
hut may be gc:ncmlizcd to integers grcnter. than. ±1 
for highcr Jcvel rcp.resentation. A "trcc of nades" is · 
gr:n<>rntr:d from thc· root uode q. which corrcsponds to 
thc trcc ¡,¡ uttuinablc control statrs of t.hc' schern:<. Thc 
·al¡¡orithrit idcntir,cs lonps in thc control and may be 
uscd for finito and infinitc attainable state schemata.· A 
complete trcatmcnt may be found in Refcí-cnce 20. 

Thc rcsulting trce can be uscd to detcrmin~ thosc con­
trol o¡H;rators wbich can be simultaneously cnablcd; 
ami, hcm·c, t-hosc data operators which nr~ cOric~I:rCílt: 

By cxamin.ing the ·input and outptit · d~ta. c~iis 'óf 
tlro:,c data opcrators, conditions (i).and' (ii)' abov'c ·can 
be vcrificd. Thé blockhcad/blockcnd ol thd' ~ctivÚy 'in 
I.OGOS limit thc scope of the .analysis, and thus can 
limit thc sizc óf thc trcc to managcable sizc. The.activity 
can he annlyzed lor detcrminacy and collap~éd. It .. will 
tlimt appmir 118 a single operator pair ·¡;,: mo~e global 
nnnlysesc . · · . ; · ·" 

Tl.>e vcct~r addition system can be uscod to check for 
prOpcr termination of ml nctivity, i.e.,· can· a control/ 
data opemtor pair rema in enabled after .the blockend of 
un uctivit.y is cnabled? Further, is the topology of the 
control gfu.ph ·such that thc activity will not términt~.te? 
llcmcrnlwr that this is uninterp~ct<:d analy;is, 'and, con~ 
""qucntly,· the rcsults of predicate opcrations nre not 
known. Thcreforc, in sorne CIISC.S, aH that can be 'saiu 
is that t.hére exists a path which if takcn, will rcsult in 
no tcrmiuatión. 

Sirnilnrly, by .viewing all activities as primitivos,· a 
poten tia! recursion .;,alysis can be carried: out using 
the vector nddition systcm. Thcsc typcs .of analyses 
full 'int<,. the category of genero.! control path analysis, 
imd additional nlgorithms in this family can be idcuti~ 
ficd nnd cnsily irnplemented using thc VAS. , 

A mnjor 'we·nknrss in thc intcgrity of compti.ter Sys­
t.em:> hns'becn tlic nlanagcmcnt·of system rcsourCr .. 'i and · 
th<> prcv.,ntion of system deudlocks. Thisis particnlarly 
t.ruú' in sy~·tems with a.hii:!;h de¡;i-t!o of real or. appurcnt · 
eoru!nrri~n<:y. Thi:-; pr;ohh.·_rÍl h:lB lli·C;II exknsiyel,\.r st~Ictic<l, · 
·:(n(i' .ri1w:h insight .hn.~ be()'n _gaiil~;~. 6 · 1 J •24 ·25 ·lfolV'' lüt.'1 
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df.•V<'\opcd gra.ph mo:!e\s for dcatÜock nnd rCHOUr<:C o.J• 
location V:·hich. 'uro dirccUy applicable to the LOC:OS 

· c-nviroflmcnt. Ül'sourccs U.rc rcpresented .as coutrol 
·. .-· ' ~¡~·-

r.ell•¡ nnd il. top(>lol(ical ailalysis using adaptations·'of 
Holt's n;Íults cnri b<J 'pcrformcd. Once nJ.(ain, a laycred 
;;tractitrc tenue tó·limit thc scopc of annlysis. · ·~ · · 

, Syst~nl p~rfórmance imalysis dcpcnds upon knowl­
cdge o(árrival · rMe' and service requcst distributions, · 
and, tlms is only ns good ns thc modclload. Ho\l'evcr, 
~··:tita! p;lh '>Lr;nsit times cnn be. computcd. in the 

· LOGOS' cnYifonnwnt. -unt.l if modcl scrvice rcqucst 
di.•;trib,•tl.ions nnd Ul'rivnl mies urc av:iil:lble, p~rfor­
lP:tncc s~at.i.<Jt.icR cnn. br. gnUwrcd bdorc implctnt•nt.ation 
u:;inp: a _c·.-~)mbíriutlon of_path o.rmlysis antl :sitllulntion, if 

· -1H~CC':-l.f!ar)'. 
lnt.-rpretcd· n!1!\lysis d''" l• wi tlrthe corrcctn~.ss of the 

~1l;~ofithms ·us(:d in_ implr~1ricnting thc ndivit.iP.~ .. At 
presea~. ÜJGOR'h;rS no nutomntcd.solution to tlw pro­
gmni 'corri:ctnc:s,; ·problcm. Thc, ·l~>ycrr.d .structurc. of 
tar¡.<rt··syiltcms,' tól(cther .with · thc communications 
c\icCÍpJiÚcs cnforccd'by the syntnx o{ thc l'C!jll'CSPiltation· 
aTlfl thé.vnrióil:i'otlicr an~tlysis' nlgorithms tcnd to ussure 
J,)~,~ic:íl'n'nd !itrttc tural conoistency. Howcver, n logica!ly 
consistc;nt., b~t·ini:orrcct algorithm is undctcc:t~>i>k Cur· 

. rcnt:work by Scott. and Strac:hcy," lending. toward.o. 
forn~nhnnthcmatical thcory of hicrarc:hical syst.,ms nnd 
f;cm•tnt:cs, rñii:y ',\'l·ll be thc nnswer. Hcsults of this work 
cnúl~ bc',údaptcd to rcpluce LOGOS currcnt data ~rnpl\ 
syntrd·and semantics nnd providc a ccrtifiablc rcprc~ 
s~ntn\i<in. In 'the intcri~, interpreted data analysis 
:t!¡¡o~ithms ·bascd:upon the functional nttributcs of the 
dn~a (JI)(~rn.tors ·are being considcrcd. For cxttmp1ci1 n. 
chto:''o¡ierntor must ncc:~ss dutn stru.,tures of thc up" 

· proprifrtc ty¡Íc nnd con; pule results which cnn·<·.~pond 
to o!>c typcs of.output dt~ta structurcs to which it is 

· cminoctcd. This is usdul in 111>alyzin¡¡ clt•t.n functions 
which are' imple>mentNl by intr.rlaycr f:H;ilit.y . nc:tivo.­
tion'-:1. ·In criticnl o.rcu~, n.ctnl\l :-;imu1ation _of thc al­
~;oritlnns in. qtl!'stion muy be performd dircctly. 

F;n,.Jly, .if o.. gJqbaÍ somuntic such n.q ALGOL .f>O or 
VORTRAN:.j" imposcd, cnviro11mcnt!1l consbtcncy ul­
gorithms s'uch ·lis scope of rcfcrcnce can ·be includcd 
mod~tlu.rly:':. - .. ' 

CURRENT STATE UF LOGOS 
' - ' 1 

1'!11: J,OGOS s~;stcm is bcing implcmcntcd on aDigi­
t,.l Er¡uipmcnt l'Dl'-10 with it Bolt, nl'r:tnck:m<l N"w­
m~n pa).!;ing hox rmcl TENEX .cxccut-ivC systom. Thl'! 
primary· ~:~¡lhies:·terminn}!;· are two I~ILAC PDS-1_ 
di:;;l~ii-.Y s.v~h~mH whic.h i:ommnnicat.n wit.b the_l~DP·lO 
:1t !HiOO l)a\iíl. 'l'ho in1plem~~ntat.ion l:1n~ung'~ is tJA II~ 
(St:nifor(t Ar·tificiU.l lntdligt.'nce _ L,<l.ll~~\1:\gt'). A .mult i-·. 

¡" 
'., 

;,_ 

. .. , '' 

1(l 

dcsigncr data base managemcnt systcm is bcing implé, 
mcntcd using the LEAP w;soci:>tivc data structurcs of 
SAIL uncl thc TT~NFX virtual mcmory facilities. The 
.'ystcm provitlcs for loc>tl.' (single uscr) and globo.! 
(ehnrcd) data bases with linking bctwecÍ1 local and 
global information in a controlled manner. The data·· 
basc.managcmcnt systcm is bascd.upon earlicr work by. 
i\1. Plincr.~ 

Thc graphicnl rcpresrntation systcm is implemcnted 
togdh.er wit.h the following annlysis algorithms: 
grnphica\ syntax chccking, detcrminacy, hulüng· and 
tc·rmin~tion, and repetition írecncs_~. lmplcffientation . 
of J<cncralizl'd control path nnalysis is also undcr way. 

Thc rcm:.indcr of thc control analyses, dendlock :mil. 
resourcc allocation, are schcdulcd to be. implcmented 
:md ·intcgmtcd by Scptember 1073. It. should be noted. 
Jwre that :cll of thc annly,is puckagcs are modular and 
act upon the st:mdard interna\ representation, .thus nl­
lowing ncw packa~es·to be ndded wheh necessary·. __ :· . 

Thc implcmcntation.speci!icirtions for the data strtic­
tureA :md rlata opcratnrs are scheduled· for completion 
in u,:cembcr 1 9i2, and implemcnt~ttions s\iouÍd bo éom­
plctc by ,Scpte•nbcr 1973 ulong \,~th -the adsociatcd 
nnn.lysis' roul-ine..~. Thesc an~ysis routiries o..:;s\i'mc1 a 
FORTRAN mwiromilent with.·a static block structuro 
lmt · may' be rcplaccd if anothcr scmantic is chcisc11. _ 
· Performance analysis algotithms should -¡;é · imple" . 
mcntcc.l and integrnted by Scptember 1973;" · ··.' . · · · 

Thus, with the vcry majar cxception· bf"á: .fo~inal 
sem:mtics nnd corresponding nttack on. proÍ;raP, cor- · 
rcctnc"s, 'LOO OS is schcdulcd ·to ha ve a running repré­
scntation nncl analysis sy>tem hy ScptembCr, 1973:. ' , 

Thc implcmentation Üf turgct systi,ms rcquircs the 
.product.ion of a coue ~c;ncrator' for tllc soft;vúrc' at1<1 a 
11hardwnrc comPilcr" ·for th.c hardwS:re porÜori.~(of :the 
repr~:"J·,mtn.tion. Hcrc· agri.in, Scott's_ work m ay proVidc a..·: 
general SoJntion to the Ri>rnantics problcm for thc codo 
gcuéra.tor~, h1.it ev~n witho~t. such results, if thc. soft­
ware pr._imit.ives i;,_ the data grn.phs are mñ.chinc languaiie 
itist.ructi<ms of thc targcL machi no¡ códe géricration bc­
con><•s rntlwr straig;htforward. In additión, thc gr:~phic 
form of tire program tnsks will allow application of thc 

·. newcr.optimization technic¡ues to the·targct ~oft~>:arc. A 
¡;·,:st cut. codO. gen'erntion scl;cme for "sequeniial (rather 
than parollel) systcms should be impl"mented in carly 
1974. . ' ' 

Rather than rc-crente o. "hardware compiler" which 
would require 30-50 man ycars, LOGOS hus chosc~·.to 
inh:rfncc with existing h11rdware CAD sy"tcms at the 
lngie cll'lationflofiir. lÜn.gr_am lcvel. Althqugl~. much. of 
t.lw. info1Tn:.ttion which <_~óúld help in optiniization of the · 
11nrci\\"1\rt! will be )nst in going to the cqúations, the time 
"",¡., und. ":opc of the pmjcct prcclude .uttncking thc 
hardwaro CAD problem directly. It is felt,:however, 
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thnt -1-lw. grnphie r<!pr<·scntation may oprovide. hclpful 
íni;ight in tlH!'partitioning und plnccrnont operations nf 
hnrdwure,Ci\D,.nnd thosc pr••bloms will coutinuc to be 
sÚídil:d. Thú ·hardll"nro ei¡uat.ioll/diugr:w! outputs urc 
sclii,dulcd for r:icptcmlwr HJ74. · 
· ·In: pnrallel 0 with th"'" cfforts, an ntt.:mpt_ is being 
mt~dc" ~o Pdiuc onc or mofl! prÜ~;r.n.mming: lnliJ,!;UHgcs to 

·St'i-'V(! us altr:rnate cxtCrriaJ r(:rrí•sentutiom; of the tnrgct 
syst<,in ·rnth<:r than the curreut grnphicill rc"pn~scntll­
·.tiou~ .Th.is i~·.being done bt't.'au:-;t• ~ome pi'!JgrU.mmei'H.ml\y 
fc~l- uncomfortnble with thr. ~raph forrn, und bcc:1usc 
the lminan enginr.erinp; and Rcr¡pe munngr.nwnt. prnblems 
b"come·-signiticunt ;.., the compÍ<·xity of Ü1c targci 
graphs i1lcre:1~i~~. · 
. "Thc-LOCOS repr<,•r.ntntioll hns becn used off-li11e to 
drs.rrihc V:\riout~ typrs of small systl-ms mal sub..;;yHtcrris 
includiug' n PDP-8. Tlw WH\Jlt:in;.(dPsrriptions ,{re con­
cis·~~, ri.tÚllwing uhlr. Lo . .;oc both ihc struct~re nnd fmw~ 
i.iéni. r,f Úic: ·H:\'Rlenm in otw- '1pi<:i.ure" aitls in understnnd-
hig· :h(!.tnrgct systcm. . . . 

. '; With regard to implCtn<'ll(:l(-ÍOJl, the residcnt I>X~cu­
. tlv<i in· tlic'_l:\ !LA C display prnccssors was desig1wd ac-

co>'Cling to thc "10(10S struetuml philosophy. . 
' Thc"·D-!J;¡\c iiystem provide,•thc·d .. signor with fncil" 
it;iis c)f (1) crt~iltinJ.pl. pii.~ún·e and d(·Sib'll:tÜn¡,; ita sub­
routii•q fór"tr:;i,smissiortto thc PDP, lO, (2) editing o. 
suhroutine; imd (3) uclctinl( "suhroutine. Thr. systcm 
Cxi~t .. fon si X 'byers ns s}~own ii1· Figure G. {rhc lowcst is 
thcl'DS-ll{úfdll"arc used by all highcr layers. The next 

f . 

.iJS¿< ~·"'"S, 
liGPT t-Ul~ GRAI'H!L.S COIIf ~W,UIUil 
Tkt.C:k!ll'.. KE~SAGf fAf:lli!Y 

HANOUR 

I:UfiOARO CHARACHR. 1 ~ C:~r,;f,éTER 
HANDLER :---......_ . R(C(IVER 

' cHAAACT~R _. 
· TRAN:iMITf.U . 

IHLAC t!AROIJAI!f . 

LAYCR 1-. 

LAYER '2 

LA VER 3 

LAYER 4 

LAYER S 

LAY(R 6 
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!ayer, filcility is _(Íw 'chnrÍl.ctcr trunsiuitter (all mes' · 
. sages,- ~cxt il¡•d graphics nré sent to thc l'Dl'-·10 as 

multiph> cl•.aracter .strings). Layer 4 contains thc key­
board eharncter-handlor arid thc ch:Íractcr recciver both 
of whieh nre.uscrs of the ch:lractcr "tro.n.srnitting f~.cility. 
Thc chumctcr receivcr useS thc chnrñetcr tramnnitter 
f:.wiliLv f.o contrOl thc trnnsmissiun of éha.rn.ctcrs fronr 
thc PiW-10 to the EÍ!I,AC. The next !ayer has threc 
indepcndcüt facilitiés-tlw light pcn tracking facilitiés, · 
thc · graphics mcssagr. handler/ arid thc corc nianagc­
mcnt fnci!ity. Al( o( these ·facilities are used by thii. 
facilities on htyers 1 nud 2, the subroutine edit andsub­
routine crcat.c nnd deletc facilities.' The cornmunica­
tion~ disc·iplinc hctwc.en the facilities are Íl'cll-dis~i: · 
plincd ncénrding to LOGOS dcsign principies.· · 

TIH! <ksign and i;nplernentati~n· of ihe ·executive re­
. quired ubout six mail mmiths of cffort. It occupies ap­
proximately 3000 words in LI!LAC corc nÍld wüs cÓded 
in ,~~;smnb.ly lnn~a¡:~~ As ;rith ·thc 'THE'0. and 
'VENUS'7 gystr~ns, coding crrors·wcrC discOVcrecl, but 
fcw logicÍII errors weré committcd in the dcsign. These 
prowd easy to idc"tify a~d correcL '. . · . 

;,';. 

CONCLUSION 
.. ,:. •'• ' .... 

TI. o uim ~f Project LO"GOS is to providc the computer 
syslern ilcsigner with" a computer~assistcd dcsigJÍ eil­
vii"<Jilln<mt in which. gooil ~ngineering_ prncÚcc .can··J)c 
.ap¡;licd .to largr.-sculc tnrgct "systems atid verifitid after 

· tlw fact. Thc Lasis of this good cnginceririg practico is a 
structural view of computer _systems which' is a gen-· 
ci·alizati<in of Dijkstm's' nnd !\lills'" structured· pro­
gra;nming ·for .se'lucntinl f"Ofbrare. Dijkstra's ;THE' 
syolem' is ·a rr"'1lt of lhis philosophy as is the VENUS 
sv•tem.' Bof.l¡. thr.se aml thc DILAC executive· háve 
d.cll•~n"trntcd lile pa)'offs of a \\"ell-diRciplincd.appro.ach 
to structurr. Tl1cy \~>ere.implmncrtted in a .filirly ·short 
time! by small de~ign groups (VENUS rcquircd nbout· G 
m:tn yc~ar~ for 'thc design and implcmentation ·of thc 
u¡..H~r:LtÍilg- Hystem nnd lite SUPJJort software). Thcy wcrc 
cmii!y rhcck(~J out· ami moditicU·, 'aHd havc·prove!J to hr. 
stahlc,. rPii1lbie ~ysic•ms. Tlie primafy contrihution of 
JAH~;os in f.Í1i8.arca_ is thut it pruvidcs n unifórm, nna-· 
ly"able rr.prcscntution in which to cxprcss thesc othcr-

. :wise ahst.'i·:w.t hotions 'of sys't.c:m stfucturc,· onc which 
. lcads .. dirúctly to thr. irnplmnentution of the targct soft­
"~1-irc or hardware. It nlso n.llow:; th~ dcsigner to expréss 

. tlll~_m.nxir'Jíum dq;:r·cc óf rc:d ¡tnd- apJ:mrcnt concurrcncy 
in hi~ targ;,t systcm. ami provides the anal);ses rcquired 
io r.vUJuat~- its •>~l"cct. · · · · 

Both 'THE' and VENUS are small opcrating systems 
implcfficnt<~d on smn.ll.to ~ncdium.scak maehilies, yct 

l<'it~urC". G··-Luy~"r ~~ rut:t.;m.' ,;r- In;l.rtt~ l::\!'f:;11 in~ ~ven tll(:y. \H~J:c f u•Jr~~- t0 co.n tain. a fCw ef_roni rc-~ult.ing 
. . . 1'... .. '· . '. 
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. ·:· 'lrvm breaehes oí <liscipÍinc. Tnie,. thcsc crrors wcre · 
n:u;ily CCfl'<•ctcd, but OS thc sizc and comp\cxil.y of the . 

, opcr.ating •.v'stc1n.~nd hardw~r~ inércasctÍ, th<> ditlic~lt:iii!J·· 
of c11for•:.in~ t.hc disciplinr.s, · dcl<:cting crrors, nnd · cor-.· 
rr.etili~ thr.m .without :introducing more will. incrcrisC· 
'uonlineurly .. it ¡,¡ because of. this complcxity cxplosion 
t.Ent a· CAD cnvirorimént such u8 LOGOS is rcquircd for: 
ln.1·p;o Sen le RySh!mS~ . 

A' LO('ÍOS-typc.Aystem can providc sr.v(m~l othnr e.d-
. · vant.n~I'R VJ th1: softwurt~ eJlginef!r ánd ·Hy1-1tém dcsigner. 

'First., bt•¡•.am;t~, ·pr:rfnrmnil.c:c mf'n.•:mrf~tÚ<•nts · c:ul be 
maJe lwforc. r:lll•er than aftr.r implr.mcnt:üion, · modifi­
(::ltions l•> .ihe systcm l':tn he proposr.d ·and t.hr.ir effccts 
''vulu~t.,;d r.conomicnlly. In· particular, thc final posi­
lioni•i¡\ of the i1ardwnrc sof1.\mrc interface cnn be post­
pon<'<lllHtil quité.latc in t.he drsign. cydc mul c<1n be· 
madc ~~ t.ruc.-funetion of ocrfnrmn.ncc V!-:i. ·co::;t. 

.fk::\!'<1, tllc' ricsign tca;n will ten(] to be smallcr. 1'he 
. ·ciJmputi>r wiJl nct a.• thc "bookkcci>N" am\ wiil¡>crform 

many of thc ailftlysc.<i whir.lr hnvc tmuitionnlly been at-
tcmplt"!' manual\ y. or not nt. nll. · · · · · 
'Thiru; the iricrcru;cil u"grcc'.t.o whic:h n tnrgct syiltcm 

can bi' i:t•rtlfied 'bCforc implenwntut.ion (m·en ·wit.hout 
form:.l.~cmant.ics) should reduce thc integr~>tion ·nn<l 
check'c>Ut cyclc'i;ignificuntly. lt may al"o be possible to 
pr<iduje 'Ín6nl-'r.Órripletl' diugnnstics in a· LOQOS en­
Vir~.nnwh't ~iTwC thc· nntirP.· :AyRtcln desuription- ns ·;wrll 
n.~ its i<ilpl.;mcntation is Rtorcd within thc dr.sign da.u1 
bttSC. TIÍis is an IITCI\ for continucd I'('SI'urch. . 
· Fi:~ally, o.lthough this hirits ~f"big hr~tlwr," valunble 

•nm1:tg<:mci>.t. !Índ schcduling inform:ttion can be cx­
trnct<•c\ frOÍll' su eh " systcm. Thc ciTectivcness of dc­
~igtú~rs, tll.C tiffirs tcquirc<l to complete v~trious port.ion!-1 
of the sy'st~m, etc., could ¡,;, uscd in rst.imuting, stufling, 

. :lnd schcduling futurc systr.ms. . · 
J,OGOS· is nn op<:n·m1dcd systcm .. Although " first 

proJ:wing sy•tem will he rompldc in l\174, it is ~:xpcctcd 
t.hat t.hc nsers · thcmsdve.s will enhauee, modify und 
tnilor thc design · <:nvironment lo· thcir nccds as ncw 
ledmology becomr.s 1Wttihtbl6. 
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Abstraer-The features of the Entity-Relation&hip modelare examined. as a means for represent· 
ing both thc conceptual schema aQd the externa! schema in a database systein. In order to scne 
in this dual capacity, its modelling features are extended to support muhiplc user vieWs:We show 
how to rcpre~nl a model and present a suitable diagrammatic tcchnique: To rcprcscnt thesc 
conu:pts al the user ·level we propose a data definition languagc with a concisc and simple 
suucturc. Furthermore, guidclines nrc givcn for interracing the E-E-·R schclna with existing" 
DBTG·Iike systcms. · 

Conceptual schema Externa! schema Database systems Data Definition · language Data 
abstraction 

L INTRODUCTJON 

THE PAST few years have scen a growing awareness of lhe fact that a conceptual frame­
work. involving a three schema technology. is essential for the development of data base··· 
syslcms. The novel element in this framework, compared _lo previous database tech-

. nology, is the emergence of the conceptual schema: a sel of rules describing Ihe informa­
tion rclevam to a given enterprise. Such a descriplion should enrompass object types and 

, roles/relalions, as well as consistency and dependency constrainls [1, 4, 12. 13).. How this 
'information is prescnled to a program by various users is described in the: externa/, 
schema, while the interna/ schema describes how lo represenl it in storage (slill' one-step 
removed from actual physical records, but including physical sequencini selection of 
índices, ele.). There is also the need for two mappings, one between the coneeptual 
schema and the interna! schema, the olher between lhe conceptual schema and the 
exlernal schema, Sirice the process of defining the relevan! information to an enlerprise is 
closely relaled lo Ihe system analysis and design activity, the conceptual schema is an 
important too! in the communicalion belween end-users and managers on one hand and' 
database designers and implementen on' the olher hand. Additional advanlages of Ihe 
conceptual schema concepl are improved semantic conlrol over Ihe data and a higher-­
degree of dala-independence, due to the _ relative stability of Ihe conceptual 
schema [2. 7. 19). , . 

Although lhere is not yet a· consensus about whal constitutes the best set of concepts 
to be incorporaled in a conceptual schema. a number of models ha ve been idémified as 
possible candidales [3]. Among Ihesc, Ihe Entily-Relalionship (E-R) model proposed by: 
Chen [6] has many of these desired fealures; it is easy lo formulale, i1 is easy to' urider­
stand. and in addilion it includes a concise diagrammatic Iechnique which can be used in 

. the process of system analysis (6, 7, 10]. In addilion. the simplicity of the E-R triodel and 
_its senianlic ~J_ruclure, closely resembling thal of sen1ences in nalurai languages., also 
make i1 a ,cl~1ble choice for- the externa! schema. However. lo use the E-R mode!' in 
this du~~;jtÍ is necessary lo expand ils, capabilily lo' supporl multiple views and 
abstH'?l'[O'~talong the lines s11gg~sted by Smith and Smitli [ 15. l6]. . · · _ · • · '· 

.Ji!i:T]lS'cp-á¡íér we firs,t ~esc,rj~~_;ome ·general properlies of the E-R modeL Nex1. we 
diil:uss'' hów lo exlendiCtn~-miic!el in order to support more abstractions (views) and 

_ ;_~oWespondingly ~úgmén•\h~' di:;grammatic iéChhique. To ·realize these coneepts at the .... 
: ·)."~ \- ·. ' . . ·.: ~:~át. •'· - '"" . . .. -
. . :\•·This wOrk is sponsored in:pah by NSF Grain MCS17-03904: · .v 
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external (~ser) leve! we present. a suitable data definition language. Finally, in the .last 
. section we give sorne guidelines ·ror tranSiating the Extended-Entity-Relationship · 
(E~E-R) diagrams at the ínternál leve! into an executable DBTG network schema. 

2.' SEMANTIC INFORMATION IN THE ENTITY-RELATIONSHIP MODEL 

Basically, the Entity-Relationship model [6, 7] consists of sets of entities or entity sets · 
which denote real-world entities or "things" which can be distinctly identified. Arelation-' · 
ship is an association among entiti~s, and.i!. relationship set is a set of relationships of the. 

. sáme type. The role of an entity in ·a relationship ís the function it performs in that 
. relationship. In the E-R diagram an entity set is represented by a rectangular-shaped 
. box, while a relationship set is represented by a diamond-shaped box with lines con­
nected to the related entity.sets. In addition. the lines are labelled so asto !ndicate the 
type of mapping (1 :1, 1 :m, m:/, or m:n) for the particular relationship (see Fig. ·n 
Entities and relationships constitute only the "upper conceptual domain" in Chen's · 
model (6]. Eritities and relationships ha ve properties which can be expressed in terms of 
attribute-value pairs. This information resides at the "lower conceptual domain" and to 
draw it in a diagram. value sets are designated by circles, and an attribute is represented 
by an arrow directed from the entity (or relationship) set to the corresponding value 
set(s). Figure 1 also includes partial attribute-value information. 

It is worthwhile to remark here that the relational model of Codd [8] deals oidy witli 
. values and relationships. Relations represen! the intension (meaning) of the data as well 

as the extension (representation) of the data [11). As such the. model is sensltive to 
· chailges in the nature of the associations in'volved. For example, if an association type . 
· changes from /:m to m:n and.the relations are maintained in JNF, new relations will 
ha ve to be introduced. On the other hand, the relational model does not ha ve any 

·. pá.riicular namihg requirements for relations, and does not pro vide the control of 'model­
. ing ·only intellectually manageable objects. Consider the; example given by Smith and 
.Smith [15] that "a student is enrolled in a class in a given ·room and. climbs a certain 
·mountain", which can be modeled by the Codd relation: · 

' .. : ,,. 
R(STUDENT. CLASSROOM, MOUNTAIN) . · 

. Tl\is relation is in JNF, but is not "well-defined" in the sense of [15], since it does not 
relate fo a real-world entity or relationship. 

COUNTY 
M 

CITY 
• 1 

STAY 

S TATE 

NAME CAPITAL 

8 
PERSON 

NAME AOORESS 

88 

" .. .. 
' 

1 , 
• j 
! 
,l 

.j .. 
¡ 
• l 

j 
! 

1 
1 
1 
¡ 

1 
i 

1 

i 
' 

1 
1 

·.: 

. ' 
,! 
•, 

The E-R 
expressing a , 
addition. as 1 
sentence, i.e. f 
model. The r, 
words :of the •' ; 
further and · r 
names.,: as co1i 

' wan eni¡iloye¡, 
sometimes it; 
example, 'con.'. 
and childré!( 
F urthermore', 
direction of '~· 
to the. form~, 
may 1ie resot;: 
both ... -.:tic¡ 

. t~e :S c,l 
: 'Synony~s c;c'; 
'discipline ca:: 
·, The 'diagnc . 
•", . :;; 
relevan! serr·. 
directed edg 
relationshipl · 
Thus a logic'. 
·which are n<. ·. 
in sorne cas. ·. 
hierarchical. 

· ex¡..ressed he ! 

· ''state .. o ver:· 
perforin una · 

On theot 
· usually carr; 
"ca.r" ,to prc! 
particular p: 
and project• . 
importance 
fórmulation 

1 
. Although· 

- data, it)s s·: 
· -pcrrr nt 1 

for d ..... en1 



.... , ----,----·--·--;><···- : . . 

ViC"ws and 11bitra~ll'on1 Wlth an eAiended-cntity .. relallonship model 
-·-~ ~ ' 

141 

'. _nally, in the Jast • 
i· ,)ationship EIIPLOYEE N ... 

PROJECT 
r. .ema . . 

;•, !,' 

:·tp MODEL 

~ ~ies or entit~~ sets 
:tified. A re/~iion­

·:•'ationships c-f the 
• ;Jerforms in that 
, ... :tangular-shaped 

with Jines con­
. . s to indicate the 
\hip (see Fig. ·1). 
···nain" i:1 Chen's 
' ·esséd in tcrrrts of 
·: domain" and to 

_: •te is represen!cd 
', :esponding value 
i 
· ] deals only with 

. thc data as well 
· !J is sensitive lo 
·' · associatiori type 
:· :ew' relations will 
,,~s not have' any 
::·:onlrol of model' 
r'n ·¡.., Smith and 
' < e s a ·certain ¡c., . 
~ ' 

i.< 
~:-¡' ' 
!~!· since it doéS ncit 
. ' 
~-
~-' 

;: 
;•,., 
'· 

• 1 . 

., . 

' ¡-
1 

l 
. ~ 

¡ 
¡ 
• ¡ 
i 
1 

1 ' 

1. 

.. CAR 
.. 

Fig. 2. 

The E-R model provides more semantic control over lhe data and is capable of 
expressing a more stable view of the information of interest to a given eriterprise. In 
addiiion, as discussed in [ 11 ], the model closely rcsembles the surface semanties of a 
sentence, i.e. a complete discourse, whiCh is an essential property for a conceptual schema 
model. The requirement of Smith and Smilh [ 1 5] that a naming discipline with single 
words of lhe naturallanguage to be adopted ean be enforced quite easily. We go one step 
further and recorrimend the use of nouns for entity names and verbs for relationship 
names, as commonly done in lhe structure of phrases in a natural language, for example, 
wan employee belongs to a department." and "parts are ordered for projects". However: 
sometimes it might be difficult lo find suitable names, particularly for siinilar objects. For 
example, consider the case when one wants lo model the attendance at schools of parents 
and children by two relationships between the entities school, parents · and .children. 
Furthermore, it can be recognized that natural names of relationships often favor one 
direétion of discourse, for example, "an employee belongs to a deparlment". Wilh respecl' 
to the formulation of queries súch an asymmetry might not be desirable. The problem 

. may be resolved along the following guidelines. The use of transitive veros can support 
both directions by employing .the active and passive voice. According to the applicalio~ 
the names should be selected lo match lhe most frequent queries. Furthermoré, 
synonyms can be used lo resol ve the asymmetry. More detail regarding this. 'ná'miríg 
discipline can be found in [14]. · · · · · ' · · ,. 

The diagrammatic represenlalion of the E-R model enables us to considér · additioríal 
·relevan! semantic aspects. We define a logical parh as a sequence. of connectioris '(ún­
directed edges) between two entities. Since. these connections correspond to existing 
relationships, a traversa! of such lines refers to a sequence of corresponding relatioríships. 
Thus a logical path gives us a simple semantic measure or the "relatedness" of en tití~ · 
which are not adjacent. Since individual connections are explicitly 'specified in the model. 
in sorne cases they may be used to derive extended relationships. Consider again the 
hierarchical structúre depicted in Fig. l. The relationship "persons inhabiting a state:· · · 
exvressed here in a natural language phrase, has the underlying m~aning of relating 
"state" over the given logical path to ··person", an operation which the system can 
perform unambiguously. .. 

· On the otber hand. it is ratber clcar that from a semantic point óf view, a shorter path. 
usual! y carries more exact information than· a Jonger' one. For example. ttie path froin 
ucar" to project" via "use" in Fig. 2 reftects the fact·thal each car · is used only for one 
particular project. Tbe otber patb over "employee" yields a m: m association between·cars 
and projects. The concepts of logical path and length of a logical path become !>f major 
importance when we consider tbe design of a query Janguage close to natural language · 
formulation for the E'-R model [14]. · 

l. MODELING DIFFERENT LEVELS OF ÁBSTRACTIONS 

Although the E-R model provides a quite.stable picture of the enterprise view·of the 
data, it is still possible tbat this view will change in the course of time. In addition to 
permanent changes, such as those described in [2,· 7] we al so want to provide the facility 
for different US<lrs to see only part of the data or see it in a different form. Traditionally, 
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.. multiple riews have been supported in database systems by the DBTG-Iike ¡externa!). 
schema(subschema facility [9], or by allowing the forming of views via query evalua­
tion [5]. 

While the informalion available toa given user (view) could be derived (with greater or 
lesser difficulty) at evaluation time: it is importanrtó; allow various views to coexist and 
to be able to model this explicitly. Sorne benefits of this approach are (1) easier reinforcé­

. ment of consistency and integrity constraints, (2) a more systematic data-base design 
process is achieved and (3) more efficient interna! structures are possible [Üí]. 

The current proposed approach to deill with multiple views is to treat them as abstrac-
tions, i.e. models of the data-base in which certain details are deliberately sup­

. pressed [15, 16, 19]. It is also recognized that the notion of abstraction is powerful 
· enough only if we allow abstrae! objects to be composed (decomposed) in a hierarchic 
: fashion. Two kinds of abstractions which are particularly relevant to data base design 

ha ve been identified by Smith and Smith: aggregation and generali:ation [15, 16]. Aggre­
gation refers to an abstraction in which a relationship between objects is regarded as a 

. higher leve! object. Generalization refers to an abstraction in which a sct of similar 
objects is regarded as a single generic object. For example, the employee classes ~secre­
tary", "engineer" and "trucker" with presumably different attributes can be generalized to­
the single object class "employec". Under this structuring discipline the gerieric objéct 
"employee" contains only the attributes which are common to all employee classes, while 
the attributes distinguishing a particular employee class are visible only at the lower leve! 
of the hierarchy. 

· In this section we shall consider how to extend the E-R model to include variations of · 
the abovc menlioned kinds of abstraction. It is important to meniion here that 
Chen's [7] "split" operalion in which new objects are created to express a,gredter amourlt 

. of detail, does nbt satisfy our notion of abstraction. The new objects are modeled as 
separate entity sets; therefore, the information about their similarity is lost. · 
'. In designing the E-E-R diagram a deeision has to be made regarding ·the tradeóff 
between the amount of information visible and the manage!'-bility of the graphícal repre' 
sentation. We opted for the benefit of a two-dimensional picture, rather than a three: 
dimensional one as employed in [16], and to avoid the representation of cutting lines;·as 

·can happen in the conceptual diagrams of Nijssen [12]. These features are particularly 
importan! if we regard the E-E-R diagram not only as a too! for the concepíual leve!, 
~ut also for the user (externa!) leve! by facilitating the capability of graphical suppórt 
during interactive query processing. . ' 

In the context of the E-R model we will distinguish betweeri abstractions based ·on 
entities, and those based on relationships. F or the sake of discussion. we shall speak here 
in terms of transformalions applied to the diagram. but the reader should keep in mind 
that we are referring to different views (subviews). In the next section we shall show how 
to actually represen! these views in a data definition languag~. 

3.1 Abstractions of entities 

In this group we .include abstractions similar to the ones obtained by generalization 
in'[l6]. We make a distinction. however, between subsets of entity sets formed by apply­
ing a predicate to a value set and subsets with partially different attributes. An example 
of the first kind of abstraction is given by thc entity subsets "o Id" and "young" employee 
formed from the entity set "employee". A second kind of entity abstraction is obtained by 
decomposing "empioyee" to the distinct .status classes "secretary", "trucker" ·and 
"engíneer" which may exhibit different attributes in addition to tlie common ones. say 
"empl-number" and "name". For example, for secretaries we may also be interested in 
"typing skill", for engineers we may want to know the "type of degree" ·obtained, while 
ror truckers we are interested in "type of lic-ense". 
. Objects of the. first kind are called sélectors, because such o substructure con be easily 
describcd by a selection clause which qualifies attributes of an entity, like "age" in the 
above cxample. For simplieity, we assume rhat only one aúribure can be qualified by a 
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selector. Combinations may be obtained by the formulation of a query. Since the subsets 
are of the same type as thc original <nlity set, it is consistent to represen! them in the 
diagram within tlie same hox. For example. Fig. 3 shows that besides the "employee" set 
we want to maintain thé subsets "old-emp" and "beginner". Thus, selectors represen! 
logical subsels with the same allributes as the general entity, with their members being 
selected according to the value of a discriminating allribute. 

The second kind of entity abstraction correspond to the generalization defined in [16]. 
We choose, however, a different graphic representation, which is simpler and integrales 
the ideas of the E-R model. We discuss first how to represen! an entity set which is. 
'detailed into subsets with different attributcs and therefore different names (this is con­
ceptually the inverse of the generalization transformation). Figure 4 refers to our pre­
vious example and represents employees detailed by different job classes according lo the 
attribute "status". We note that the objects which are derived on the basis of one 
discriminating attribute ("status" in our example) constilute· mutuaiÍy exclusive entity 
types ("secretary", "engineer". "trucker"). Such ·a group of generic objects sharing a 
common parent was called a cluster in [16). In general, a generic hierarchy such as the 
one shown in Fig. 4 can ha ve more than one cluster, each containing entity types which 
are mutually exclusive. : · 

We observe that the associations between a general entity and the detailed entities.in a· 
cluster have different meaning from that expressed by a normal relationship. Each in­
stance of the general entity "employee" is related to only orie instarice of oóe of 'th·¿ 
entities in the cluster "status". Furthermore. the association type between a genérál eniiiy 

·anda whole cluster is always tixed to 1 :m (one-to~many). Note also that the relationship 
in this case does not bear any additional information (i.e. cannot ha ve its own aitributes); 
it merely expresses the structure of the generic hierarchy. ' . 

As a consequence, we use a. modified diamond box lo relate a general entity to its 
detailed entities in a cluster .. The diamond box bears the name of the cluster; no ·assóéia­
tion types are specified. and all entities of the cluster sharing a common paren! ·,¡¡.¡, 
connected to the same point of the diamond box (see Fig. 4). 

The in verse transformations can also be performed if fewer details are to be available. 
lf the detailed entities in a cluster are generalized to their parent entity. the cluster name 
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· becomes a ·,regular attribute again and the substructure is not visible to, the user 
· (Fig. 5-trans'rormation 11). lf, however, .only one!dctailed entity in the duster is to bé · 

generalized to its parent· .. its a !tributes· are concatbnateiil to. those of the paron,t and the 
cluster attnbute is left ou,t ( Fig. 5-transformation\ 1). : . . · 1 

.3.2 Abstractions of relation:JJips ' ' ) ¡ 1 

. In ·this group we first include the aggregation a~ detined earlier, Figure 6 spows the 
aggregation of the relationship set ;·work" between "employee" and "project" (repre· 
sented graphically by the. reetangle endosing the \!esired relaiionship set and its asso­
ciated entity setsl. The new object "employee" may_reflect the fact that úser is interested 
in knowing only the employee-number, project number, and the attribute of the relation· 

. ship, say time involved. Agj¡regating the relation~hip results' in an object with fewer 
details and it'is up to the user to specify which detail~ he wants omitted. 

We observe here that the in verse of the aggregate transformation, is not included in 
oor·-~~imiti~ , 

An "employee" entity set may have to be deeomposed due to a change in functional 
dependencies, but this should be reflected al. the conceptual schema leve l. From the 
standpoint of ensuing multiple viéws. we warh t.\) guarantee thaf we deal only with 
~well-defined" objects [15], and thcrefore an entitycannot ha ve multiple values for an 
attribute (which could justify a decomposition). 
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Figure 6 also includes lhe lransformations split and merge, which are applicable only 
lo relationships .. Splitting a relationship oil the basis of one of its attr!butes, aliows one to 
view the relalionships between subsets of lhe original entity sets. 

The more complex case of a relationship split is the one which involves the detailed 
enlities of a generic hierarchy. For example. consider lhe case of Fig. 7, where it becomes 

. desirable to model thal truckers are assigned lo particular tracks as the only employees 
who are allowed to drive trucks. Since a delailed entity is a subclass of the general one, 
its relationships to other entities must be subclasses of the relationships -in which the 
general entily is involved. In terms of the diagrammatic representation, i' is therefore 
consisten! if relationships among detailed entities are· not explicitly expressed. They can 
be visualized by following the unique path between the in volved entities, as shown in Fig. 
i This decision has the disadvantage that a user cannot readily perceive which associ­
ation type is declared on such a subdivided relationship. This corresponding association 
type, however can be easily looked up in the full declaration of the scheme, as we shall 
see. On the other hand, we achieve the advantage of a picture of manageable complexity, 
which can be represented quite easily on a graphical system, supporting users in a more 
natural query formulation. . . 

Detailed entities within one cluster can only become related if a relationship is de: 
clared recursively on the general entity. Consider. for example. the recursive relationshlp 
"cooperate" on "employee" depicted in Fig. 8, which expresses term connections among 
employees. This relationship could be split up to reflect a particular connection. say 
"supervise" between the different job types "engineer" and "secretary". 

As we mentioned earlier. several dusters can be derived from one. entity type. each.-o.ne 
containing only mutually exclusive entity types. Notice, however, that the instarices to 
which these types are referring are noi necessarily disjoint. For example, if another 

' . 

.· 
'.~·- ....... _ .. _________________ ,. - ......... _,.._ . 

.1 
'/ 

-. 

--- -·------------------~~--------
·----~-·"··------ ----·--- --~--------~----------~-~-----~---__ • _____ • -· _____ !,_ __ J......._ __ ~~ 



;~ ., ., 
'1 
·1 
¡ 
l 

f 

l 
r ¡ 
i 
! 

1 
¡ 
i 
1 
' 

14h GERo ScHlff"Nf:Jt and ·PEna Scm::UERMANN 

duster is dcrived from ··employee" on the basis of "income" classes. a particular. 
employee instance occurs in both dusters. Therefore, relationships among detailed enti-·. 
ties of. different clusters within the. same generic hierarchy are not allowed since th~ir 
meaning cannot be defined consistently. 

4. A •DATA DEFINITION LANGUAGE FOR THE 

EXTENDED-E NTtTY-RELA TIONSHIP M O DEL 

After the informaiion·structure of a given system is designed as an E-E-R diagram 
and properties are identified for the various objects. the model can be described at thé 
externa! (user) level in terms of Data Definition Language (DDL) statements. While the 
schema DDL defines the entire data base that is available, the subschema DDL describes 
the partial. information which is visible to certain users or application programs. 

. . The transformations discussed earlier allow for more or fewer details of information to 
be modeled. Accordingly, they can be associated with either the schema DDL. or the 
subschema DDL at the user level. Decomposing an object type while also maintaining . 

• the global object allows for modeling of multiple views. Thus the representations of 
selectors, detailed entities or split relationships are eligible for the schema DDL Asso­
ciated with the subschema DDL are the operations which suppress sorne details such as 

· geni:ralization of entities, aggregation, or merging of relationships. This is consisten! witti 
t~e modeling of different views in other models [18, 19]. · 

4.1 DescripriorJ wirh schema DDL 

The DDL proposed in this paper extends the ideas presented in [6]. To illustrate thé 
- relevant features of the language we use the sample database depicted in Fig. 9, which 

describes the ipformation of interest to a given company. The employees are associated 
with a particular department and may participate in severa! projects. There are tbree 
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distinct employee classes with different properties. Within lhe class of engineers. two 
grÍ!ups are lo be modelled sep'aralely, according to lhe lechnical equipmenl usea. Also. 

· the group of senior employees is of inlerest and is explicitly reflected. Rela1ed lo lheir · 
jobs, employees may use company-owned vehicles of differeni k.inds. This uságe is res-
tricted according lo lhe job classes. . . .' · . 

The following declaraticins describe selecled parls of lhis sample database: The DDL 
uses upper case letters only. Commenls which are not part of .lhe schema appear in 
lower-case letters. The melasymbols "{ ¡~ and "[ )" are used · to denote aefault aild 
optional elements, respeclively: . · 

sniEMA COMPANY 

ENTITY EMPLOYEE ALIAS WORKER 
attr. name specif. value set 

' ID KEY EMPL# 
NAME NAME 
AGE NO_OF_YEARS 
SALAR Y JNCOME_P _ YEAR 
SPOUSE OPTIONAL NAME 
STATUS GENERIC JOB_CLASS 

ENTITY ENGINEER [WITHIN STATUS] 

{ KEY IS FROM EMPLOYEE} 

EDUCATION 
EXPERIENCE 

DEGREE 
NO_OF_YEARS 

SELECTOR OLD EMPLO'\;'EE OF EMPLOYEE 

WHERE AGE > 55 

RELATIONSHIP BELONG 

role . 

i (1) 

(JI) 
represenlatidn allowed values 

INT(50) 
CHAR(20) 
JNT(2) 
JNT(6) 
CHAR(20) 
CHAR(8) 

CHAR(5) 
INT(2) 

(17;65) 

: ·"' :_ 
(SEC,RETARy. 
ENGINEER. 
TRUCKER) 

·:- ' 

... 
(PHD, MS, BS) 
(O; 10) 

. (IV) 

. •'\ 

(V) 

lype assoc. key specif. 
BETWEEN 
AND 

enlily 
DEPARTMENT 
EMPLOYEE 

ADMINISTRATJVE UNIT 
{EMPLOYEE} 

/1 {ON o'EPT #} 
/lOO {ON EMPL #} . 

Attr. name 
AFFILIATION 

RELATIONSHIP USE 

· value set 
STARTING DATE 

represenlation 
INT(6) 

allowed vaiÜes 
:5 78Ó901· 

(VI) 

BETWEEN 
AND 
USAGE 

EMPLOYEE 
VEHICLE 

DRIVER (N 

/M 
HOURS_P _MONTH INT(3) S 200 

RELATIONSHIP HAULAGE WITHIN USE 
BETWEEN TRUCKER 
AND ,;,,-,:TRUCK 
LOSS HOUR::C?,---·1>;¡, NO_OF_HOURS 

;~~~r~~rr~~~"¡~w~":' 
.. ·:... 

REr.:,diÓNSHIP SERVICE_TOU~ WITiiiN USE 

BF.TWEEN ELECTRICAL ENGINEER 
AND,. CAR 

. " ' . 

(VII) 
/1 {ON EMPL #} 
/1 {ON VEH#} • 

INT(3) :5200 

(VIII) 
' . 

(N {ON EMPL'#} 
/M{ON VEH .¡') 

/M 
/1 

(IX) 

..:-:-...... .._....,~- -- . ;•--........... ;_ ....... ' '" .N••'• •~ '''">'••:•,•o ... • ... ,.._ .. ,,.~·-···· •"""·"~"•- :--.·- -· . , ..... ·, ....... ':" . -.......... ,~"··· .. 
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A schema is identified by its name (block 1). To allow convenient referencing for 
different users, a number of synonyms can be declared for the same. object na me 1 block 
Il). Tbe specification column in the entity declaration of "employee" expresses the follow-
ing informa !ion: · 

ID is the primary key of the entity. 
SPOUSE may have an empty value, since not evcry employee is necessarily married. 
All other attributes must ha ve non-empty values. · · 
STATUS is used to specify a generic substructure on the entity "employee" which will 
consist of a cluster with the name "STATUS" and three detailed entities according to 
the specified values of the value set. · 

As defined in the E-R model entities and relationships have unique names throughout 
the schema, while attributes names are unique at least within their defining object. 

The entity "engineer" (Ill) is declared as a detailed entity in the cluster "status". 
Although the system can automatically identify "engineer" as a detailed entity from the 
information given in block 1, the optional specification may support a better understand­
ing of the substructure. The next line of block III is default because by the definition of 
generic substructure, a detailed and a general entity always ha ve a, one-to-one association 
tYP.. Thus, the primary key does not ha ve to be repeated in a detailed entity. 

The declaration of a selector in the schema (block IV) extends the view ofo the 
"elnployee" entity to include the subset.of "old employee". The case where a subset is to 
be derived as a reduced view of an entity is shown later wilhin the declaration of a 
subscbema. . · 

With regard to the declaration of relationships (blocks V-VIII) the following explana­
tory comments can be made. One importan! purpose of the role name is to qualify those 
entities in a quéry which can not be uniquely identiiied by the values of their attributes. 
A role has the name of the entity as default value. Only -in a recursive relationship, i.e. 
with both in volved entities of the same type, it is iniperative to specify distinct role names 
in order to distinguish between instances of the in volved entity type. The association type' 
can be expressed either in the general fashion "M:N", or by including explicit numbers 

. to show the maximum number of entities that can be related. Since the association. type 
. is normally based on the'primary keys of the involved entities, this information can be 
omitted in the declarations. · 

Declanitions VII and VIII d~scribe relationships whicb are substructures of another 
relationship. "Haul'' and "visit" involve detailed entities ánd are therefore subsets of the 
gerieral relationship "use". lt can be noticed that the split relationships may ha ve a more 

· restricted association type than the original one. For example, "haul" expresses that each 
trucker drives bis "own" truck. 

All declarations of split relationships use only one leve! of nesting, independent of the 
leve! of the involved detailed entities. Block IX shows as an example the relationship 
between "electrical engineer" and "car". lt is reasonable to refer only to the general 
relationship "use" beca use with this information, the path between the in volved enti'ties 
can be uniquely identified by the system. · 

The benefits of the detined DDL are that the extended modeling features are all 
consistently expressed by entities and relationships. The complexity of the declarations is 
controlled by using a hierarchical structure for entities and only one nested Íevel for 
relationship description. 

·'' 

4.2 Description wirh subschema DDL 

The. need lo pro vide the capability of declaring subschemas of the u ser schema was 
discussed earlier. In addition to allowing various users a view of reduced cornplexity and 
detail for their applications; the subschema· concept also allows for the incorporation of · 
security and integrity constraints for different classes· of au!horized users (S]. Further-

. more. at the interna! leve!. a different representation may be specified for a submodel to 
improve the performance of a particular application. 
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As suggested earlier, sorne of the conceptual transformations presented can be asso­
ciated with the derivation of submodels. We shall. now illustrate how objects can be 
derived in a subschema. representing higher·levels of abstraction than in the schema. The . 
declaration~ in the subschema have basically the same formal as in the schema Note that 
the new derived objects are visible only to the concerned users. 

The following declarations iefer to the sample database illustrated in Fig. 9 and lo the 
corresponding "company" schema. The statements do not relate to. one single_ subschema, 
but rather illustrate how various subviews can be derived. 

SUBSCHEMA VEHICLE_USAGE FROM COMPANY 

ENTITY EMPLOYEE 
FROM STATUS CLUSTER GENERALIZED TO EMPLOYEE 

ENTITY DRIVER 
FROM TRUCKER GENERALIZED TO EMPLOYEE 

ENTITY EXPERIENCED 
FROM OLD EMPLOYEE 

RELATIONSHIP USE 
FROM HAUL WITI-IIN USE 

ENTITY YOUNGSTER 
FROM· EMPLOYEE 
SELECT ID, NAME. AGE 
WHERE AGE < 22 

ENTITY MANAGER_FUNCTION 
AGGREGATED FROM BELONG RELATIONSHIP 

attribute declaratiorl 

(1) 

(11) 

~ (III) 

,., 

_ (IYl 

(V) 

(V_I) 

' ·' . 

(VII) 

Each subschema is identified by a name and a reference to its schema (block 1). The 
declarations 11 and Ji¡ describe generalized entilies according lo the two transformations 
presented in Fig. 5._Notice that "EMPLOYEE" in the first line of block 11 refers to. a 
subschema object, whereas in the second line it refers to the object declared in ··the 
schema. Declaralion IV declares an entity which is derived from.the selector substructure 
of the schema. · 

Further, by declaration V only the view of the split relationship "haul" obtained from 
the general relationship "use" is maintained in the subschema. thus in fact omitting the 
association between the other employee types and vehicle types. · 

The selection phrase, following in the sample description (block vn illustrates how a 
subview can be created for which there is no equivalen! counterpart in the scbema. 

An object dcrived as an aggregate of a relationship available in the schema is given in 
declaration VII, corresponding to the transformation shown in Fig. 6 .. In this last_ case, 
thc declara !ion also has to include the attributes which the user is interested in knowing . 
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'· REPRESfNTATION AT lilE JNTERNAL LEVEL 

· The user schema dcclarcd for a given database must be translátcd into an interna! 
-schema, in whidt actual second typcs. acl:i:ss paths. placing of records, cte. are spccifrcd. 
We ha ve optcd to use'the DllTG modcl at.thc intcrnal Jevcl bccause it inchidcs :111 thc 
nccessary featurcs 10 accomplish this task, and it also providcos a well-ddincd interface 
with the E-E-R modcl. Thus, ifwe rcstnct oursclves lo a subsct of thc DIITG modcling 
features, thc guidelines preS.:nted·. he re can be u sed eithcr by a Data 'Base Adininistrawr 
(OllA) to perform a mari'ual translation from an E-·E -R schema to a ·DIITG exccutahlc 
schema, or with slight extcnsions can he incorporatcd in an automatic translaior. 

Chcn [6] has ¡:ivcn sorne basic translation rule., for convcrting an E--R diagram into 
a Data·Structurc diagram whidt rcprcscnts thc corrcsponding DIITG <ets. Figure 10 
suminarizcs thesc rules in· a sclf-cxplanalory manncr. Jt should he added that attributcs 
of a· relationship are translatcd into dat~ liclds of the mcmbcr record type in thc case of a 
1 :m rclationship and into data Jields of the intl·rmcdiale record type in thc case of an m:n 
relalionship. 

We now shall considi:r how lo cxtend lhc.sc rules lo covcr the structures which are 
availablc in the E -E-K diagram presented earlicr. The·one considenotion we are gov· 
erncd by in choosing the corresponding interna! struclurc is to save storage spacc by 
climinaling thc redundan! informati;>n which is inhcrenl in a rnodcl reprcsenting ditfáciw 
Jcvcls of ahslraction. Accordingly, no information is duplicatcd, which is also consis.tént 
with ihc propcrty of thc E- E-K schern:a. · ·, --

The proposed tr:onslation of a gcncric hicrarchy is shown in Fig. 11. F..ach ·cluster· 
bccomes a sct lypc with lhc general cntity as owner and the dctailcd cntitíes as rncmhcrs,: 
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· Views und abllUattiOril with an cJuerldcd-enlity·-rclalionship n¡udd . . . ' - ' . . ' ' . 

-
SECRETARY 

. ENGINEER 

TRUCKER 

Fl¡. 11 . 

ut. 

According tu the DIITG sredfications [17]; mnlliple mcmber-record type• are allowable 
in a single ser type. Note, howevcr, that each ;,¡ instance has.only one mcmber instance .. 
In addition, to cnhancc the support of rriultipk vrews, i.e. to providc for faster acccss to 
the suhstructurc, a singular sct is created on the record typc corrcsporidirig to the general 
cntity. Note that this access path is also availablc for the othi:r possible clustcn declared 
on this entity. On the othcr hand, a substructure created by a selector does not introduce . 
any ncw record types. as shown in Fig. 12, but a singular sct is created for this record ' 
ly(lC. 

Let us examine in more detail why Fig. 11 is an apprnpriatc DIITG set structure for 
the ¡:eneric hicnrrchy. First we note that allowintt only a sin'gle mcmber type in· a sct 
would Íu•t ·bring us any advuntage sincc eadt si:t has· in any case only one member 
ln~tance. Annihcr pnssihle reprcsentatinn_ would be lo mergc the dctÍ1iled record typcs 
with thc general onc, thus creatin~ multiplé record types on a hi~hcr leve!. This, how•:vcr, 
is not uppropriatc ~incC it wuuld nc(.:cssitate thc crcation of a numhcr of ncw \el rypcs, 
instcad of the one wc ha ve climinated. Further, we observe that in ordcr lo retncvc an 
inst:mce of a detailed entity in a gencric hienirchy, its identilier (primary kcy) has to be 
Mpassed dnwn" from tite general entity. Thercfore, the crcation uf a sin~ular sct un the 

. detailcd rt·cord typc could mean fewerset accesses only if the majority of qucries are of a 
statisticul nature (e.g. lind average typing skill of sccrctarics). .: '·, 

Similarly, relationships involving dctailcd cntitics do not cause thc creation of adili· 
tional DllTG sets by dcfault. Thus l'ig. 13 shows how thc rclationship "VISIT" ·dcclarcd 
in the schcnm "COM PA NY" is to be realized within the existing acccss paths. lkcausc of 
thc hier:rrchic:rl acccss to dctailcd record types the same numbcr uf set acccsscs would be 
requircd for a rctrieval if an additional connection was created, -i.e. another intermcdiatc 
record.type and twn set type~. · 

In ordcr to ohtain an c•ecutahle .nctwnrk schcma, n DIIA would lwvc to spceify a 
nurnbcr (lfothcr implcmcntat'ion-oricntcd pa~amctcrs in mJdition tu rccl~rd ami sct typcs. 
The declaration of rt-cord typcs has. to he augrnentcd with a LOCATION r'.10DE and 
AREA clause lo spccify sorne information about placing and rctrieving of record• 

In the dedaiation of;seHypes, wc also ha veto includc an ORDER clause to specify 
the sequencing of member·reccird occurrcnces, a MEMUERship ci:ISS rcgarding the rules. 
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to bC followed for inscrlion/dclcrion, and fmally, a SET SELECfiON el a use ro pámit 
the auromalic selccrion of sel-occurrcnccs whcn ncccs.,ary [ 17]. Following is a parria! 
desaiplion of !he DllTG sché:ma corrcsponúing lo our sa.mple dala-base: · 

RECORD NAME IS PROJECT 
LOCATION MOJ>E IS VJA MANAGE SET 
WITJIJN COMI'ANY ARI'A 
02 ·I'ROJ 11 PIC ''I'I'N' 
02 TloLE J'JC ''X(<JI" 
02 FIELJ) I'IC "XJt>)'' 
02 TERM_OAT,E I'IC "'J<i'!W'!" 

SET NAME IS MANACiE 
OWNER JS EMPLOYEE 
ORDER JS PERMANENT SORTI'D IIY OEFINED KEYS. 

DUI'LICATI'S ARE NOT ALLOWI'D 
MEMIJER JS PROJI:CT MANDATORY MANUAL 

KEY IS ASCENDJN<i I'ROJ;;< 
SET SELECfiON JS TIIRU MANA<oE 

OWNER IOENTJFIEI) JIY CALC_KEY. · 

To facilitare un auromaric rwnslalion rhr following r.Jcfaull sreps can he f"Jiowcd, using 
only a subscl of rhc abovc mcnrioncr.J OJJTG fcarurc" 

(i) use· only onc AREA. 
(ii) for record lypcs which are only owncrs, spccify "LOCATION MODE IS CALC 

USING primary kcy", olherwise spccify "LOCATION MOOE IS VIA ser-namc". · 
(iii) use MANDATOR Y MA NLJ,\ L mcmhcr~hip. 
(iv) for.mcmbcr-recorr.J lypes which h:ivc heen dcriver.J from· corrcsponding enríries al lho 

E-E-R leve!, spccify an ORDEH clausc with membcr occurrenccs sortcd by lhc 
corresponding primary kcys; f<>r the othcr membcr-record lypes uso an IMMA-
TERIAL orderin~ clause. · · 

(v) use a SET SELECriON dausc throu~h the idenlifier of the owncr or lhrough the 
SYSTEM r.Jepenr.Jing upon thc LOCATION MODE chosen in slcp (ii). 
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This strai~hrforward ulgorithm will work ccirrectly in almos! ;,u cases, bu1 will ha ve ro ~ . .:l 
be mor.Jilicd to .. take case of siluations such as .thal in [17), where a more complc~ • 
set-selcclion clausc is ro he gc,ncrated. Í ¿ ' . :' 1 ... ,. i 
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· Vic:Yr1 and abatl~..:tiunl with ·an·C•tendcd--~ntity-relaunn•hi.p modcl . . . tSJ 

In addition to thé aulomatic lranslation proccss:.c•plaincd ahovc, it should.obviously 
be pnssihlc for thc DBA to pcrform sorne optiinizalion nf thc gcncrated nctwnrk schcma . 
in ordcr to improve its performance. Uás.;d u pon knowlcdgc of thc use of thc data ba,.;.·~ 
llie. DUA inighl want lo includc additiunal singular scts, crea te índices or allow multipk 
arcas, etc. To elimina te thc nccd fur an additíonal .translation; onc possibility is for the .. 
DiiA In cnter thcsc changcs hcfnre ttic· ;,ctual tramlation, with a spccial prcprocc>sor 
providing for this higli-lcvcl interface. 

6. SUMMARY 

Thc simplicity of the E-R modcl and its scmaniic st'ructurc, rcscmbling that of scn­
·tenccs ir~ natural languagc, makc il a suitablc dtuicc for thc t.:tlnccptual schr.:ma. provid­
ing <f ~tahk pi<.:turc nf thc inform~ttl~ln in "a givcn cnt~rpri~c. In ordér. al~o to use thc • 
rnodcl fur tl}c cxtcrnal (uscr) ~chcma wc hit ve o.;howu how its mmJcliug f~.::1turcs t:an h~.:. 
extended to supj"lort multiplc uscr vicws, i.c .. diffcrcrit lcvcl.o; of :ihst.raction. :l ht: nulion nf · 
abstractio~. hasct.l on thC <.kcomposition of ohjct:ts in a hicran:hi<..: fa~hion. ~..:an he rcprc­
scnlcd in an Extcndcd-En!ity Rclationship diagram, whilc maintaining a graphical re pro-. 
sentation of managcablc t:ornplcx.ity. Thc con<..:cptual transformations, which allow for 
moré ~ur rcwcr dctaits or informatiOn tu he ·availablc, t:an be associatco wíth cithcr­
cxternal schcrna or externa! suhs<.:hcrria dcdarátions. Thc d;ua dcfinition languagc pro­
posed makcs u~c uf thc implif..·¡t hicran.:hic.:al stnu.:ture of cntitics !o <~thicvc ··c.:on<.:i:;C 

. dccl:irations, with ;mly onc lcvcl of ncsting. Fintilly, wc ha ve shown how thc E· E-R. 
schcma can. he translaicd into an interna! st:hcma. bY rCstri<.:ting our:;clvcs to. a subsct of 
thc iilodcling fcaturcs in a DBT<i-likc systcní'.' This prcscnts the advantarc lhal c;>Sual 
uscrs co.m cxprcss qucrics· in a languaKC el use lo English ba~ct.J on th~ E J: R modcl. a)Hj 
thc~ are ,ll~cn lranslatcd into a sec.tuence uf calls lo navigalional prot.:cdun.:s. av.ailabJc' in 
án existin¡: DIITU systcm. · . · . . . . e' · 
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· TESTING AND VERIFICATION ASPECTS ()F 
PASCAL-LIKE LANGUAGES 
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. Ab!ltrut-···Thill puper.¡¡JdrU!'IC'!I ól!'lr'JtClS of rro~ramming langllaJI.C de,i~n lhut llffccl lhe c:a-u: wilh 
whit:h" prugram"s .wriucn •.n.a lungua¡~e can hc .... ubjccletl tu ~)''ilemalic le"ollnl( ;md/ur prugrúm 
verilit:oüinn. Thc: discu'\'IIUII fucmon uf fia\l:al and un ~vera! lany:uaMC' lhal halle hccn tlcriw:d 
primurily frum PaM.:al. puruc:ularly Eu~.:IIJ and PLAIN. Spcc1lii.: lant(UIIKC 1vmes. adllres'it:d 
includc tran\laliun-timc L"htdinl(. flfUl(fUIIl rcatlabilily, nnw of Cunlrul. !oU(")flOrl fúr prn¡.:u¡m" 
moduhmly, dala tlnw. amJ prnKram •mmutatulily. Thc relali'IC ca~ uf 'lalidahng :<o_ut:h.flrHJ(rams 
i• lhcn "dclcrmmed by thc \l}'ic m whi~.:h the pruKr:1m!'l urc wrillen. rhc papcr prc~nls ~n·m"e 
sui,d_cliñcs [ur _wriling prugram11 m t•a.cui-Jikc languagcs for IC!!l:.&bility ant.l vcnliabihtj". 

Proarummina banauagca Tcslin¡ Vcriflcatioñ Pu1cal Type check in·¡' PrO~ramming style 
Aliaslna 

l. INTRODUCTION 

A MAJOR thcme in curre ni soflwarc cngincering. rcscarch, and dcvclopmcnl is soflware 
reliability. ·Onc kcy aspccl of this arca focuscs upon lcchni4ues for. dclcrminin~ Jhe 
corrcclncss of prcw.rams, i.e. lhe exlenl io which lhcy salisfy lhcir spccJhcations. eithci 
lhwuy,h lcsling <ir vcrific:nion. Tcslin~ is a collcclion of activilics lha(prnvidcs a pracli· 

·cul dcmonStratiun uf conformity hctwrcn thc progr:un and thc spccificatiun, hascd u pon 
s)'stcmatic sdcction nf test cases. c:_xccl!tion uf progr::un patÚs and ~c~mcnts." and l~lf~rcn~.:c 
bascd uptin lcsl rcsulls. Vcrificalion is a formal malhcmalical pwof. lhai lhc rr.<Íg'ram 
confurms to its spccili~ation. · · 

8oth nf lhcsc appro:ochcs lwvc mel wilh sume succcss. Tcsling 1cchni4ucs succcssfully 
uncoveréd.l:orgc numbcrs of program crrors Jhal could he lixcd on a onc-hy-onc oasis; 
the vas1 majorily of uscful programs in cxiSicncc today ·wcrc dcvclnpcd in this m:Ín· . 
ner [1]. M <>re rcccnlly. aulornaJcd lnols for lcsting ha ve hccn dcvclopcd, providing cn­
virunmcnts for tcsting individual moduiCs und for systcmatil:ally cxc~.:uting thc .various 
·paths of u program symholictlly [2. 3]. Work has pro~rcsscd toward dcvclop1ng, a thcor­
elical hasis for testing, 10 cornplcrncnt lhc more pragrnatic tcdmiqucs of Jhc pasl [ 4, 5]. 
Progr;uÍJ vcrilication tcchniqucs ha ve cmnc into pr;u.::ticc more slowly. lt is fair to· ~ay 
lhnt thc higgcst impa~.:t uf Vl'rilk:atíon has hecn thc r<'l'OUtJitimr that onc mighl want :to 
vcrify a program. rathl'f than actual program proofs. . · 

Thcrc· nrc indi~ations that work in vcrilication arid lcsting are im:rcasingly ovcrlar· 
.ping. Son_lc of-thc symholic cxccutiun systcms. for cxamplc, wcrc dcvclüpcd by grmips 
witl~ a proft:sscd -intcrcst in ·formal proofs uf programs. lndced, it has bccn suggcstcd that 
futurc dcrnonstrations of prngram cnrrcctncss will draw on hoth tcchnit.tucs nf tcstirlg 
and vcrificatit>n f6l Accurdingly, lhc lcrm "validaJion" wiU he uscd in lhis papcr lo rcfcr 
to both thc tcsting·and thc vcrilicatiun approachcs tu dct~rmination.of program corrcct­
ness. 

Program validaliun is cxlrcmcly dcpcndcnl ;IJlOII oJhcr sla~cs of thc software 'tÍcvclop­
incnl lifc cyclc. For cx:lmplc. il is CXIrcmcly dilliculllo provc anyÍhing aboul a·prugram 
in thc ubscncc of a prcc:isc. unambigutHIS stah:mcnl .uf what ·¡, is tn do .. an. obsCrvatinn 
thal has lcd lo cxtcnsivc wnrk in lhc arca uf formal · spccifications [7 .. 9]. Similarly, 
considcá1hlc altcntion h~1s hccn givcn to programming lan~uagc dcsign and tu·program­
ming mcthodolo~y. siru.:c tite strul:turc ami use llf pÍ"~>gramming l<tnguagcs ·dctcrrriíncs (he 

.easc with whi~,;h validati1m l.'an bc.carricd out.· 
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. ABSTRACT 

A method for deftntng the conceptual .sche!!Ía of 
databa.ses is cU.scu.ssed wt thin the framework of the 
€iH Ent~ ty-Re la ti on .shi.p) model. -Anal yzin& thP. 

· :semantic aspects of the ER .schema based on the 
· notion's such as the normalization. the 
generalization, the 1nstant!ation, and the 
tyPifiC:atiOn, the 1h1tl31 .schema can be reftned to 
haVe more natüral ·and clearer mea!li!"lgSo We further 
Íl!'lalyn' the processing requHements for . the 
{!aubaae and rormallze them into the transaction 

.. descrip_tions which reflect the bel"'avior'at 
p!"oper-ties on · the databueo F.'rom :.he sP.t of the 
transaction _descriptions, the distdbution of 
transaction workloilds on the :htabase is easi ly 
predicted, 

-,o Introduction 

'n;e objective of the loStcal design of data':lese:s is 
··to construct a conceptual detabase that ts an 
'~bstrac'tioP\ or 8 physical database. The ·formal 
d.esCription of a conceptua".. database · is a 

· ccmceptual · schemao It is represented he re wi thi n 
the framewo'rk of Chen's_ ER(Entity-Relation'ship) 
model(2J. 

F.lrst of all the conceptual schm:~a should eorrectly 
rttrleet tnfonnation structural requirements for the 
d8tabaSe. The entitie_s and the relationships among 
C.he entities sho_uld be represented in it so that 
anyone can understand the meanings of the 
information structure in e clear and natural wayo 

h•rthermore, in order to maintain th·e integri_ty in 
various appltcationa environments, it ts· M&hly 

· d~sirable to describe the behavioral propertie.s 
· 1..nder. the processtng of tran.sacttons Which request. 

query 'and/or update operations. on the d3tabaseo 
~&nto~Neuhold-Furtado[7) ' and. 
Sc:,eiJt!rinann-Schi ffner-Webert ~] tnve'sttgated· the 
~haracteristies of ex istence · and oper-3tional 
constr.ainta in the ER model. From the practic:Jl_ 
point ~ of vtew, however., tt 1s more useful that 
t~ese ·-co~Str,a'int

1

s are'· directly · rertected in the 
d~scriptiOn of query and update ~equests ,tO the 
database. 
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tn this article, we propase a móre systematic 
method for destgning the conceptual Schema outÚned 
below. 

(1) Refine the ini_tial 
notions such 
generalizatiol'l, 
ty;:'lfication. 

as 
the 

-·'· 
schema acco!-ding _,to 't"hose 
the no:--r~aliz.atior,, the 
instantiation, 'anj 1 the 

· (2) formalize the query and update requests ln the_ 
form · or the traOsaction de-sc~ipt.ions •.. and · 
eval'J3te. quantitatively the workload 
dist:--ibution which th!!' transacti;::,n-!1 inlpOse c;n, 
the .c~nsceptual jllta':las:. ,,. 

2. · The €R Model and the t:R ;,.!asram 

In the ER model; infor.nation i's repre.!~ntej using 
three conceptual elements : entittes·.: relaúOilsh~pS 
among entities, and values. The· s-.t- or 'si:n.ilar 
entities, similar relationships, and similar ~alues 
in certain contex~s are calleO an r se_t_, an R_.set, 
and a V set re:spectively[2.3,~L' 

An ·E se~ is described in ·the rorm ·E(A.1/V1, A2/V2, 
... •.• An/Vn), wh'ere E is a name' of the E set, Ai/Vi 
( 1 = 1,2, .. o,n) is an attribute/V .set pairo -T·he 
att'ribÜte Al is a property . of an E set, and is · 
derined as a function from E into the- V set- '-li. 
When X e { A 1, A2,_ o o o, Ak} ·i:s a minimal se_t 9f 
attrtbutes whtch gives a one-.to-one mapvtng from ~ 
into the 'car-:.esian product V1 x V2 'x • •.• x 'vk, w-e 
call. X an ·tdentifier of E. The descriptton of.·an E 
set is :Si!nply d~noted E(Al, A2 ..... A.k, Ak:t"1:, .•. , 
Al1) in which · the identifier: is underscoredo U 
there exist more than one id<!ntifier, we 
arbitrarily s~lect one 3nd underscore ito 

An R set. is a. set to ~el8te . severál (not 
necessar11y distinct) E sets ·E1, E2, . o~, [!n:. It 
is a set of tuples (e1,, e2; ···oo, em) of mu~ually 
relat.ed ent1ties el of,Ei (i: 1,2, . .-o,m>. ,:An R 
Set is described in··the ronn R(E1/t.l, E2/L2,·.o:, 
Em/Lm ·A1'/V1, A2/V2, •••• An/Vn). Risa na:':'l.e of 
the 'R st!t' •. Eii:Li 0 .. :: 1,2,o.'~,m) is ~n E:_set/"'ol~ 
pair· ··where ti is a·!1ame of th'e role t!"1at El plJy:! 
in I\. An R set may have attrEJ•Jte/V se-t- pan:! 
A.J/Vj (j :· 1,2, ... ,n). toó. (_In 'this .:-a'~· the 

'· ,·., 
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attribute ·Aj ·,ts a function from R t.nto Vj. The 
'lr.~.ole version of the R set de:~criptton is derioted 
R(E1. E2t ••• ,. F.m .: Al, A2, ••• , AnL 

T~.e ER model. ts' constructed as a set of E sets and 
R. sets,, ·8nd is illustr-ated in the ER diagram, in 
whieh thb ! set and the R set are represented.by 
re~tansulár- and dtamond-shaped boxes respectively 
a.s will ap"pe~r. in the exlll1ples, 

EXt:~fllple -1 : the AIRL!NE databose-(1} 

Consider the conceptual schema shown in Figu~e 1, 
wh~ch · is constructed of E sets FLIC~T. P-SSENGER, 
and FD~!E, and R sets RESEHVE and AV~ILABLE. The R 
set RESERVE represents the fact that a FLIG~T on a 
cP.rtain date (FDATE) ha!! been reser·.¡ed by a 
PAS3E~GER. .ni.e R set AV4.1LA8LE has an attr!bute to 
indi~ate the :"lunber of availabte seats ot' a FLIGHT 
on a speeific date. The formal description orE 
3er,_, -1nd R ~ets are given below. 

.·¡·r,';ssbGERI--CRESERVE FLIGHT 

. ,. 

\_•' !-'DATS 

.·:"\·. 

Figure 1 ER ·oi~~ram of t~lC AIRLlNE 
Dat.:J.b.:ls~ ( Íl. 

(E zet.sl 

PA.SSENGER{NAME, ADDRt;:3S, ?HONE) 

I:'UVHT(FLTr1, SOURCE, DE3T 1 DEP-T!ME. ARR-T!~E. 
PiJ:ÑE.:_TYP~, SEAT-r.AP~C[TY) 

R_E:1ZRVE (P.'\SSE~·::ER 1 FL !G!lT, FDATE : ~0-'JF -SEATS) 

AV~ILABLE(fLIGHT, FDATE : NO..(Jf-SEAT,;-AVA!LABLE) 

rhe tntti31 conCt!l'v_I.J;¡l schema of the ER model is 
IJ:SL'&lly :"!esi~n~d •.:\i'"'CJIJqh t.h"! .''!:teps : (1) Recogntze 
~ 3\!t:J and R ;l!t:s .Jf lnt~r,!lt : Cn DetP.rmine V 
3et3 and att;~~~Jt~s for" the E sets and R sets ; {3) 
Ora• tt;e ER Jiai(r:nn. 

In the initial design, the recogniÜon. ·or É sets 
and R sets highly depends on the designeÍ"' s· 
in tui tion. HoweVer, by . añatyzing the iriithl 
schema from viewpoints or several n.otions SU!=I:'t a_s 
the normalization, the. generalization, the 
insta~tiation, and the'typif1cation. it is'possible 
to refine the schema so that tt carries the rich&f 
and the clearer meanings. ' . 
( 1) The Normal! zation 

This notion is similar to the normalizatton in the 
relational model, and is defined by the following 
sentence '"Th.e conceptual sChema in the ER modiü 
is said normalized if, for any E set E or R set R, 
(a) the attr'!.butes not included in the identifier 
of E or R are not functionally dependent on each 
other. and ( b) they are fully functionally 
de~ndent on the identifier of E or R." The concept 
of the ·run'ctional dependency and the full 
runctional dependency between -the s·et\ : or 
attributes in E or R are defined as those· b'i:!tWeen 
the V sets or the Cartesian products: oC V .~ets 
assoctated wi.th the attributes •.. rn . the 
nor:nallzati.on of an R set R, we· .. ·t.ake" for. ttle· 
identtrier of R the set of identi!',ie.rs ~r the 'E 
sets •.mi eh are related to each other b-y~ R:·;-.. · ; · 

The nomalization ;Jrocess of the ER model is 
discussed in (4] and [-51. 

Example "2 the AIRL!~E database (2) 

tn the E set FLIGH1" in the AIRL!NE database ( 1 )·, 
the attribute SEAT-CAPACtT't is ,funCtiorlally 
dep~ndent not only on the attribute FÍ..Tii~ .b.ut also 
on the attribute PLANE-TYPI::. We can normaiize. the 
conceptual schema by replacing FttGHT with __ the. new 

.E sets F"L!GHT and PLANE, and the R set ASS!G~ as 
follows. The normalized schema is iltu'st~at"ed. in 
Figure. 2. 

PASSENGER FLIGHT 

ER Diagram_of the .AIRLINE 
Database (2). 

---·-- _.._ -~-- --· --- ~-·-- ~---~--·---· -·--·-·----·--------- -- ----------·--- ---·-----·-----·~· -~------ --- -~ -------~----·-··-
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... 

FLIGHT{f1.TI ,. SOURCE, DEST, DEP-TIME, ARR-TIME) .. -.-­: --'· .... 
PLANE~PLANE-TYPE, SEAT-CAPAC!TY) .-; 

;·. 1. 

[R. iletsl 

AÍÍS,ÍCN C ~LIGHT, .. - . ~- . 
PLANE) 

(2).':_-The Generalizatton and the SptÍ:ial1zation 

The not1on or the .generali2at1on. introduced by 
Smith-Sm"tth[ 10] in the relational model can al so be 
appÚed to the ER model[9J. .. 
ThE! gerieralization is an absth>ction whieh enabl.P.s 
the elass cf. indiVidual E set:: un::le .. a certain 
c:atesory to . be thougtit or gener3ll y as a singl ~ E 
set~ . Conversely the spec1alization 1:! a 
pBritdoning 'of a single E st'!t into several 

·. ~isjoint E sets under a eel"'tain category. In the 
ER ·dt8Srarn, as iÚustrated in Figure 3. categories 
_a_r~,,-,.r~pe~esented by.ovals,, and tt1e generaltzation 
is .. tnd icated by an arrow froo an oval to the E set 
that i~ generalized. 

... 
. '. ~ . 

'· 

. ?,!' ' 
·< 

. V\-' .. ·· ; . ~ ' 
·:..>·:'. 

··f} 
·.Figure 3 
~· ... 

· .. • 
Example 3 

,STEWARDESS ,. 

... 
ER ·Diagram Repr'escntin~ 
the Generalization: 1 

An E Set EMPLOYEE is derined as a generalhation •:Jf 
E seto P!LOT, STEWARDESS, and OPERATOR "1n the 
airline eompany under the category JOB-CLASS. This 
ract· is illustrated in Figure 3. Eaeh E set thot 
is a· spee1al1zat1on of the gener1e one has the 

. ettributes inherited from the E set EHPl.OYt:E. 
coex~~tently with its proper attributes. 

(3) The Instantiation 

Suppose that 
re.látionships 
E. the aet 

two 
!n 

R/eQ 

E sets E and 
an· R ·set R. 

• { {eO,r> ·¡ 

F have many-to-many 
for an entity eO of 
fEf, (e0,(){ R} ts 

227. 

.·. ..· .. 

said the 'tnstance set .of eO by F Wi.th re:5:pect to R. 
The 1nstant1at1on of the E ·.Set E i_s á _·procedure:· 
whi~h treats R/eO as the ins"tanee. of to, by taking 
R for an E set. The notion of the-instantiation ts· 
párticularly useful." when ! F is an E set 
representtng time ractors and it ts cor1Ylmient to· 
tf-eat "entities (eO,rn; <eO •. f2)·, · ... , (eO,t"k) 
(fiE: F> . as the time series instanCes ot an er\tity 
eO of E. ., 

The rollo~in& 1.5 the f"ormal .prcc:edure. ·ror the: 
instantiation. 

(1) When we take an element r or R.for·a~ entity, 
· we de:'lote· 1 t r:•. As a set or· these foms, we 

can define an E se t. R• : { r 1 1 rf R}. Let. X 
and Y be the identifiers.of E.sets E ~nd ~ 
respectively, and Z be the ·set 'or attributt:3 
of iÍn R set R. Then R• has .attributes X'. Y', 
and z•, where, for ¡. = (e,f} of R, X1 (r•:. 
Y'{r1 ), and Z*(r') take the values X(e), Y(f), . 
and Z( r) respec:tively. · ·.;.· .. 

( 11) The E sets E and R1 are ri:dated i.o'· e3ch >~ther· 
by an R set 1NST,\NCE-0F'-E. ThiS !f'se't relates 
an en ti ty eO of E to i ts in!t3~n~é'siá. ·by F' oJf 
R1 , namely to the set {r' l. rE i:fl.f-OJ'::·. 

'·" • • • ~ .1- ' 

We eall. the E set R' the.instánee set of E by F 
with respe_et to R. t .• • 

:,.t:' 
,·;1 . 

···' 

Figure 4 

·, ' ' 

'· 

ÜPEN-FL¡,GWI'. 

ER Diagra~ of the AIRLINE 
Database (3). 

Example ~ : the AIRLINE database.(J) 

We . apply the 1nstantiation to the R set 
AVAILABLE{FL:::;HT, FDATE : NO..OF-SEATS-AVAILABLE) in, 
the AIRLINE database(2), Namely, we define the· 
instence set or FLICHT by FDATE with reSpect to· 
AIJAILABLE. The R set A\'AILABLE .is"r"eplaced with 
the new E set · OP!.N-FLIG'-IT(F'I ... U: Do\'!'::: •. 
NO..J)F-<:;EATS-AVAii..ABLEl which i:~o rel8ted t.o FLI·J~T 

by the R set INSTANCE-Of-F'l.!GHT. A~ ~he E !'le~ 
F'OATE is included as an attribute in OPEN-FL!S'YT, 

l
. ·"i .,., 
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.. 
we can . delete FO~TE from the sehema. Next we 
reoerlne the R >et RESERVE(P4SSENGER, OPEN-FLIG~T : 
NO...:!F..SEATS) relat\ng PASSENGER to OPEN-FL!G~T.· A> 
Figure q shows, the conceptual schema· 1s rertned to 
ha~ e more ·natural meantngs. 
Examrle 5 

The notlon ·;,of . the 1nstant1at1on 1s applt.cabte to 
the o aSe· Where· an E set re"presenting time faCtof-s 
do es not 8x ist. In the schema of Figure 5, the R 
sttt ~RKET stands for the "sell/sold" relationshlp 
btt:.ween E ,séts SUPPLIER and PART, whlle the R set 
BUY represents that a PROJECT buys a PART from· a 
SI.JPPl..tER. ·- In order that the element of BUY ex lsts, 
th!i!re. rftust. _ex 1st an element of MARKET 1nclud1ng 
re\~vant elements or SUPPLtER and PART. 

F'ror.J the· ract· that the R set MARKET 1s a 
many-to-m.any relat1onsh1p between SUPPLTER and 
PART, we define the 1nstance set of SUPPLER by PART 
end the 1nstance set of PART by SUPPLTER w1th 
respect to HARKET respecttVely. 

'Ve ·thus obtain the schema shown in Figure 6. where 
PROJFCT 1s· related to the redefined E ·set MARKET by 
the- '¡·edetirled: R set BUY. Through this refinement, 

.tha · exist'ence :dePendency of BUY on MARKET 1s 
illü!!itrated in the ER diagrarn in a self-explanatory 
wa;•. 

·•. 

·.-• 

.;. 

PROJECT 

Figure S ; ER Diaqram of SUPPLIER­
PROJECT-PART (1). 

(ij) ·-The Typ1f1eation 

Suppose an E set ls classified into·several groups 
under a certatn cat~gory: The typ1f1cation is a 
procl:"dure to de:fine an E 3~t the el~ent of which 
hold!t infonnatton Jbout the types of eaeh group of 
E. ir.e fonnal procl!dure 1!1 expres.sed as follows. 

(l)· Let an E set 
.subsets E1, E2, 
could . obey 
in:stanttatiorl~ 
.::ateiJOries. 

E be dassirted lnto di:sjoint 
F.k. thls ~lasstflcati~n 

the !pect..1ltzat1on, the 
or any ?ther not1ons of 

'- .. 

SUPPLIER 

Figure 6 

·PART 

PROJECT 

.... ..-·. 

ER Diaqram of SUPPLIER­
PROJECT-PART (2). 

.. ·. 

· .. 

( l 1) Define an E Set E = { ei 1 i = 1 ~2·.··.~. ~:~"~}:~~-ere 
the ent1ty "ei represents the tYpe or.· ea"c'h E 
.:~et Et.· ei is an entity with Properties 
which are common to or derivable from all the . 
elements of E-1. 

( iiU Link E and E by an R set TYPt-OF-E. This R 
set relates each "éi to all the elements of 
El. 

Example 5 

tn Exam.ple 3, the. E set EMPLOYEE was clas:51fied • by 
the spectal1zat1on, into the E sets PILOT, 
STEWARDESS, and OPERAT'JR. As a typi fi.cat1on of the ... 
three E sets, we define the following E set 
EMP-TYPE. 

EMP-TYPE(TYPE-10, JOS-DESCR!PT!ON, N0-1F-,MP, 
MAX-SALARY, M!~-SALARY, AVERAGE-~GE). 

The E set EMP-TYPE conststs or three entities 
r.epresenttng the types of E sets PtlOT, STEWARDESS, 
and OPERATOR respect.ively~ 

Example 7 ) ' 

In the ATRLTNE databa.se· (3), the E set OP~N-FLTG~T 
is classiried into groups su~h that element:s wi.th_ 
the same value of FLTI belong to the same group. 
We ~an -define the followi_ng E set FLT-RECORD as a 
typification or those groups. 

FLT-RECORO(FLTf, AVERAC.E-~0-QF-PASSENGERS, 
T0T'L-3ALES, AVERAGE-COST-QF-FUEL). 

on the other hand, the.E set FLIÓHT could also be 
seen as a typl ficatton o( the same groups ·as above • 

22S . 
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· We can.· look up<)n Ft!GHT-RECORD and FLIGHT as two 
difi'erenÍ.. typ1f1cat1ons or lhe same aroups of 
OPEN-FLIGHT. one havtng dynamic properties while 
the cothe"r h.aving stattc pro~rties. In. some 
s1tuat1ons, 1 t would be convenient lo combine them 
into· a· stn&le E set. However, the. meanings or 
tyPea beoome olearer by treating them aa separate E 

:Seta o 

4. Transaotton Analysis 

A databaSe varies with time. The semantic rules or 
changes ere generally deseribed in terma of 
1ntegr1ty constraints. Among other thin~s. the 
existence and operational constraints are essential 
faotors to determine the behavioral properties on a 
database (1,-7]. From p.-actical vtewpoints, ·it is 
dest.-able that these conStraints a.-e reflected 
directly in the desc.-iptions of que.-y and update 
reQúeSts lo a database. ,. 
For thh. purpose, we fonnalize query and update 
requests ~ in· the fonn of the transaction 
descriptions. By tht3 means, the charaeteristics 
of . transactions such · as types, precedences, and 
prO~agattons of operations on the databa!e are made 
clearer and more understandable. Furthermore, the 
transaction descriptions provide effective rules to 
measure the "workloads on E sets and R sets imposed 
by the set of transaotions. 

The AIRLt~E databa.se (3) .in Example ti will often be 
reterred .to in this section. 

• <·. 

tl·;·l tr8n.saction Descriptions 
'• ,. ~ 

Query .-and update requests toa database·are called 
tran-sacttons. .A transaction which .reters to at 
most one R set on it! access path is said a simple 
transaction_. Any transaction T 1s decomposed into 
a aequence of simple transactions Sl, 52,· .••• and 

.Sn, We write this fact T = Sl 52 • •.• Sn. 

A simple transaction 1s described in either the 
primary or the sécondary form. 

( 1 ). the: primar y. tonn ·s s op( U). 

In thts torm. o~ and U are the type and the object 
of · operations respectively. The ronn of op ls any 
of the codea_ m. cr(ereate), del(dehte}, and 
moéi<modify) •. The prtmar,y rorm has the following 
runction'al mearÍings depending on the op types. 

(a) . S = m<E). 

E is a· narne or an E set • This forrn represents an 
operation to retrleve the subset or E whlch 
sat1Sfies a specific condltion on attributes of E. 

(b) ·,S: J!!:(E) 

'' 

.,_. ... ' 

E is .'a name of an E set .- This tom répresents an 
operation · to.add an entitY or a set of entities to 
E. 

•In the· primary fonn of (a) ·or (b), the subset o·r 
entitieS which are retrieved from·or added toE ·are 
called the object space of S, ·and · denoted .§_. 

(e) S .• del~~·). or S= mod(2_'·). 

Thls torm stands for an operation to•delete or 
modify the object space S' or a simpl~ transaction 
S'. S' could be an objeet space of" the secondai-y 
rOrm "to. be dertned 18ter. In this ca·se,· ~·· is a 
subset of an E set or an R set. 

Example g 

Let Ta be the uPdate transaction stating, "Reduce 
the NO-OF-SEAT$-AVAllABLE of 'Jl001 1 on 'October 
10.' to tero."· 

Then Ta .is described in the forrñ 
ll .-'·. '. 

Ta = Sa1 Sa2 

where Sa1 : ~(0PEN-FLIGHT), a_i"id 'Sa2 : -~odc.sá1) •· 

(2) the secondary form : 

S : 22_ 52 • , • • • S k ( R) op(U). 

• .,, 1 ~ 

ln this ror.n. op and u represen t.! the type .·and the 
object of opef.ations. The code'··fcr ·op· iS.'either 
!.!! or ~· Si (i = 1,2: •.• ¡k) .iS; the.'SimPle 
transaetion which shoulC have been executed·berore 
S, and §.lis its object space. R i!! a na~e of the 
R .set. to be referred to. Si itself could.be a 
secondary form. In such a case, the object srace 
Si also represents the set ?f-~~ements,which have 
been re~rieved or created by the:s,im~le transaction 
SI. 

The meaning or the ~econdary form i.s as folfows. 

(a) S = 22_ g ..... ~(R) : m<u> .. 

U is a name of an E·set or an R set. The object of 
this operation is the E set U which is related to 
51 , S2, ••• , and S k by R, or the R set U : R which 
Iñclude.s S1, 52, -:-:-., and··sk as parheipants in R. 
Haking refereñCe to R, the subset of U which 

.sa.tisfies a specific condition on attl"ibutes of U 
i.s .-etrieved by this operátion. 

(b) S • 22_ 2_ •.••• ~(R) : J!!:(R). 

The effect o-f this fonn is to ·gerle.-ate a 
relat~onship ora set of relationships whic~_relate. 
!!_, S2, and Sk in ter:ms-or Á, and add it" to R. 

Example 9 

Conside~ the reconf1rmation transaetion ·Tb stating, 
"Reconfinn· t:h8· reservation .status of 'JL001' on 
'Oeeembe.- 10 1 ror PASSENGER 'A'." TM.:~ trans8ctton 
require.s to . reúteve the relevant entiÚes fror.s 
PA.SSENGER and OPEN-FLIGHT respeetiye_ly, ~nd 

,, 
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r~tr i~ve .the. rela~·ionshl'p of .RESERVE whic~h .rll!late:J 
t.hem. Thus wt; have the following description: 

Tb = Sbl Sb2 Sblo 

The three simple. transa~t1ons are given by 

Sbl •·lli(PASSENGER) o 
Sb2 ,i.,S!!!(OPEN-FLIGHT) 
~bl • lli Sb2(RESERVE) m< RESERVE). 

Example 10 · 
'¡ 

·.··-

Lit· Te be the r-eservation 
st&t1n8. 1ÍRe;erve 1 A.F0.03 ~ 
~'A.SS.ENGER .'8' ." 

·request ti-ansaction 
on 'November 3' ror 

Th'<f· transaction Te :Jhould ;be proces!ed according to 
the. proced~rf! 

( 1~ · searCh rOr NO..fJF -~EAT~-· VA ILABLE ln 
OP~N-~t.!GHT, 

(10 ·Ir the ·seats are av:ülable, add 'B' to 
·PASSENGERo 

• ·: < -~: 

(111) .o\dd a.retation:ship rel'lti'n'l the enttty '9' of 
?Ass;::lGER .W'ith the '.!ntlty or 0PE~-FLtGHT to 
RES~RVE. 

(iv) Mod1fy .(i.e. re1uce by one in general) 
~0-0F-SEATS-AVAILABLE of QP,~-FLIGHTo 

We ha'le the followtn~ de3eriptions 

-re = Se 1 
1

}C2 Se] Se4 

wh·Ú·e-'thé S'tmple transactions are g1ven by 

Se 1 :z iliC'1PEN-FLIGHT) 
Se? : cr(PASSENGER) 
Sol • 'Se l. Sc2(RESE~VE) 
Sc4 :2 mod( ~), 

J:.!:( RESERVE) 

L~t Td be 
"Cancel all 
'':' .·i 

the cancetlation tr~nsaction ~tattnq, 
the re~ervations made by PASSENGER 

Thts transl!cti.on ~hould be· processed accorr:11ng to 
the·rciiowtng procedure, 

(t) netri~ve PASS~NGER 'C', 

(11) ~etrteve_all the entlties or·oPgN-~LtC~T that 
were re~erved for PAS3ENGER 'C'. 

( p.i) Retr1~ve • the retattonships or RESERVE 
relating 'C' and the ent1ties of OPEN-FUG~T· 
retri~ved in ( 11). and, 

( iv) Oelete the~e rel:JÚ~nship~~ 

(v) tlodlfy (l.eo 
OPEN-FL[GijT o 

ralse) NO-oF-SEATS-AVAILABLE of 

'.·, 

lJO 

:e: ....... ~p-;« 
. ¡' 

. ... 

(vi) De'tet;.e 'c.•· rrom PASS.ENGER. 

The tr80sact1<?n desoriptio_n or td ·ts : ·. 

Td = Sd1 .Sd2 SdJ Sdq Sd5 Sd5 
. :• . . 

· where the sinlple .trans'act1ons are"given by 

Sdl ' J!!(PASSENGER) 
Sd2 - ~(RESERVE) :, lli(OPEN-F,LIGHT) 
SdJ , Sdl Sd2(RESERVE).: m< RESERVE) 
Sdq ' del(Sd3) 
Sd5 ' mod(Sd2l 
Sd6 ' del(Sd1) o 

. ::. 

.: . . 

. . ~ .. 

',.. 

Suppo~e the transaction T · is de~Omposed intO a 
:sequence or simple transactions: rr each or the: 
simple . transactions ln this sequence· 1.s o f. type 
!.!.!:· then we· !!ay T {., a qUery tran:sact1Ón. tf a· 
simple transaotio"n or operation type other than ~ 
is. included 1n the sequence, we .say T is an. update 
transaction. tn the conceptual schema ctes~~n of 
databases, tt is rieither necessary nor po~sibte to 
.prepare detailed de:scriptions of transactions. The· 
transaet1on description · mentioned above provides 
sufficient infor.nation on t.he behavioral ;>roper-ties. 
or the conceptual .schema. · 

U.2 Tr:msact1on Workload5 

·Tr~nsacÚons . 1m. pose workloa'ds on the database. 'l#e 
can cons11er that the workload of a transaction is 
distributed ctnong E :sets and R set:s. Fr-om the· 
transaction descriptions, the wor-kload distribution· · 
can be_ determined qua~titatl'lely. 

Suppose the transact!on T 1s described ,irl'"'the for"fld 
•• ·! .. 

. .- .:· 
., -

T = S 1 S2 Sn 
··" 

The· workload of 
facto~"S. 

T depends on the follówi.!lg tlireé .. 

(() The . complexity of T, representinq· the 
complexity or the process to be executed. 
For this measure, we use the length cif the 
transaction, t ,e. the ntznber n of t.he simple 
transactions in the transaction description •. 

( 11) The vol une of T, the meá:sure or which 1.s gtve·n 
by the f'requency f or T that occurs p~r unit 
or time. 

(tii) The re~ponstveness of T. or the response time 
required for T. For this :neasure, we use the 
quant1ty r which t3kes high values aS the 
respo~se time requirement gets severe. 

Now we define the workload of T, den6ted L(T), as 

tCT) = n x ~ x .r: 
We assume L(T) is 
simple transactions 

uniformly divided arnon~ the 
51, 52, •••• and sn. As.the'. 

_,., ... . •f 

. ! 

.•; 

'•o 

' . 
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·objec·t · of each Si operation.i~ an E s~·t,· an R .set, 
or. a subs~t of them, we·can define the tran5action 

'workl'oad tmPo~ed, on·. E sets .and R set.s· as folloWs. 

. (~~ · ,_:For a ptimary fonn Si 
~-set or an R sét, 
denote;d w( ~,SU , 15 
f. 

= · op( U} o where U 1:5 an E · · 
the workload of Si ·on U, 
defined as W_(U,S1) : r x 

(b) ; For a secondarY fona Si =!!...!. ~ •••• Sik(R) 
: ~·op(U), whe're U stands for an E set or-in R 

; _set, the workload of Si on U under· the 
referenee to R, denoted w(U/R,. Si), is defined 
as w(U(R, Si)'= r x·f. 

(e)· The total workload on U, denoted W(U), h 
defined as the sum of quantities ·w(U, Si) for 

-. all primary forms Si's w!'lich operate on U. In 
·the same way, we define the total wokload on U 

· . under the reference to R, r::lenot"'!d W( U/R), as 
the sum of c¡uantities.w(U/R, SU for all the 

_·secor'!dary forms $1' :S Whlch ope:-ate on 1J under 
·- the ·reference to R. 

''¡'h·~~,- set •'o( W(U) and W(U_/R) for all U's Se:ves for 
~le3rlY un1erstandin&. and evaluating the 
d.iStr.i"bÜt ion of the trans;:~ction work!oads on the 

: 7 
_con7eptua} dat~base. , 

Example 12 

L-et us cons!der the. di.stribution or transaction 
workloads on the AIRLINE database (3) imposed by 
tran"sactions Tb, Te, and Td in the preVious 
examples. We assume ·the .responsiveriesS Of thé 
three types of transactionS 1.s . u:"tiforin ( for 
example, all a·r them are on-line transactions), and 
put r = 1 for each transaction. As .for the vollJ"l"le 
of the transaction.s, w~ assume t_he .freqi.lencie.s of 
Tb, Te, and Td are 30, 50, and ·5(thousa~;i 
transacttons ·per day) respectively, b Tb,_ Te, and 
Td ha ve been decomposed into ·3, 4, and S simple 
transactions respectively, we have by def1~itian 
LCTbl : 90, L(Tcl = 200, and J.(Tj) : 30. 

The distribut10n Of the transacÚon wo-~kloads en 
the AIRLI~H: d"atabase (3} fs shown in Figure 7. !he 
total workloads. on each E set and ~ s~t are, as 
listed in the bottom line of Figure 7, W(PAS5F.NGER) 
: 90. W{OPEN-FL·!GHT) : 130, W(OPEN-F'LIG!-Ii/RESEF.VE) 
: 10, and W(RESERVE/RESERVE) ::_ 90 respe~tively; 

. ',: 
·· .. 

PASSE:·:GER OPE:-:-tLIGll? 
OPEN-FLIGHT/ 

RESSRI.·"S 
R.Esd~:VE/· 
FLS~R\;E ,,. 

_,· ... 

•' .. 

Sbl 30 Sb2 30 
''. ·, 

';; SbJ :, 30 1 

• t ~.-

~(;(Reserve] Sc2 50 Sel&Se4 :lOO Se3 , ·50 

1 

1 
:-.-

1 

'fd.[ Canee 1 1 
! . 

Sdl&Sd6 lO Sd2&Sd5 10 Sd3&Sd4, :· 10 
; . -~ .. · .. 

.,' 

l'i[Tota1 Workloads) ·90 130 10 90 

Figure 7 Oistr.ibution of the Transaction Wórklcad· 
on the AIRLINE Database (3). 

We · ca"l evaluate the effect1vene9:5 or the sch~ma 
refinements rrora . the viewpoint or the tranzaction> 
workloa.1. ·-The rollowing 19 an example to 9how a 
comoari:son ·or two sch~a!, befare and after the' 
in!tdntiation :: procedure, in- terms of the 
transact lo~ workload •. 

Example U 

.. '· 

2.11 

Let. us compare .the total workloads.of "two sche~a9, 
· th_e· AIRLINE database . (2) in Exall'lple 2 and the 

AIRL!NE database (3) in Example 1¡;. The latter was 
.obtained from the fonner tllrough the ·instantiat~~n 
pi-oe:P.:1ur:e •. We shall cOñsi.der· the same traM!Iac':.i~!"l:s 
Tb, Te. and Td a~ a¡:)peare1 ·in Example 12. Na::~ely 
Tb, Te, ·.and Td ha ve the _responsi Vene:s:s parametE"r of 

'· 
-~~----- -· -·~-..:..__::. ___ _L_- ··---'--··: ... :~:..·--··.,_._._. __ ;::._ ···-·~ . ..:.. --'~--~ 
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·tu e. same value r = f. and voltne parameter.s r = 30, 
r :s 50¡ and r ·= 5 respectlvely. 

Tne total . worW:loads or these tranSaction.s on the 
AIRL!NE· dat.aba.se (3) have been evaluated ln Example 
12. 

., .... 

In order to calculate the workloads on the AIRL!NE 
·databa.se (2) ,we rir.5t decompose the tr_a.n.sa_c~ton.s 
1nto .sequence or simple tran,action.s. This eould. 
e3.sUy be done as rollows. .. 

PASSENCER FDATE 
FDATE/ 

FLICHT RESERVE 
FLIGHT/ AVAILABLE/ 
RESERVE . AVAILABLE 

RESERVE/ 
RESERVE 

Tb[RecÓnfirml Sbl 30 Sb2: 30 Sb3: 30 Sb4 30 

Tc[ReserveJ Sc4 50 Scl: 50 Sc2: 50 Sc3&Sc6:l00 SeS 50 

Td[Cancell Sdl&SdB 10 Sd3 5 Sd2 5 Sd4&Sd7: lO Sd5&Sd6 10 

~~---,----------------------·-"-o--'''·· 

w (Tot.:~.l ~-.·orklodd] 90 80 80 5 5 110 90 

Figui-e 8 . Distribution of th~ Tr.:~.nsaction Workloads on the AIRLINE Database '.'(-2)-': 

the AIRLINE 03tabase (2) 
(Befare the Instantiation) 

W(PASSENGER) ~ 

W(FDATE) = 

W(FL!GHT) =· 

w·(FDATE/RESI':RVE) 

W(FL!GHT/RESERVE) = 

W(AVAILADLl:/AVA!LADLE) 

W(RESERVE/RESERVE) = 

Sum of Tot~l Worklo~ds = 

90 

80 

80 

5 

5 

110 

90 

460 

the AIRLINE Oatabase (3) 
(After the Instantiation) 

W(PASSENGER) = 

W(OPEN-FLIGHT/RESERVE) 

W(OPEN-FLIGIIT) = 
W (RESERVE/RESERVE.) 

s~.un of Total Workloads 

90 

lO 

130 

90 

320 

fiqu!"e 9 Co1npa1· ison of the Total Work. loads. between the Two ~atabases. 

• 

' ' : ~ 

.··· 
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: 1) . t.he re.confirmattOn transaction Tb 

i''rb.: Sb1 Sb2 SbJ Sb4 
.•.,,; 

. ·: where we have : 

. · ·.":sb1': :J!i(PASSENGER) 
. ,:sb2 : !!!( FOATEl 
-::"Sb3 • !!!( FLIFHT) 

'Sb4 • Sb1 Sb2 ffi(RESERVE) : ill(RESERVE). 

{ 1Ú '• th.e reservation request transaction : Te 

· Te : Sc1 Sc2 Sc3 Se¡¡ SeS Sc6 

Where we have : 

Sc1 :z lli(F'DATE) 
Sc2 ' J.!.!:( Fl.IGHTl 
Sc3 = Sc1 Sc2(AVAI!.AB!.E) !!!( AVA ll.AB!.E) 
Sc4 = Cr'fPASSENGERl 
SeS = Scl Sc2 Sc4(RESERVE) cr{ RESERVE:) 
Sc6 = modCS'é3>-.-

( 11 1) 'the caneellation transaction : Td 

·-Td·· = Sd1 Sd2 Sd3 Sd4 Sd5 Sd6 Sd7 Sd9 

where we have : 
.Sd1 : i!!:(PASSE~GER) 
Sd2 : ~ ( RESERVS) : 8!1( FL!GLJT) 
Sd3 : ~~(RESERVE) : ill<FDATE) 
Sd4 : Sd2Sd3(AV-'IUB!.E) : ill(A'IAILAB!.El 

.··sdS ·= ~ ~ Sd3(RESERVE) i!!:(rtESERVE) 
Sd6 = del{Sd5) 

· Sd7 ~ ¡¡¡¡;;¡(Sd4 l 
Sd8 =. del(Sdl). 

From these sequences, we have the distrihution of 
transact~on workloads on the AIRLINE database (2) 
as shown in Figure 9. 

Figuré_ 8 (for the AlRLINE datab.lse (2)) and Figure• 
1 (for the AIRL.INE databao;e (3)) d1st1nctly 
1llustr.ate how the transaction workloads are 
(;1str1~uted over each_or the two databases. Figure 
1J shows the comparison of the total workloads 
b"etween the two, suggesting the effectiveness of 
the 1nstant1ation quantita.tively •. 

5. Conc:lusion 

A. methÓd. for the conceptual scherna de.51gn within 
the framework of the ER model is· proposed ~ The 
foll~wing procedure make the basis or the method. 

( 1) The rert.nemerit óf schemas based on the nottons 
such-as the norm.aliz.ation, the generaliz:ation, 
the instantiat1on 0 and the typ"ification. 

(2) The . .. fomali zat 1 on or the transaction 
description ~ich not only_ r"erlects the 
Íuistence and oper"ational constraints, but 

al "" provides . means ror the rneasurement or . 

·.·. ·.· .. 
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transact1ons work.loa_d. 
: .. 

Thes~ procedures are· prac ti call y· a pp 11c.ab 1 e to' the 
logical design of databases as B meaningful method. 
Furthermore, the trans8ct1ons worklÓad ·.which 

· repno:setlts the processing . require!Íients • for 
databases quantltatively .. ca.n be used as a userul" 
measurement in the detailed logtC"ál destj;i1 $uCh as 
the transformation rrom the ER model tO otkéi- data 
models underlying target DBMS' s[5 ;11.]. 

· We consider the conceptual schema should describe 
not only characteristics or the. infonnatton 
st.ructure, but also characteristics of 
transactions. In this Sense;'· twO types of 
descr1ptions should be consolidated into a single 
schemá. We intend to evolve the procedures to 8 -

design tool with a comprehensive· schema deftnition 
language· to express the se~antic aspects or 
databases. 
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INTEGRATIN.G DATA AND TRANS.ACTIONS 

1·.' . H. LEon4rd and B.T. Luong 
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Département' d'Economie commerciale et industriEille 

University, Geneva, Switzedand 

Abstr3Ct 

Our objective is to show c:learly the 
intcrdependarice between the study of data and the 
atudy. of. u·añsactions in informll.tion sys_tems 
duign. We havc used Codd'a model to· describe the 
data ·and obtaih their possible partitionings, and 
we h.1ve ad8 pt ed Pet r i 'a niode 1 t o mode 1 the 
transaction&. 

We have shown how the parallelism of the 
transactions depende on the partitioning of the 
data and how onc partitioning allows mote 
parallelism than another. 

ln"t'rOduction 

···Our approach is pan ·of the geheral frameWork' 
of information svRtems design: 

· Previoua studies 'L41 , l 6 J have already 
dt.-rnonstr'ated the importance of the semant ic 
~proper~_ie-s of the inforraation during a first 
stage; · indeed, efficacious data ahemata can be 
deduced' from thcm, as current research work has 
proven. These data achemata can then be described 
either in· terms of a data des~ription language 
for datobaae software [2 l, tl9 1, or terma of 
files. 

These ·uudiea do not take into acco·unt the 
· transactions. We are interuted in the vay the 
atudy .of the transaet ions could contf.ibute to an 
improved information· system desígn and more 
particularly concentrated on the ,transactions 
vhieh can· be executed in parallel; from this, ve 
have deduced a data structurc which, on the one 
hand, ia compDtible with the preceding results 
and, on the other hand, tatisfies the 
requirernenta of parallelism as much as P.ouible. 

Some research work ha& already been done on 
the relationahips between the data and the 
transactiona of an i"nformation system. Part·of it 
was. concerne~· vith .the apecifications · of the 
transactiona · through the aemantic. relations 
exist ing · betwC.en the data 1 6 j , Lll ; others 
proposed • general description of the ín!ormation 

[25] is more specifically interested in the 
events conce¡)t and the ·triggering of tr~lnsactions 
by events .-.By introducing the chronology_ concept, 
[;41. [13] isolate an infonuation typology and a 
transaction typology, and . describe an 
algorithrni.c method for the design of a data 
structure ~erifying certain conditions. ~1] ;lln 
and [281 are interested' in the sequencing of. 
transactions,· taking into ac.:ount thc &$pects of 
synchronization, parallelism and choicei between 
transactions;"to obtain this' goal, Petri's model 
already ·used in varicus field.s such as i~ 
modelling of complex systems [ 27 j and detection 
of system failures· [24} was also.applied her~. 

The &ame perspective was fo·IioWcd in our 
research work but, at the' same timE>, we tried to 
make the connectio~ between th~ modelling of 
tran·sactions and the modell ing of data. 

Remark: our study was 1 imited to á eeritr"al ii:ed 
information system whose· data are stored and 
managed by the same software, vhich Can be_~ither 
database softwar.e ·or ad hoc s'oftWare·. : 

.. ,,, .. 
: . . :.· 

l. DATA SEHANTICS 
.· 

W'e use Codd 's relational inodel [4.] ·.and 
present below only its concepts whi_c~-.ar~ _usefu·l 
to our paper ·and vhic.h have been desCribed .. in l7] 
ond [9]. 

1.1 Basic concepts 

An. attribute is the name ·of a ceitain type· of 
data .. To ea eh attribut is asscciáted a ·domáí:n 
which is a non empty 'set of objects 1-elative to 
the attribute. 

1f a is 
convent iona lly 

an .object 
denotes a e 

of· attribute 
A. 

A, one 

A relation R is a set . of_ attri~utes 
1 •_{A¡.···A iand a~predicate defined.over X; 
this predic~te, ,derioted IIR<Aj ••• A ) 11 , where 
attributes · A1 ..• A· ac:t as n variables, 
expresses th.e inteRsion which C:Of!nects . ihose 
attributes. R ·designate~ the name of · the 
re lat ion. 

Objects of 

- systcrn ll2 1 by taking into considef'ation the 
aspect.s of·.par:Jllelism and-thc synchronir:ation· of 
thc tran6actions. 

• 
denotes x e· R . 

is an UUi..u of R. One 

CH~7~1·218t/0000/0235$00.75 <01981 IEEE 
. 2)5 

•· ·• 1·' 
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ON 'fUE OPTIMIZA TION OF AN ENTITY-RELA TIONSHIP M O DEL ',~. !.::.·.'·:·'.'.·.:.·.~,:.~,¡~~~ 
íüíWt AKA. SAKAI ·. 
Hita(:hi lnstitu.te uf Technol"b'Y· Hita.:hi. Ltd. 
Tokyo, Japan · 

Thé nicthodulo~y lo construct :¡ .'it3blc and univcr:c;.Jl d.Jt.:t stna:ture, or a conccptu~l schemn, is 
.. requ.ired as a Oi:isig for the'ltlgical tlc9ill,n t"•t databases. An entity-relationship model.could be-use·d_'· 

ror thls purpo!ic, An optimi:r.óltion pro~:edure of this IJl<ldel frOm infonnat.io'n strUctural vicw ptiints is 
form'ulntcd has ... d· on the dcpcndency structurca in attributes, entity sets •. and relationship se.ts.··. The 
·.:cstructuring·proceF;¡;es <.:C'Intoistin'g of tWú phasl..'s are propnsed. the.mo~el is locally optimized in'Phasc 
l based on the an.aly-sis of functional' dependencies in attributes. In phase 2. a global optitnization is 
perÍormcd analyzing liierarChical and tromsitiVf' dcpendenci~s in relationship sels. · ....... . 

' . 
• ¡ •: ~ .. 

l. lNTRODUCTION 

Tlu~ \isl!:cnlial prnblcm l~ th<' lúgi<:al di.!st~n uf 
· J.ll.lbat~I..'S' ls to cnn:HrUl't J.O optimizcd (.l.H.t adminls­
tr::~·~r· .. ~,(vf~w -,,f dat.:J ,intcgrated lrorn valruus mwrs' 
vic·w~·:· .. - 'rhé, integr;ttcd logical d11ta structure should 
bC _tJptiin!zcd from view points of structur.:~l ch.arac­
teristics an·d Usil)o\l' charact~·rist!cs of i.nfurmatit'O• 
The l•ptiniization from infor~tüm structur.il (.,iew 
pointl:l i.s mori.'! I.!SSential than th.'lt from int'orrnntiun 
usagc ~i'!.!W points. Becausc the tormcr provldt~S a 
stablo' ar,d; universal data structure source, whilc 
th•! lattcor dcpends. on the usage requirements in 
actual '·application environments-

AM .:1 practica! lú8icoll Jesign a id. we· shall u~e 
Chcn'• entity-rcl.ationship model (E-R mud~·l) tl.l 
rcpnsCnt a dat'n structure, and. !ormulate an upti­
m.iZ.:lÚon mcthodolo..:y of this model from !nformation 
structut"a'l view points. 

2. THE ENTlRY-RELAT!ONSH!P HODEL 

2.1 The formalization oí the E-R model dcscriptJon 

TI1c E-R mt•dc:l was proposed by P.P. Chen. The de­
tailed dcfinitio'n of the model and the !itep-by-stcp 
approa,:h t\l construct it are described in 111 and 
l21.-: -We.-she.U' fir9t try to formalize the descrip­
tion of the model as a basis for the discussion to 
be :introduced later on. 

' 
(1) Thc e~tltY set 
An cnÚty is a thing which .can be distinctly tdCnti­

' fied. EntiÚeti can be classificd into different 
~ntity ty¡:.e·a·· such as PART, PROJECT • and EHPLOYEE. 
An entity ~>:e". is a gÍ'oup of entities of the same· 
typé·,· Ari .en•.lty ~et 18 d~tH:rilu.:d 1n .the form . 

• An/Vn) 

wher~ -~ i~ u n~me .,r the. ~~tity Rl.:'t and _l!:h_·h At/\'i 
Htands for an ;¡ttribute'-valu_e set pair; An attrtb­
ute At is a function whJch mapa an entity. set._into 
• value JICt Vi-Vi could be a Cartesian product ·of· 
several_value tU!ts. · . 

'An cnt lty e '-rhich belongs to E is represcnted ."as a 
tupll.! (vl, V2,· .•.• , v 0 ) with Vi • Ai(e). ;This 
form of .m t!ntity is called .:.tn t!ntity reLnlon. 

Let {A 1/\'¡ •... , Ak/Vk} bt!_a subset\df·{A¡/V¡, , 
An/V0 i. The set of attrihutes X • {Ál. ....• Ak} is· 
called a.k~y of an entity set E. if _x is a minimal 
sú úf at:trib,utes whicq. gives . .l. one-co-one t"'apping' 
from E into the Cartesi.an prodUce .V¡ x__.· •••. x· Vk-

'Frúm the set of keys of an ef!tity set E, 'wc ·arbitra-· 
rily se.lect C'lne. as_ the primary key_ of E and write 
PK{E). 'An attribute which does not. appeat in any 
key is. Collled a' nonkey attribute I:)Í an-1 ~nti~y Set. 

< .. 
For ~n abbrev iat i.on ·o f an en ti ty set, dese r iP~ ion. 
we write sioply.E (A¡ ..... Ak. Ak+l•-· .. ,·An) or 
E (X, Y) unless the value sets need exp.liciÜy be 
stat"ed. Hen~. the prima.ry key X is unde_rline·d and·· 
Y denotes a set of other at_tributes. 

Example: 
EMPLOYÚ (ENP-NO/EMP-NO, 
NAME, AGE/NO-OF-YEARS). 
PK (EMPLOYE<:) • {ENP-NO} 
or sim'ply 

NAME/FIRST-NAME X LAST-

· EMPLOYEE. (~, NAME,. AGE) 

(2) The relationship set ' 1 
Entíties are related to each other. ptfferent types 
Oí relationships may exist betwee-q difterent' typcs 
Of entities •. A relationshtP set is· a· sec·of rela­
tionships uf the sarne type. A re.lationship set is 
described in the · fC'Irn:l · 

R (K¡/Eli' ••. , Kn/En: A¡/Vt. -~ ••• , Afn/Vm)'_ -. 
where R 1s a name ·of the relat'ionship Set, Kt/Ei 
tepresents a role-entity set pair, _and Aj(Vj .. is_ 
an atÚibute-val.ue· set pair .. Namely, the--entity, 
sels E¡, ·.•• , En _(which are' not necessarilY dis-· ¡· 
tinct) are re1ated to 'each other constÍ'ucting ·a re­
.lationihip set R. with: each Ei having the role Ki 
in R._ E8ch attribute ~j is· a function which ;maps 
the Cartesian, produCt El x •.••. X En· into the _value_. 
Set (or i_he Cartesian pro~uct· of value se~s) Vj. 

', 
•' 
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1 r8:.ationship ':r which belongs to R ·ts represented 
as a :uple (ett ;, • ', e 0 ,. v1, ..•• , vm), where ct ls 
an ené.l.ty Oí Ei. and .Vj is a _vnlue of Vj with v.j • Aj 
(e¡, , .-.. o enf •. This form of a relationshlp h 
·calied -a relotlonship relation. We uf ten use the. 
abbrev~ated·.not_ation r • (el, ••• , en) when we are. 
lnter~stcd in.d~ly the entlty sets·involved. The 
primety küY éf R, denoted by PK(R), Ls represented 
by cte ptimarY 'k.eys of the involved cnt_ities. That 
i.s, PI<(R) • {PK(E¡), ••• , PK(En)}. In the descrip­
ti.on of' ñ rÉ!lationship sct, we use a simple notatlon 
R (E(, ... , En :·Al, ... , Am) or R (9_ :' Y), where 
G is {E¡, • , • , En:} and Y Ls a set .of nonkey attri-
bute!l {AL, . , AmL 

Exampl~: 

COURSE-C.RADE. (EXAMINEE/STUDENT, COURSE/COURSE, 
GRADE/ :Nl'EGER) 
PK(COU"SE-GRADE) • {PK(STUDENT), PK(COURSE)} 
or Jjimvly · 
COU~SE-GRADE (STUDENT, COURSE : CRADE) 

Tt\e .1::-R .. rnodel Ls .c:onstructed as a set l}f entlty aets 
¡md rcl.Jt_io!lship sets. 

•', . 
2. 2 · 'The ~-j,p tO.g rat Lo in a re lat Lllnsh ip ~et 

'Jhen 3 relatiunship set · R Le defined on entity :->ets 
· Et, : . .', ·E 0 ·,:_'the mapplni.;-ratlo uf Et. with resp~a to 

R' i.::i :dcflned aS .. folll}\.rs. let d be 3 ·~haract~ri.stic 
furictioii. ·dt!Ün~d l.ln Er x , .. x En taking the val u!;!; 1 
•Jr·a;,_~uch,-'t:hat_.d·(e¡, .•. , e 0 ) • l U and o~ly if 
th~rP..,e~h.ts _.1 re.lationship relation r • (el, .•• , 
,! 0 )' .C'f .R. · For. 61'\ entltv et of F.t, the mapplng ratio 
llf ~et.fwÚh·, iespéct to R 1ts given by 

. . . ;_.. . ¡' 

m (ei~ R) ..;, 'r d (el." ... ·_ e1, ... , e 0 ) 

. wher-~ {d (el, r.· .. , e 0 )} dre summed up for all tuplas 
\et, _ ... , .e0 ) with thé 1-th ~nmponent et fix~d. 
rhe mean,. mlnimum, .. md m:1xi.mum mappi.nl( ratio c1f Et 
witl:.n!spect to R are dl~flned .l!i ·che. mc.Jn, minlmum, 

· .. md -maxi.mum: v;.lluu ·o( m (.:'lo R) in Et, and d~nutt~d by 
m Út', R), i!!.(E_L• R), and iñ (Ei,, R) respectively. 

\.le ·can gcntir<illza thill dcflnltlon tu tha mapplnM, 
r-atio <Jf a sat of entitv !-!Cts. Ld R_(G, H : Z) be 
,¡ reL1tionship <;et d~t'tncd un che :H!tS ;_,f l!ntlty 
sct.s G •· íEt, ... , Ek} :uid 1t'·• {Ft• ... , r,_}, <1nd 
lut· e • (e¡·, : .• ', 111k) .Jnd f • Ut .... , ft) bu 
tup;.eil oi eintit_Les of C .md H rcspe~tlvely. Uslng 
the char:tcteristlc function d, the mappin~ ratl1' of 
e with respec~ to R i~ glvcn by 

. rn '<'e, _R) ,• t d (e:, f) 

~oJherc {d (e, f)} .¡re r.umm\!d up for: all tupl!.!s (e. f) 
wic.:-t'rhe coinpoñcint't! flxed. The me.1n, mt.nimum,_.md" 
maximuia mapplnK -ratio t.Jf ¡; wi.th rcsp!.!ct tl.l R are· 
deflncd as the mean, mi.ni.mum •. '\lld maximum valut! of 
ru (e. R) i.n '(;, and· denotod. by m (G, R), !!! (G. R) and 
;.· \G. !{) rcspectiVio!ly •. , 

2 .J Titt! E-R d lagram 

·n1o F.-rt di.:JR;r:tm 1-11 •1 clbgrammatlc t~r:hni.que· (ur o.!X"" 

hlhltlr.t~ (Jiltltltt!l .md rel3tlon~hipa ([lJ), The E-R 
dLIM~<un la ·more tHri1:t.ly dofln~d- using the mappinlil, 
l".l~lo. CtJniÚdur a ~et. uf ~ntity :set9 C • {El, ~ •• , 
F.n~ .1nd .l·,.et of ct!lati<ln!:ihlp :sets S • {R¡, ... ~ 
Kt~,l \o:hr.u o! •. u::h Rt lnv•,lvc!l C.. Lt!t mtl • m (El• R¡) 
bo .a M.applniL r••thJ ut f.J. _wi.th reP~pe<:t, to ~-~~ then 

,:·¡· -;· ., ... 
• 

Ez 

' F1g. l. An E-R diagtam. · 

the E-R diagram. of G and S Ls illustrateél' aS in 
F1g. l. 

3.· THE LOCAL OPTIMIZATION - THE RESTRUCTURINC 
PHASE 1 ~ ·, 

3.1 The functional dependency in the E-R model 

P.P. Chen suggested a top di}VO approach to design. 
the E-R model ([l]) : (1) identify the entity sets 
and the relatlonship sets of interest ; (2) Ldentify 
semantlc lnfonnation in the relationshiP sets ·; (J) · 
def_ine the vnlue sets and attributes ; (4) _organize 
data lnto en_tity/relationship relations ~nd decide 
primary kcys. · 

However, further .refi.nements would be required in 
arder to ~unstruc'c. a stable. and Universal data 
structure. We shall formulate an optimization 
pro~~durc of the E-R model from infOrmation struc­
tural view points. The·procedure ~on~ists of two 
phases, the local optimization (the restructuring 
phase l) and the global optimization (the restruc- . 
turlng phu¡.¡a 2). 

As the first step i:o thc. optimization procedure, we 
sh.tll- investigate the. iunctional dependen_cles 
emb,>d Ll!d in the E-R mode l. 

Let {A¡/V¡, , Ak/Vk} and (8¡/W¡, .. • ., 8~/Wt} 
be two secs o[ attribuce-value set pairs in the same 
ent i ty' sl!t · E ·'O·r' in the same-· re l.Jt ionshi.p set a· de­
fined on the entity.sets E¡, ••. • En.· Let_e be any 
enti.ty or E or tuple of .:!ntities (eto ·· • , erl) in-

. volved in R. If for <1 value (Al(e). · · · , Ak(e)) 
of Vt x ..• x:vk. thHe ~xisú at mOst one value 

-·(8 1 (e) •• _., :, Bt(e)) ni W¡ x •. , x Wt• then"we say 
the set of attribute9 Y • lBt, · ..• , Bt} is func- . 
tion<tllY·de"pendent llO a set of attributes X • {A¡, 
.... ,\k},- .md write A¡, ... , Ak-+ Bt• ••• • Bt 
or ·X .,.y, fhis fact lS _L".!ll~d ;¡ f~n~tiona~ .depend~n-

.. 
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') 



',• 

i. 

cy in· 'at tr.ibutea. 
dependént on-X,. 1t 
tionaÚy de.pe'ndent 

We say Y is fully functionally 
we have X~ Y. and Y ia.not func­
o~·any proper subset ~f X. 

... 
F:oni. th~ __ d_eÜnttion of an enti'ty/relat1onship _set, 

, .ench nrmkey attribute ·is fun~,;tionally dependent on 
'the ~i'itt~ai-y:key of that enlity/relationship set. 
~incc an €'Otity Set might have severaJ keys, the 
ilC'nkcy <ltlribut_c 1a functionally dependent on any 
kcy, and the keys are mutually functionally depend­
ent on. each other. · 

Tht•re' ia anÓ"ther typc.= of functional dependency re­
lated to entities in a relationship sets. Let R be 
a relaüonship set invulving .'iets of entfty sets 

.''"{E¡, : •• , Ek) orid H • {F¡, ... , F;/. lf 5 
(G, R) • 1 holds, then Wt: can consi•:t"er a fun~.Ctional 

_dependency G +H. Na~ly, for any relationship 
r. • (e, O of R with tupl<'s of entitiee: e and f of 
G And H re~pec~ively, and for thc tuple of primary. 
key val!Jt'S of e,. there exista at mm>t onc tuple of 
primary key values of (. w~ say this fact a func­
tion.o.l<'dep~ñdency in entities. 

".' . 
3 ~2 :Thc restrUcturing phnse 1· 

Thc re&.tructuring 
f.-R m~~el .so that 
Pz. 

phase 1 is to locally optimize 
1t sathfies tht- properÜ¿s P¡ 

the 
and 

.... 
Each ~onkey nÚribute in che entity/relation­
shiP Set is fully functionally depf'nd~nt on 

· thc;p,rimary key, ,·. 
Eách nonkey attr

1
1butc Út'thc ~ntitv/,relation- · 

S,hip .. set is not functionally depende'nt on .:~.ny 
other.•no~key nttributc. 

If these propertics 
lccally,. reS trut;:ture 

do not hold in the rÓodel, ve can 
it aR follows. 

(1) The entity·set not sat!RfyinK P¡ 
Lct F. (!, .... 1) 'be. an entity set ,· and let snme Ottrib­
ut~s sub.set Y' Ot Y be fully functionally dependent 

·On a pr,imary key nttributes subset X' of x. Then 
de~CII!Ipose E '(X, Y) into two entity seta E (x, y.:..y') 
nnc! E' (~!, Y~).. Replace E (_!, Y) with E <!, Y-Y'), 
an' connect E to E with a relationship set R (E E').· 
Thh dei:ompoSitio~ should repeatcd ly perforroed ~ 
ur,t11.1t.satisfies P¡. Note that from' the minimalitY 
of a key, an entit.y set of che form ·E (X, Y") will 

. z:~main at th~ end of che decomposition ·Procesa With 
niginal.felationship sets involving E left unaf-
fl.!cted. ' . 

(2) Tho,·entity set sathfy:lng P¡ but not P2 
Tht.! ei-.ci(y !Jet of this type is also restructured 
Witho~f af fec.ting. th.a or i"'inal relatioriship sets 
involviÓg it. Corutid!:.!r an cntHy Sét E (X, Y, Z) 
h.:~vtng PK(E) • X· nnd set~ ¡,f nonkey attributea' Y 
and Z. 'Let Y be·functionally depcndent·only on X, 
and Jet Z be fully runc.t lonnlly dependent on some 
Rubs~.tt Y'. of Y. Th.tn dec.;ompo!'I(I.E (X, .Y. Z) inca· two 
e~ait'l sets E (X, Y-Y') and 'E' (Y',~Z). Rcpla~e E 
<!.Y, 'z> vith E (X, Y-Y') and cOnncc.t E' toE wfth 
a ndnt1onship set~R <.h...!..:>· E <.:i• Y-Y'). satisfiE!s 
P1 and P2, and orlginally t!Xisting relntlonship sets 
J.nvolving E will be left unaffc~t(•d. E' (Y', Z) 
&hould further be decomposed until all of ·rhe decom­
puscd entity sets aatbíy Pt ;md P2. Theoretically,· 
thia rescructuring process requircs a íormal analy­
tHs to find redundant funclion.:d dependencies· embod-· 
ied tn·an entity· set, . TIH.! required. ent~ty sets 

......... 
'· 
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could be.restructured from the minimal cover o! 
functional dependencias embodied in an éntity set. 
The miniiMl cover algortthm is presentc'd in' [3), ·[4J.,· 
and [5[ • 

(3) The relationship set not satisfyil).g Pt. 
The Siniilar decomposition as in case (1)''can be 
applied to the relationship set of• this' t)'pe· .. 
Considera relationship set R (G :Y). where a suh­
set Y' of Y is fullv functtnnally depe~dent on the 
set of primarY ·ke)'.!( PK (r.') of G' which i.!l a subset 
of G. Then dÚompose R.(~ : Y). into. two rélationship 
sets R (§_: Y-Y') and R' (5!,' : '!'). ·This·decotnp("'si-·: 
tion should repentedlv pcrformed nn R until it 
satisfies P¡. · · 1 

(4) The relationship. set satisfying .P.l tiut not· P2 
This case will. aga!n requir'e t_hc· minin:tal covcr alKo­
rithm for restructudng the relationship ·~et. ·'• 
We shall only show a decomposi'tiun process ·in a 
simple case. Let R (G : Y, Z) he a relat ionship f.et' 
defined on a set of eOtity sets G and having sets ~f 
attributes Y and Z. Let Y be functionally;_dcpendent 
only on PK(R), and let Z be fully flltl~tion~l!Y ,d_e- · 
pendcnt on sorne subset Y' of Y. Then. de compase'· 
R (G : Y, Z) into a relationship seC.'.R .(G· :' Y-Y') 
and-an entity ·set E '(Y', Z). Replace the original 
R with R (G : Y-Y•) .:~.ñd connec.t ·E. to G with· a rela:. 
tio0ship set R' (.s.._¿J. R (-º. ·: Y-Y') satÍ.sfies PJ 
and P2. If.· E do~s nut satisfy P2, .E shl1uld he dt:!­
composed according to the proc~_ss describ~d in (2) .• 

4. TIIE GLOBAL OPTIMIZATION - THE IÍESTRUCTCRTNG 
PHASE 2 .·. 

., ,. :, ¡ 

4.1 The· first order hierarchical·d.eco~poSition 'in 
relationship s~ts 

At the c.ompletion of the restructuring ·ph'as.e.\l,"we 
obtain a locally optimized E-R model 'in' whi'ch each 
entit'y/rclationship set satisfie::;!'Plo'a'nd P:f.· ,'Dtc. 
next step of the optimiz_ation 1s to decom.poSe a. 
relation&hip'set inro simpler forms, and~to elimi-.' 
nate redundant rela.tionship sets which· are derivable 
from.other relationship sets. For this purPo~e. wc 
shall introduce thc first urder hierarC:hical de'com­
position and. the transitiva dcpendency conc.epts .in'r 
relationship sets. 

Nonnalization proces!les in a relational l:lOdel 'has 
bcen discussed by many autors ({3), {4), "[S)). 
Thesc methodologies prindpally aimed to e'liniinate 
funr.tional dependencies which are derived tran~i­
tivély from other functional dependenc.ies. Howev'er,· 
in che realistic detaba'se.design proceSS, we haVe. 
muc.h more· cases where th'ere ex 1st many-;t:o-mány re­
lationships rather than func.tional dePendcncÍeS.· 
Moreover, We often·have more than one different re­
lationships· between entities whCrea.s thi.a theories 
thus far developed aSsume· the uniqueness of. thc 
functional dcpenden~·y betwE"en ::1Íly two sets. of · · 
attributés. 

The fir&t order hierarchical deCornpost'Úon and the 
transitive dependenl'Y in~ relationship sets could be 
thou~;ht us· •"~. useful idea for a ¡)rac.tic'aJ'·optimiz~­
.tion of the rDOdel. We shall first 'defin~· a ·pro'-' 

. jectJon ando join operation,· '·' 

(l) A projection o{ i'elat ionship .. sets 
l.et R (~ : Y) he .. a relationship' set defined 
c---~E¡·, .. _. , E0 ~. and let G'· •·{E1 ,_ ... ,· 

1 ..:. • 

1. _: . 1- -~ 

-~-------~-~- ---~_; __ __:_ __ ._._· -·-·--~~:1'./~}~.\[~~:;::. -~:.:): -~~-~ -~-~--·--~--~-·-· .__:::_· -· _::_~~----~i.:...!.~ .... : .. L: ... ....:~-.:..."~.::-~ 
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a Slltlsec of';O. For a reL1tionship refat.ion . 
r • (e¡, •..• , e 0) ·af R where. el is an ~ntity of Et,'· 
the C' compÓnent uf r is defincd by i- [G' l • (e¡, .• 
, ,· ll!k). The pr_oj~ction of R an G' is a set 1)( 

r (G~ J for ·óill rll!.latianship relation r of R and de~,' 
· noted Dy R :[G~ l• R[G' l could be though; as a re la-· 
· t1Uri9iliP sui:·.R(Q') ._def~ned on G'. 

(.2) A .. h~Ln -~f rel<.~tionshlp 'seta 
Let Rl (Gl)_and'Rz (C2) be relationship seta, and 
G • U1 n G2:_be non empty. The .l1lin oí Rt • .md R:z is 
u s~t.af tuples which are "gen~rated by ~oncatenating 
the·· r~ lat ian_sh ip re lat lons r 1 a f R¡ .Jnd r z o f Rz a_uCh 
that r¡ and' i:z have a common t.: •:o¡uponent, aitd ts· de-· 
noted ty 'RL -~* Ri. ~amely, 

• (ü\,' r¡ [G¡ - G[) 
- ·''r.l[GJ ··r¡ [G)J 

1 r 1 .:; R 1• r 2 e R2 , 

Oelo"'t!l lntróduced che notion uf first order hier­
jrchiCal dt!cÓmposition ln a rel~tional model which 
•lt'lows co .dl.!compose relations independen'tly'of func­
tional':i~¡:e'nden..:ie~ ([61). ·wt! can apply chis ..:oncept 
to th.~. UecOmposi_tlon oí relationship sets. 

A'ieiation~hi,p ~et R.(G, Gt, ... , Gn), wliere G~ Gtt 
..• , -~, are· disjo.>in-t set!i ,H o::ntrty s~ts, is said 
to.J."obey_u.c.fir!it order hierar..:hi..:al ,,Jt .. n:,1rnpositi~>n 
( F· o H_ or if i.L: ls -~t!C!Jmpos.lb 11! <UI folli,lWS :· 

¡- ' 
R ~ R (G,· GJ:] .. • ..•• , 11 R {G,_ G0 ] 

,.,( 

l'hi!i meanS·. that_.)·ur each L .JnJ j (i .~ ·j), .1ll the 
tuple~· ot \ú,-titüu; :_gii <:..:: Gt··whi..:h·are r~.:L1tuJ tiJ .1 

tupl!!-•'Í. •:nciti~ti )('.:= G ar\! also r~LHcd t1l all th~ 1
: 

tUp lt!;>.' {~.!f. •.= · G l •.Jh"io.:h :..~re re J :.Jt!.:!d tu thu saml..' ~. 

Undcr this c.::ond~ltion,-we \!.m.Jcfinc r~laciunship 
:->l!ts R¡ \G,:·r.t) •••• ·, R0 (C. G0 ) su~.:h that ,!,ICh 
Rt Ls l!CJII~if-:-tO ,the projecLi•m R (G, Gt]. and write 
R • FOliO trtt; •. · .• , R0 ). [hcn R •:an bu rt!:pl..h:ud 
\Ji.th { Rt •. ~ •. ·• RnL ln thi.s rupLH;t:!m~nt prot.:l!SS, 
somc Rt shuutd bt!: t!:liminat~d ·.Js redundant, if th'ere 
alruady l'Xtsted a rclati•lll:ihi.p set R' havl.ng thc 
pn~je'áton.R' [G, Gil whkh ls equal tu Rt· 

Fur .:x.tmple, •:uns!dtn·a rel.¡ti•mship ~t:!t R (~J.ASS, 
~TliDENT, TEACHER) Wht!rt! a ll thc STUDf:NT::; ,Jt tcnd in K 
¡:_-hu ·C!...ASS--:·;r:;-r_-;-u.;ht by ;tlt .n:ACilERs. \.le can wrtc~ 
R • FOliO. (Rt (Ct..ISS, STVDENT), R¡ (Cl..ISS, TE.ICHER)) 

'hy propcrly delinin~ R1 .:uid H.z. t( tht:!rc ex he~ 
another rulacbnship sct R' (C.!:!.!2S S~~~EN1, : GRADE) 
ho3vin~ che pruj<:!o.!tion R' [CLASS, :-iTUDENT] • Rt, .theil 
Rt. !ih.üuld be l!Uminat\•d froro the r~pl:a:cml!nt list. 
Nute_ thlilt FOHD Ust ,)-( .t M,iven rclation~:~hip ~e·c, ls 
not· n~·=~~sar ll~ un ique. 

,, relatión~h1p "'et. lnL:ludln~ tht! functlonnl dl!:pend­
·~nc.y ln cntity :-t~ts 1!1 trcatcd :1s .l <;pth:loll •:.ule uf 
FoHo. Namt~ly, l( the ·tunctiunal dt>pcndtmcy (; ... GL 
hulJa~ ln •l rci:.ttlon!ihlp ~et R" (C., r.t, G.z), th~n we 
havc R • R _[G, t:¡} * R (G,· ¡;:!:J .¡n<flfOb~~!i the FOHD 
.;und 1 t lr.>n, 

4.l Thu tron"lt_lvu dep•ndency ln relotlun•h_!j>_~ 

Nov anothttr· reflncment proCedure uf th~ E-R modcl ls 
lntroduced usin~ t:htt notion ,,f the translt:lve Je­
p!!nd~ncy 1~ rcloltionsh!p sets. 

'·-\· ·,,,:. 

' ,~ 

relationship sets such that H .;. G¡ n··c2 is· non ""ty 
and G •:Ct U Gz- H. Yhen. t:he followirig conditloae 
hold, We :<Jay R ls tranSitiv"ely dep"endent on R¡ anC( 
R2 and Write R-•.TD (R¡, R2), 

(a) R1 _[HJ • R¡ (H] 

(b). R [G) • (Rl (Gl) * R¡ (G¡)) [G) 

This means that: for every rt e R¡ there exista 0 ta 1., 
such that r¡ [HJ • r2 (Hl and _the G component of~th•• 
tuple O't {Gt), r2 [G2-HJ) is. a G componanc ot ~OQII. 
r é Rt and R consists of only. such relationship 
reht illn·s. · 

If a reht ionship set R is transitively dependent ,)ft ·• 

:relacioriship sei:s Rt .3nd R2, and has no nonkey· attrth­
ute, then R could be ellminated because it is d~rtva..;· 
ble from R¡ a?~ R2 •. 

·A relationshlp set which is derivable from a sequ~nce 
of rclationship sets·using che transitive dependenCy 

.could also be elimin3ted. -Let Rt (Gt : Yt) (L • .1.~ : • 
• . • , n) and R (G : V) be relationsllTp sets such thal 
each Ht·· Gt.n c7+1 (i • 1~ 2, ... , n-l)··.is·nOn't!~~ 
ty, and G • ~ Ct - y Ht. When the following condi­
titlns hold, we say 1\ is transitively dependent On Rt,. · 
... , Rn, .:md write R"' TD (R¡, ... , .Ro>· · · ,· 
(o)· R¡ [H¡) • R¡+[ [Hl J fur .1 • l, ••• , n-l-

(b) R [G) • (R¡ [Gtl * , . , * Rn [Cnll [G) 

. In thb si.tuation, R could be elimi.nai:ed· .. if·~tt· ·d<JC's 
)not ¡contaln any._nt?nkey atÚib•!te. .•, ·,.,-.:.w~- . r'!- • 

Aft~r the relatlonship sets which obey the FOHD have 
been de<:•?mposcd, all redundant relationship s~ts 
whic-.h are tr.msitively deri.vabl~ fr,'lm other's .lnd ha~ 
no nónkey attribute should be elimin<ited .. The.-set <J[, 

rt!dund'ant rel.ttillnship s~ts would nut uniquely be 
determined depending •m che •lrd~r of elimination. In 
this restructu'ring process, the relationship sets _in. 
which fun..:tional dependencfes in entity sets .. ~re,.~ai­
bodied should be elimlnated as ·Later as possible, 
be<:.:JUSt! the rel.ttitmship sets of thiS type would 

·serve for further ref i.nement of th~ model in the -waY. 
to be Jescrib~d. 

Befare proceeding to che _final step, we shall show 
ari t->xample oí· the elimination process. Consideran 
E-R modcl as illustratt!d in F.lg. 2. It is assumed 
that"the restructurin~ phase l ~nd the decomposition 
proe~ss at che begginnin~ of the restructuring phase 
2 have already completed. tn Fig. 2, let us· assutlle 
that · all rl!lationship secs except for R4. R), .:md. Rf, 
have nt)' nonkey· .le tribute. and th~re exist transitive 
depcndende.s Rz • TD.,(R4·, R&) ,. R) • .TD (Rl., Rs), R6 • 
TD (R¡, Ra), R¡ • .. TO·(RA, Rl,), and RS • TD (R6, R¡). 
T_hen th~ elimiñ..ttl•m IHOl:ess is p~rftlrmed as· followt. 

(l) · R4, R1 , and Ro ohuuld!not be •llminated beC.,use 
·thcy have nonkey .lttributes. 1 

(U.) Rz .md RJ sh11uld be diminat~d· be cause they have 
no nunkey atcrtbute and are d~rivable from RJ., RS, 
.1nd R(,. · -· · 

'(iil) F:ither R7 tlr Ra could be ~ liminated by the same 
rcason as ;~bove. Ra embodies .a function"al dependen.cy 
COURSE ROOM,' therefore R7 'shoulJ ·be elim!nated. 

-·· ~.S~·:;·H·o~·7.~~~--:'' .-· 
·'. ,_ . ·1· 

\· 
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Pi¡. 2. An E-R diagram_including redundant rel~tionship secB. •.' .. 
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U the:_re_,¡ __ ~xist relationship seta which embody func-
t·i,,nal' dupcndl.!ncies in entity aets, the further re­
ductiori':;of the ftumber oC entity/relationship set& 
ia .'posli.~b-le · undtr certat'n condi t ions. 

't ' . •' - ' .: ·' .· 
,'\'he relotionahip set whlch 1s simple' but often· found 

. ·tn thc désign · iS o f. t)rpe R (~ __ !) which· i-elates an 
:·· ·. en:lty aet ·E tO. 8nothe_r entitv set F with iii (E,. R) · .. 

· • l. lf. F consiats of only Ús primary key and iB 
1 in volved.: in -no>>ther relat ionship set · thun R, t~en 

. PIC.(F) ·cÓuld be inclUded in the ·nonkey 'attribute9 of 
·t. and :F cnuli:!. be elúilinated toS.ether With R. 

. . 'r" 

_-·cor.sidt!i 'the lllOr~. -seneral case where R ·(hJ!) re­
:i.at~s 4~ aet of entity 'seta C to anothe·r set of enti­
ty set&.'._H with .m·(C, R)- • l. lf each entity set of 
H con.Si'scs' of"only itS primary-key, and is involv.!d 

.·<·(e in' nO óther i-eliltioilsh:Í.p aet · than R, then ·a (~) 
· and ea eh enti'ty ·'set of H coU:ld be. replaced with a · 

. ' 

· rclationship set R (C : PK(H)) wh~re PK(H) denotes a 
'aet o·f_ pi-fenal-y keys Ot :entity seta of H. 

~. CON~LUSION 

The optimizatio'n proceaa of an· E-R model from ihfor­
mation · iitiu.ctur81·view points· is summarized·. as . 
·follow&/ .. )" .-. 

' ' ;r, ' .• ; \'' .-, •. 

. ;( t) Locál' oJ;tiiDi~"atiOn' ':' the r~structudng phase 1 
.:For _eac_h en·cicY/rei8ctOns_hip set, analYze che· túnc.::_ 
1ti0naf depcndencies in:nonkey at'tri-buti!:s. :_., 

; Resttucture entity/refat_ionship'. seca· sO that- ~ha_Y; 
'-.•atiafy.: Í:he, properties< Pl' and P2. . . '· 

:,:¡,_ :·· -· 
(2) Glcib&l- optimiza' e ion ... the restructuring phase' 2 
First, find the' u•lation&hip set~:~' which¡obey 'the 
FOHD and decompOse ·-chem into aimpler· :rorms. -.: · f: .-:­
Second·,·:_.analyie the transitive dependencics fn rela­

,· ;";.ionahtP· secs·~ . Elimina te redundan e relationship .- · 
w•ta which are··derivable from the· remaining rela- ,, 
t~onship Seta, Finally, analyze the ~unctional_.·. 

--. -~-

'.'':. __!.,, 

'.' 

. ': 

·. 

'. 

·.,. 

·.· .,, . 
. 
:~ 

dependencfes in-entity sets embod'ied iñ rel.:Üio~;.. ·· 
shtp' sets .. : Refine che model so that the't"e exist:'s no 
such a furíCd.onal dependency, as far as it .t.s· sem.añ­
tically reasonable. 

.The :.optimhation process Íliention:~d ·so far ,_1~ vcl-Y' 
useful for- a logiCal detabase design from ·pr.:inical 

· vtew pointS. The E-R model 'thus'optimiz~d provides 
a atable data· structure. sout"ce fi-om wtiich '~o.•e · r:an 

' ., 

'deriVe a fiiloil logical st-ructurc:'suic3ble fl~T- da'ta 
a'ccess reqUi fements in. actua 1 app l icá't tOn· enviren­
menes. We_ are currenÚy conce_rn_ed w!t~·de~igtling· a 
data dictionary to store and manipul.lte the. rilodel'·as: 

· a logical ·.databaSe design a id. ' · · 
'·.'·'1' 

. 1..'. 
·. !r .... 

·i r 
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Over the 1Rst decade, the 1-'etri net has gained inc:rcased usage and acceptance as n basic · 
model off'ystems ofasynchronous concurrent romputntion. Thls papcr ~~rveys ih.e basic 

. conccpls and ust·s of Pelri nf'l<~. The struct.ure of Peiri nots, thcir markings and . 
exccUt.io·n, scvNnl exumples (¡f Pl'lri nct rnodels of coffiputcr hnrdware and softwafe, and. 
research into thc ana\ysis ofl-'dri nets are presenlt!rl, as are tlw uso::: ofthe reachability .1 

tree and the dcr.idnhility nnd l'Oillpll·xii.y o!; Ro me P<'lri nct problems. Petri net 
langua~cs, modt>ls cif comput:ltitm rclnted to l'ctri nelc;, and ~omc extcnsions and :·· 
subcla!!ses or tlu~ J\.:tri nct mmll•l ·an• nlso bridly discussed. · 

Kcywords ancl l'hrUI>cs: Pt•Lri ncts, system-mOdels, asynchrunous Concurrent cVenl<J:· 

CR Catt•gortes: 1.3, 5..29, 8.1 

INTRODUCTION tems of parallel or concurrent activities. 
A Petri net is an ahstract, formal model of Section 3 prescnts a, more formal detinition 
information. flow. · The propcrtiés, con-'·· and discussion of'the fundamental con· 

cepts and notalions of Petri riets. Section 4 
cepts, and techniques of Petri nets are .co·nsiders thc exlensive bOdy of research 
being developcd in· a search for ·natural, · 
simple, arid powerlül methods for describ~. dealing with the anai'ysis of Petri hets, 
· d 1 · th fl f ' f t. thcir advantagcs; and their limitationsc mg an ana yzmg e ow o m orma 10n 
•nd tr 1 1· te 8 t. 1 1 Pett'i net Janguages are presm.lte.d in Sec-" con o n sys m , par 1cu ar y sys- . 
tcms that may exhibit asynchronous and tion 5. Finally, in Section 6, we 'consider 

some.of the many variations of Petri nets -Concurrent aclivities. Thc mnjor use of P:e· 
tri nets has bccn the. modelin!.( of systems that have been ddiried, both as generali· 

zations of Pe tri nets and as subclasses · of of events in which it is possiblc for sorne 
evcnts to occur concurrently but lhere are ~!IeT=~~:~l c:~~~~~d~~ta~~~~org~,¿~:~~ 
constraints on the concurrcnce, ·prece· 
clence, or frequcnt'Y ofthese oceurrences. ing, while the more restricted models have · 

Sinrc mnny renders niav be unfamiliar ccrtain. advantnges for analysis. 
with l'ctri n~tH, we tir•t ·prc"cnt·a vcry 1. OVERVIEW. 
lwicf und infhrmal introduction to their 
fundamtintals unu hiRtory. Thcn we con- Fi¡,'l\fe 1 shows a simple Pctri net. The 

pictorial represcntation of a Petri net as' a <ider "everal aspect" of Petri ncts in more . 
dctail. We bcgin, in Section 2, by considcr· graph used in this illustration is common 

· practice in. Pe tri net research. The Petri 
ing the use.ofPetri·nets·for modeling sys· nct graph models the static properties·ofa 

·•1'his _work.w88 supportcd, in' ·part, by the Natior{nl 
Science Foundation, under Grant Number MCS75-' 
~a . 

system, much as a flowchart represcnts 
thc ~tatic .propcfties of a 'computer pro-' 
gram: · ·· · 

:: ·Copyright O 1977. Associntion for ComPuting Machint>ry. lnc. Gcneial pcrm.ission to republish, but not for 
1 profit, all or part ofthis material is grnnted provilk>d that .. ACM's copyright notice is.given .and that refetence 

is made to thc publication; to ·ita date of issue, at.1d to thc fact thut rcprinting privileges were, granted.by 
llermission of tht~ ASI:lociation for Computing Machim·ry_. · 

-,, ._. 
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· Thc graph contniris two types <¡f nodes: 
circlcs (called placcs) anrl hars Ccalled 
transitinns). Thesc nodes, places and trHn­
sitions, are connected by dircclcrl ares 
from places to transitions and f'rom tr:tnsi­
tions to pinces. If nn are is directed from 
node i to node j (either from a place to a 
trnnsition or u transition toa place), tben i 
is un inp.ul ~o j, nnd j is un outpul of i. In 
Fig. 1, for example, place p, is an input to 
transition 1.2 , while pinces p 2 Rnd p 3 are 
output.s of tr:tnsition 1.2 • 

In addition to the static propertics repre­
sentc-d by .the gruph, u Petri nct has dy­
namic propcrt.ies that result from its exe· 
cution. Assumc that the execütion of a 
computer prngram represent.cd by a flow­
ch:trt is exhibitcd by placing a marker on 

· the flowchart to mnrk the instruction 
:belng executcd, and that as the·cxecution 
progresBea, the murkcr moveH nround the 

: flowchnt:t. Similarly, thc "xecution of a 
Petri net is controlled by thc positinn and 

. move·ment of murlwrs (called tokens) in 

Computin.g ~urvtoyfl., Vol. 9, No. 3, &•ptomhcr J977 

the Petri net. Tokens, indicated by black 
dots, reside in t.he circles represen'ting the 
places of the n0t. A Pe tri net with tokens is 
a marked Pctri net. · · ·· 

1'.he me of the tokens rather resembles a 
board gume. These are the rules: Tokens 
are mov<ed by the firing of the transitions 
ofthe net. A t.ransit.ion must be enabled in· 
arder to lirc. (A transition is enabled \Vhen 
all of its input placcs have a token in 
them.) The transition lires by removing 
the en8uling tokens fi·om their input 
placcs and generating new tokens whirh 
are deposited in the output places of thc 
trunsiti,m. In the marked Petri net of Fig. 
2, for e>;ample, the transiÜon t, is enabled 
since it has a token in its input place (p1). 

'I'ransition 1,, on the ot.her hand, is not 
cnabled since one of it.s inputs (p,) does not 
havc a·token. lft2 tires, the marked Petri 
net of Fig. :J results. Thc firing of transi· 
tion t2 removes the enabling token from 
place p, and puts tokens in p, and p,, the 
two output~ of t2•. · 

; 

1 

1 
! 

' ! 
! 
' 

The distribution of tokens in a marked 
Petri nct defines the st.ate ofthe net and is · \ 

·calierl its morking. Ti1e marking may 
change us a result. of the firing of transi­
tions. In different markings, different 
t.ransitions may be enabled. For examplc, 
in tlw marked. net of Fig. 3 i.hnie transi· 
tions are enahlcd: t,, t:h and l:-, none of 
which were enabled in the ma~king ofFig. 

F;1;mu!: 1. A t=~imple J{raph rcpr~seótat~on ofa Petn 
nd. 

. . . 
·• --:'?"'r~,..~·....--· ..... ":"r-1--c;;_·•:"'",· ""~--~':"f',':l;'."''~=~•"••--";'""'" .-··; --:-~~:'ft:''" ,, •.. -;~~ •'"'"::t • ~.-~~. ":~~.-,_ •. _. :-··• •;_~r~.-,~~--~...,.,..."':"':'•'' . 

. . ' . 

FIGURE 2. 'A nti 

t 
2 . 

FIGURE 3. The marking 1 

sitian tz in Fig. 2. Note 
reinoved and tokens we 

2. In this situation, v 
which transition wil 
shows the three pos~ 
ings; from each of U 
m a y then be reache< 
ings may continue a 
t<nabled transition. 

Note that in the 
transitions 13 and t:, 
trahsition t, is also e· 
lires, the r.;sulting n 
tokens in place p3. !1 

·lb, tl-ansitio r~m~ 
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~s, indicak>d by hlark 
;rcl~s repr<;>,enti ng lhi: 
ctn n~t w_t!.n tokens¡~· ·r 

' ens rather re~l>rnhles; 
are· the rulC:s: Token. 

ring of the tránsi'ui>n~ : · · 
Ion must be enahled ¡11 
"ition is enabled whi•n 
:u:c~ ha ve a .token j n · ; 
ion·. iires by remov¡n~ 
"'" ·from their inpl!l · 
Jng new tok.}n::-) which _t 

" uutput placcs (,[' the · 
1arkc:.C:l Pt~tn nL~L ofF¡,, 
t.ranSition t; is l'tJHbl¿~j 
, in iu; input place (p;\. 
he uther hand. is · not 
fit.s in pub In.,) dc•t>s not · 
fires, -!he Il1ili'k.Ud F'elri 
s. Tho_ firing··óc t'i·ansi . . 
e enablini(tokci'drom 
okeni; in ,o, and p3 , the 

, .. •. l ·• 

of tokens fn"a inarked 

.¡ 
·! 

.e st •f the n'et aiid is 
·, '" '' • ' ' 1 
~-. ·.. mar~. ~1g may ¡ 
. of the firing ,of transi- • 
.t · markings, · difl'erent / 
; enabled. For exampie, 
. or Fi~. 3 thi·c0 transi-

t,, t~1o and t~, none Of 
d in the markif1gof Fig. 

--:-.~ ..... - ---;-~1~.-r:>.,...:..:...-~~~ ... · .... .... , . 
·._.,,: .. 

FJOUR& 2. A marked Pctri net. 

FtaURit 3. Thc marking resultins from firing trnn· 
t>iLion t,¡ in Fig. 2. Note that the token in p 1 was 
removed ond tokens were added to Pt and p3• 

2. In this sitLialion, wc ha ve a choice asto 
which tranoition will tire next. Figure 4 
shows the three possiblc rcsultant mark­
ings; from.each of thcsc, other markings 
muy thon Le reached since tran8ition fir­
ings may C()nt.inuc as long as thcrc is an 
enabled transition. 

Note that in the marking of Fig. 4a, 
transitions t3 and t,,: remain enauled, nnd 
transition t, is (tlso enabled; if trnnsition 1, 
Gres, the rcsulting marking will hav" two 
tokclll! in place p,. In thcmarking of Fig. 
4b, transition t1 remainH cnahlcd but tran-

. Petri Nets • 225 

·sitian·( has been disabled since there is no. ·:" 
longer a token in place p,. In the marking 

· of Fig.· 4c, transition 13 has bec-ome disa­
blcd. Firing either of transitions 13 or t, : 
d isables thé other; they are said to be in 
conflict. 

This simple, vague, and incomplete .ex­
ample of a Pe tri net is mcant to give a brief 
introduction to the basic concepts of Petri 
nets. It also raises some questions for fur- · . 
ther consideration. For exan'rple, the 
markings of Figs. 3, 4n, 4b, and 4c were· 
genernted from the marking of Fig. 2··by 
firing transitions. Can we characterizc the 
class of markings that may be rcachéd 
from a given marked Petri net? Can we 
charaderize the class of sequences of tran­
sition firings that are possible from a : · 
marked Petri net? What interesting,prop­
erties can· Petri nets ha ve and 'how can · 
these properties be tested for? . ". , ·;. · 

Soine of these questions are of interest 
for Pctri nets as abstract formal enfities'. 
Other questions · relate to Petr{ nets in 
their function as models of other. systems, 
existing or proposed. For examplc,, the net 
of Fig. 2 can represent a producer:-:con­
sumer problem (25] with one pro<iucer 
(pfaces p, and p,) and two consu.mers· 
(places p,, p, and P•· p,). The items pro­
duced by the producer are passed to the 
consuiners. This is modeled by placep3 and 
the tokens "produced" by transition 12 and 

. "consumed" by transitions t3 and t,. For 
this interpretation of the net, we· may be 
interested in how far the producer can get 
ahead of the consumera (the maximum 

· number of tokens in p3), whether the ·con­
sumera could get ahead of the producer or 
consume the same item twice, and so on. 
The use of Petri nets in modeling is dis-
cussed in Seetion 2. ' 

Although Petri nets are basically very 
simple, they may be approached and uti­
lized in a large numl:ier of ways. Petri net.S 
can be considered as formal automata'and 

.~ investigated either as automata ór áS g'en: 

. erators offormallanguages [37, 79].-Qúes­
tions dealing with the theory of computa­
tional complexity have been raised [64, 
49]: Petri nei.s havc assóciations witli the 
study of linear algebra (69], Presburger 
Rrithmetic !52], and gl-aph theory. They.· 
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nre a majar model of concurrent syst.é'Íns •' le! Computation at Woods Hole in 1970, 
[6], particularly computer syst.ems. They 123] ami the Conference on Petri Nets and 
are of ihtcrest in sorne áreas of hardware -Related Methods at MIT in 1975. · 
dcsÍgri,'description and construction, sort: From the work at Applied Data R, .. 
·ware systrms, and the interactions ·be· scarch and MlT, the use of Petri nets has 
twccn design and implementation. Rprcad widcly. A large amount ofresearch 
· Becausc óf the breadth. of application has been don" on both the nature and the 

'o:-~d dcpth 'of research into Pe tri neL,, we application of Pe tri nets, and their URe 
cr,n only t<Íuch here ún.many ofthc results. seemR to he expanding. Thc sim'plicity and 
w·c rcíCr tite intBrested reader lo t.he ori,!.á- po\vPr of Pdri nets n1ake them excellent 

· nal works cited in t.he Bibliogr:1phy Ü>r Úw tools f,H. wnrking with nsynchronous con­
. ¡:iroofs and dctails nf much of tlw resrarch. . current syst¡,ms. UntiJrtunately much ol' 

the work on l'etri ncls is in the form of 
Hlstory theses. rlisscrtntions. reports, and memos 
The theory of l'etri nets has dcvelopcd that are not rcadily availahle nor in wide 
l'rom thc work of Carl Ada m Pctri. A. W. circulation. 'l'his puper is nn nttempt to 
Holt ..• Jark Dcnnis. and m:uiv others. Pctri remedy this .situation; it is intendcd as 
!lf:t,originatcd inthc early.work of ['etri, both a survcy :md u tiltorial on Pctri nets. 

; 
. ~ 

; 

. l. 
¡ 
1 

i 

in Gcrmnny, who in his thesis 1~0], devel- 1t should b" noted that l'etri nets can be 
opcd a' ncw model of inl(>rl11ation flow in viewed in many diflf:rent ways; we_cannot 
s;stems. This model was based on the con- present hcre all such views. In part dueto. 
ccpts of asynchronous und concurrent op- the difficulty of obtainin¡( 1 iterature on Pe­
c:·at.ion by the parts of u system and the tri nets and.t.he newness.ofthe theory; the 
reali,ation that relationships between the tenninology, notation. and emphasis have j' 

parta could ·be representad by a b"Taph, or . varied widcly irnescarch on this subject. . 
1 net. This proble~n is also caused by the power of , 

''!'he icleas ofPetri carne to the attention Petri nets and the resultant diversity of. 1 
of a group of researchers nt Applied Data· applicatiOns. 

¡ 
: 
l 
! 

Research,. Inc., working on the Informa- Petri has expandcd upon his ofiginal 
tion Systcms Theory Project 143]. This · theory. c<)ntinuinK work on the basic con· 
group, led by Anatol Holt, developed the cepts of information tlow and the structure 

· tlwory. of "systemics"· 1·1·1 1 which wus <:on- of concurren t. systems .. This has resultad in 
cerned with the represcnt.atinn and analy- a formo!' general systcms theory called net 
sis ni' sysl•:ms nnd lheir behavior. lt was theory 181,821 which is related tó topology. 
thi< work which provided thc cndy theory, This res<:arch, involving the fundamental 
not.ntion. and repre.scntation of Prtri nets, nature of infürmntion a Tul its control, has· 
ancl showed how Pctri ncts could be ap- stimulated a wealth of further research in 
p! ied to thc modeling and analysis of sys- Europc, part.icularly at the Institut für In· 
t"ms of concurrent proccsse,;. · formntionssystemforscbung of the Gesell-

Applie<l Datü Rescrirch's associations schaft für Mathematil< und Datenverar­
with Proj<:d MAC at MIT, arid particu- bcitung in Bonn: While starting with the 
lar! y t.he Computatio'n Structures Group same limdamental cohccpts as the work in 
under thc direction of ,Jack Dennis, ii1lro· the United Sta tes, this work developed in . 

. duced. the concepLs of l'etri neta to this a differcnt directióri, evolvirig into· a more 
latter group.· Thc' Co111putation Structurcs general aná absb'act theory. 
Crnup has bccn n most productive source Holt nlso has continued to develop new 
of resonn:h ami litemturc in this fíeltl. concepts from th.: original work on l'etri 
publishing severa! Phn theses and numer- neL~. concentrnting on the development of 
o u~ reports and memos on Petri neLs 173, tools for th~ representation and analysis of 
:l2. :l1, H4, :l8, 28!.'Two pertinent confcr- systems. His work has centered mainly on 
""c"s ha ve becn héld by the Cmnputation resenreh into the fundamental aspects ol 
Stt·ut:tures Group: t.h,, i'rqjcct MAC Con- concurrency ari:d conf1ict in systems with 
t(,rr·m·e on Cmu:urrcnt Systems and Para!- multiph, parts. 

-----·--- ~----·-· ·-· ·. -~--"-------~------.:__ ____________ -~-...:.....·------·---........... ·-~~-' 
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FtC"uRE 4. Markiogs resultin 
transitio"n t1; (b) RCsult offi 

'In contras t. to the WO 

and many European n 
emphasizes the fundarr 
svstems. the work at MI 
Ámerit;an research cer 
on thosc mathematical 
neta that are more doS< 
mata thcory. ¡Thispap 
thc latter point ofview 
rnotivated by a desire t 
by modeling them as p, 
manipulating the Pet 
propcrties of the inod< 
rcquircs the developme' 
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n .at Wo~ds Hu lo ;'h ln;11 
nf{~rcñcc on Pctri NCL':: :u 11 j 
ls at MIT in 1 !l75. ' · .. 
:wk at Applic'l Data: i¡; .. 
\ t.h<~ use of P~..~tri 'nét..-;~1~, 1 • 

,, 
1\. Jar"gc amount of"rt'~;t;:i·t<·i 1 
ln both the nn!.tu·o· an'd ti;,. 
Petri· nets, .'ar:rl· their .u,,. ; ... 
onding. The Sllnplidty nn11 
nets· make tht>m exc~l!t>'nt 
1g ~.ith nsynchronous <·on. 
s .. Un10rtur.atdy núu:h 11J 

.'tri -ncts i& in tite form of 
tinntJ. rcpof:ts, and riwlnq:-; . 
\dily avnilnbl<.! nor iry widt· 
·s. paper is 'a u úU:elnpt .to 
luation; it is. !nterídt~d ;is 
nd a tutorial nn· Peiri net!'. 
ni ed that Petri. nets can he·. . 
Ji"fH.:rent wa\·s·. we cannot · 
HtÚ:h views. iú'¡.:~rt'due to . 

obtáiníng lit.€raturé on ¡ie. 
nev.mess' of th;, tlíeól-y, ·thc 
tation, and' e'nií>hasis hnvc · 
l re•.. ·oh on this' suhject. 
ah~l .•t!cí !})'.tlit:'JJO ... v~.r··tlr 
t.he :rcsultunt diversity• al. 
. " . . . ·. ~ . "' . ' ' . ' ._ :. 

1n~dcd upo~~·· hi~· 'Original 
ing .\vork mi t.he baSic .cu·n­
lion·now ani! 'tt,e sti·UcllJn~ 
sterns. TJtis !IU~j rr.suli.éd in 
l systcms thoory called.nel 
r.hiéh is rcJated to t.oj.>olUgy. 
nvolvin¡; t.hc l'undamental 
mtion ·and its colltról, h;.t,; 
nlth of furthcr n·soárch i11 
larly'at t.hc'institut für In· 
mforschung of t.hc Gcsdl· 
1ematik und Duterivernr· 
1. Whilo stnrting wit.h tht· 
tal coneept.• "' the work in 
es, this work tlevelopéd iu 
tion, cwolvin¡(into a mni·,~ 
t ract tlwory: 
eontinired to develop n"w 

fH:· origin;tl \:..:ork on Pdri 
iug on thc dt~vdopmcnt of 
·~~~ént.ati11n and analy~is of 
rk hns cenh:l"t!d mninly on· 
tt~ fund:tnwn.Ld uspects. of 
l conlli<·l, in "Y><tcnis with 

...--,--.·- .. .. · ...... :.-. ... -::~:'''" 
· .... · 

(B) 
(b) 

,, 

(e) 

., 
·, .. 

'' . '·~' ~. ; 

.. 

FIGURE 4. MnrkinJ!S rusulting from thc firing of different transitions in the net ofFig. 3. (a) Result offiring 
trdnsition t1; (hJ Rcsult of tiring trnmlition t3 ; (e) Rcsult of firing traÍlsition t:,. · . 

. . . . 

In corltrast to the work of Petri, Holt, analyzing Pctri nets in order tn answer 
· and mimy European rese.archers, which questions similar to those raised earlier. 

<'mphasiztos the fundam~ntal concepts of (c.g., what markings are reachable in a 
systems, t. he work at M lT and muny othcr given Petri net?.Whatsequences oftransi' 
Americun n•sc>urch ccntt•rs concentrnt.cs ·t. ion firings are possible? etc.). This mecha­
on thosc mathematical aspccts of P<·tr·r nist.ic approach is quite ditfercnt in ori­
nnts that are more closcly rclai.<•d to auto- · entation from the more philosophical ap­
mata thcory. ('t1lis papo¡· is writ.tcn from · proaches of Holt and Petri. 
tite Iattcr point of vicw.) This npproach is · 
rnotivat"d by n desirc to analyze systcms 
hy mod<•ling t.itcm as Pcll·i ncts, nnd thcn 
<nanipulntin¡; the Pctri m•t.~ tu derive 
pro¡x•rtim• of t.hc m<iddcd systems. This · 
requircs thc dcvclopment of tochniq'ucs for 

2. MODELING WITH PETRI NETS 

In rriany scicnces, a phenomenon is stud­
·icd by examining not thc aétunl phenome­
non ·itsclf but rather a model of the phe- . 
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nomenon. A model is a ·representation, of­
ten in mathematical t.crms, of whnt are 
felt to be the important featurcs of the 
objeet under stuuy. By the manipul(ition of . 
. the ·rcpt'esentation, it is hopéd that ncw 
knowlcdr,c · about thc modeled plwnnme­
non, nnd the mndel itsclf, will be obt:Iined 
with_out tho cost., inconv(mience, or dunger 
·or manipulating thc real phenomenon it~ 
,-df. l''or cxamplc, much work on atomic 
crWI'!lY has becn done by modeling hecause 
of the expense.and dangcr of handling ra­
úioaclive materials. 

Most modeling uses mathematics. '!'he 
importnnt features of many physical phe­
nnmcnn can be described nurnericallv and 
thc rebtions bct.wcell these fcatur~s de­
sc~ibL•d by equations or inequalities. Par­
ticulurly in physics und chemistry, proper­
ties Such as mass, momentum, accelcra-· 
tiun, position, and forces, are dcscribable 
by mat.hcmatical equations. To success­
!ully · utilize the model ing approach, how­
evDr, rcquircs a knowlcdge of both the 
Jilodcled. phenomena ·and the modeling 
1.'-!dmiqucs. Thus, mut.hematics has devel­
t>píid ns a science in part hceuuse of its 
··JKefuhlcss in modt!ling phenomena in · 
ot.hcr sciences. For ex:.imple, thc difl'ercn· 
tial cali.:ulus wus devcloped in direct re­
sponse to the need fnr a means to mudcl 
continuouSly changing propcrtics such as 
po.sition, velot.:ity, and acceleration in 
physicsl · 1 

l'etri nets are also a modeling too!. They 
w~re devised for use in t.he modcling of a 
spcciíic class of problems, the class of dis­
erete-event systems wi th. concurrent or 
parallcl events. Petri nets model systems, 
and part.icularly two aspects of systems, 
cuents and contlitions. and the relat.ión­
ships among tlwm 1441. In this view, in .a 
system, at any r,iven time. cerlain condi­
tions will hold. The fact that t.hcse condi­
tinns hold niay cause the occurrcnce of 
Cl:rt.áin events: The occurrence of thcse 
ev<mts ni u y changc thc statc of the systcm, 
cnwdnf~ sonH! of t.he previous conditions to 
rt:a.se holding, arid cnusing othcr condi· 
t.ions (o bl!gin to hold. 

/\ simple l':-i:unplc might be Ouú tlw Hi­
nmltaneous holding ol' both t.lw t:ondition 
'A ca:-d rcadcr iH nceú"d' and the condition 
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A CARO READ!l 
15 NEEDE.Il 

A CARO RJ::ADER 
lS A'lAI.l.~\DÜ 

ALT.OCATF. l'llli 
CAII.O Ri::ADF.R 

NO CARD READER 
!S AVAIU.DLE 

FIGUllF. 5. A simple model of t~ree conditions anrl 
nn cvtmt. 

'A card reader is available' '[night caus·e 
thc evcnt 'Allocutc thc card reuder' to oc­
cur. ThC occurnmce or-ttüs cvent result.s in 
the ceasinr, ofthc conditions 'A card reader · 
is nccdcd' and 'A card reader is avaibble', 
while causiilg the condition ·'No card 
reader is available' to hecome true. Thesc 
event<and conditions, ánd their relation­
ships, may be moúeled as in Fig. 5, where 
we are using places to represcnt conditions 
·aml transit.ions to represent cvcnts. Note 
that other contlitions, such as 'The card 
rcader is allocaled', may also hold in the. 
system even lhoug-h they are "not modeled. 

More complicated systems may also be 
mudclcd in this manner.· Consider for ex­
mnple thc following description of a com­
puter systcm: 

o Jobs appear and are put on an input 
list. When the processor is free, and 
thcre is a job on the input list, the 
processor stur\8 to process the job. 

Q When the joh is complete, it is 
p!aced oil an output list, and if 
there are mure jobs on thc ·input 
list, the. processor continues with 
another job; otherwise it waits for 
anotherjoh. . 

This is ·a very. simple system composed of 
severa! elemenls: the proccssor, .the input 
list, the output list, and the johs. We can 
idcntify severa! conditions of interest: 

a Thc processor is idle; 
" A job is on the inpuUist; 
,,. A job is being processed; 
<> A job is on the output lisl; 

and scveral evcnts: 
<> A ncw joh cnters the system;· 
o .Juh proces~ing is !:51arted; 
1• Job proce::.:-;ing is completed; 
o A job leav"s t.he system. 

; . 

.·.:.·.¡,._,.: .......... - ........ ~ ..... 

A NEW JOB E:lTERS 
TIIE SYBTE:-1 

jos PROCESSING 
15 STARTED 

A J( 

JOB PROCESStNG 
1$ CO:-!PLETEO 

A JOB IS ~ 
TH.E OUTPCT LIST 

_t___: 
A Jos U:AVF:S 
Tii.E SYSTEM 

FIGURÉ 6. Mqdeling of a si 

'The Petri net of Fi¡ 
modeling of this syster 

· transit.ion in t~ · 'lius 
the ''job leaves .nsit 

Properti_es o! Petrl_ Nets 

The _example · above 
points about Peti·i nel 
ihey can model. One 
re"ncy or par:allclism. 1 
kinds of indcpendent 

· tero:· the job and the pn 
net model, the even\8 
to one or the o.ther e: 
éntly; there is no need 

. actions of the jobs and 
jobs rila y ente"r 'or kavl 
lime indepcndcnt of th 

. essor 1 However ," when 
necessary, for instanc 
nnd an idle processor rr 
processing to start, ti 
casily modeled. Thus 
secm to be ideal for n 
distríbuted contrólwitl 
vccurririg concurrently 

Another m·aior feah 
1 he ir asynchr:o~ous nal 
herent meas~rP ~f timE 
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•ader" is availnbln' mirrht ca'"'' . . " . . 
A1locntc thc cnnl réader• tn nc. 
~currm1ee ofthis cverlt f(!SUJb in 
¡ ofthe condifi.,ns 'A c:ml rcadr·r . 
··tnd''A (:nrd rcader iS availnhlt·' 
Rirlr, thc cm~ di! ion 'No rm:.j 
vail;ible' te: hc.·.:.·o"rile t.ruc. Tht·.•:i• 
ronditions, <ÚJd dwir rclntion­
he niodded.~Js in F'ir.;. !l,·WhPn· 

tg place:-:; to'r~pn•:-;ent con(~itions 
:ionH to rc¡)réHCrit .evi..•nb;.· Nott"· 
c6riditioris,. ttuch as· 'The carrl 
llocatcd', may also hold in thr 
o though thcy arr.' not modelen. 
>plicatcd systcm;; muy also ill' 
thir nnerc :Considcrfor CX· 

i>llo. ide~éi-iption ofa com-
n:, 
pear anda':" put on a_n iuput 
lcll thc process,n· is free and 
• a joh on u-;., i'1put Iist,' the · 
lr starts to p.rorcss the job. 
thé job i~ complete, it is 
on an output list, and if 
re nii>rc jobs on -the input 
! processnr cüntinucs with 
job; ot.he~.vi~e· it waits fÜr 
joh. · · 
·.v simple sySti}tJl composcd.(1f 
ents: the Jl.nv.:l!ssnr. t.he input 
>utli,t, and t!w jobs. \Ve c:tn 
ral condit.itHls lil' in,~rost: 
:csSOI' iH idit.•; 
on thP input. lisl: 
bL·iu¡; proeo.s:~ed; . 
on tho output li:il.; 
•vcntn: · 
b cntcrs tho xystcm; 
~s~ing is stUitPrl; :· 
!Ssing is cor::mletcd· 
VHS ihe sydÜ~n. ! 

A NI'"' JO!I ~:t.:n:RS 
111r. :;y:~n:N 

A JOfl IS 
(JN THE 

tNI'UT LIST . 

JOB PRO<..r:ssnw 
IS S'l'AR'l'ED 

.1011 PROC:f.SSl:ir; 
IS cOMru:nn 

rm: $YSTt:M 

A JOB tS 
UJ::ING 

PROC:F.SSEO 

7 

i''ÍmJRF. 6. Modr.l.irig of a .simpl~ co~pu.tcr_system. 

The Petri net of Fig. 6 illustrntcs the 
niodeling of this sysi.cm. Thc "joh cnters" 
transition in this illustration is a source; 
thc "job )caves" transiti~n is a sink. 

Propertles of Petrl Nets Uselut In Modellng 

Petri N~t.• '_ • 

in a Petri net. This reflects il philosophy of 
tiine which states that the only -impórtant 
property of time, from a logiral point of 
view, is in defming a.part.inl ordcring of 
thc occurrencc of cvents .. Events tiike i;uri' 
ablc arriounts oftime in·reallifc; thc Pctri · 
net modcl J'eflcc~~ this \'ariability by not · 
dcpending u pon a notion,of time to éontrol 

. !he scquence of events. Therefore, the.Pe­
tri net structure itself must contairi- al! 
neccssary information to define the possi- . 

. ble scquenccs of cvents of a modeled sys­
tem. · · 

1'hus, in the net of Fig. 6 the. event 'Job 
processing is. completcd' ri>ust follow the 
cort~esponding cvcnt 'Job processing is 
startcd' be cause of the strurture of the riet · 
although no information at allis given or 
considered concerning the :unopnt o~_-t.,imc 
rcquircd to pl·occss a job .. Or1- the ·. Othbr 
hnnd, events which need 'nót :be:,ron­
strained in terms of iheil· reÍa ti ve 9l'dcr of 
occurrencc· are 'not co·nstrained; thus whilc 
a job is being processed the evcnt •A new . 
job enters thc system' mayc occúr,· befare, 
after, or simultaneouslv with the occur­
rence of the event 'Job processing )s. corn-. 
plcted'. · , , · _ 

A Petri net; like the system ,vhich it . 
models, is viewed a5 a seguencc of.diseretc 

The examplc above illust.ratcs severa! events who~e ord"r of occmrenee is oric of. 
points about Petri nets and the systems possibly many nllowed by thc basic stnic­
they can model. One is inherent concur- ture. 1bis.lcads to a. nondetermin'ism in 
rency or parallelism. 1berc are two'main Petri net exccution. If at any time .more 
kinds of indcpendent cntities in the sys- than one transition is enabled, then any of 
tem: thejob and the processor. In t.hc Petri thc severa! en~bled transitions may Jire. 
net modcl, the events which relate solely. The choice as to which t.ransition tires is 
to one or the other can occur independ- . m a de in a nomleterministic manner, i.c .. 
ently'; t.herc is no nced to synchronize thc randurnly nr by forces that, are 'n0t 
nctions of thcjobs and thc proc<'ssor. Thus modelcd. This f'e<iture ofPetri nets rcfiects 
jubs may en ter or !cave the system at any the fact thnt in real-life situatioris ,:,.here 
tinH~ in~!epm1dent of the action of tht! proc~ severa} t.hings · are happeniilg · éonCur­
e};sol'. ffOWP.Vt'l', w}w.n synr:JtronizatioJ\ is l'Cnt}y, the arder of OCCUrrence of eve"nts is 
n·et't'ssnr.v •. tC1r iu~tancc ·,vlwn both n j(.lb not unique, so ·that any of a set of se­
and un idl" prt>c'"·'"r must. be nvailahle for qucnces may occur. Whilc nondctermi-· 
prncexsing to st:>rt, the situation is also nism is advantageous from a. modeling 
easily modcled. 'l11Us a Pe tri net would point of vicw, it introduces considerable· 
s.,cm to be ideal for modclinq syst"'ns of complexity into the analysis of Petri nets .. 
distdbutcd control with mu!Liple proc,csses. · To .reduce this complexity, onc '.limita­
<X:t'urring concurrently. -. ' · · ' tion is gencrally acceptéd iri the modeling 

Another m(\jor feature of Petn ncts is of systems by Petri nets. 1'he firing of a· 
thcir asynchronous nature. There is no in- transition (occurrence of an event) is con­
hcrent mcasure oftime ol' the flów oftime sidered to be instantaneous, i.e., .to take 
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230 • J. L. Peterson 

zero time. -SiDce time is a continuous vari· 
cble; then, the probability of any two or 
mor~ cvents happening simultaneously is 
zcrO, and two transitions cannot fire si· 
m·oitancousiy. The events being modeled 
ni·~ consideródprimilive cvents. Note that. 
this need cuus" no problems in the model­
ing of events.' For cxample, in Fig. 6 the 

· ~vent 'Proceos a job' was modcled. llut 
since this evcnt is nota primitive onc~ (it 
takcs nonzcro time ancl other cvents, su eh 
r.s thc entcring ami lenvin¡; of the systcm 
by other jobs, may occur at the same time), 
it is decumposed into a bcginning :tnd an 

. ending, which are instantaneous cvent.s, 
plus· thu noninstantaneous occurrence. 
This is shown in Fig. 7. Since this tcch­
nique can be u~ed ·for any nonprimitive 
event, the modeling power of Pctri nets is 
not reduced .. 

The nondeterministic and nonsimulta­
""ous firing of transitions in the modeling 
or toricurrent systems takcs two forms. 
One [,f t.lwse i; shown in Fig. 8, which 
depicts "si multnncous" evcnts that m ay 
occur in'either .arder. In this siluation the 
tw~ cnablcrl events do not all'ect cnch other 

.. ill'anv way and· the possiblc scqucnccs of 
Cven~r.; include sorne in whic:h onc cvent 
oe.:·urs first arid sorne in which the other 
OCCUf3 first. 

TI.e oiher type of sitlwtion; where si­
mlllt::meity causes difticultit.·s in-modcling, 
i~ handletl by detining cvenls to orcur non­
simu!tancously. This is illustratcd in Fig. 
3. Here thc two ennblcd irnnsitions 1; and 
t~. .. arC in 'con.j7ict. Only· une t.runsition can 
fi:--e, ;.;inct~ in so doing it l'emovcH thf~ lolwn 
fnnn p 1 nnd disables · thc other tránsition. 
To Gl~curatdy model n sy:-;t.em using Pl't.ri 
nt·t...s rcquirc~ carefl.Jl attcntion · t_o assurc 
that. in caso~• snch ns the ahove the Pctri 
ncl rellcets al!, and only those, event sc­
qtwnc(•s which are· possiblc in real lifc. 

N()N-PR!MJTlVF. 
EVI-:N"f Ml·:t: 1 NS 

NON-PRtMT'rl\'t 
t:VE:/T t;!-.1lS 

NON-PRIM1TTVI\ 
f:VEtrr OCCUIOtJ tlr; 

FlúURE 7 .. Modcling ora nunprimitivc cvrint: . 
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FIGURE 8. Modeling of "simultnneous" events 
which may occur in cither order. 

'k 

f¡r;uaE 9. lllUstration of conflicting transition:--. 
Tran,;itillnS l¡ und f~: conflict sincc ~he firing of onc 
will disablc thc othcr. 

The two conccpts illustrated by Fig~. 8 
nnd 9, coneurrency and conflict, are basic 
lo an understanding of Petri nets. At the 
same time, lhe usefulness of Petri ·nets as 
models of inforrnation tlow derives from 
the natural way in which thcy can be used 
to exprec;s and analyze concurrency and 
conflict: 

An important aspect ofPctri net• is tliat. 
they are uninterpretecl modcls: .The net of 
Fig. 6 has bcen labclcd with staiement' 
that indica te to the human observer the 
intent of the mmicl. ·but the.se labels do 
not, in any wny. ·affect the·exccutio;, ofth·,. 
net. Thc nct of Fig. 10 is identical to that of 
Fig. 6 in that it has an identical ?trudure. 
However, no meaning is attached to, the 
pinces and trnnsitions in this uninte~­
preted n<:t; wc d<:a!· only with the abstract 
properties inlwn:nt in t.hc! :;tructure of t.hl' 
net. Since we are intcresteJ in the propc·r· 
ti es of Pütl'i nets per se,· in Í.his puper \\'t' 

concern ourselvcs only with unintcipretcd 
Pctri nels. . . 

Anotl"'r valuable fea tu re of Pe tri ncts IS 

their ability to modcj·a syslcm ·hierarchi' 

-~---·-0- ---'-·--

FIGURE 10 .. An uninterpretE 

callv.'An en tire' net may be 
single pbee or tran~ition for 
more ab_stract level tabstrric 
and transitions may be .rep 
nets to provide more deta 
(rcfinement). Figure 11 illm 
erarchical mcideling capabil' 

Most of the work on Pctri 
in the investigation of the 1 
given net or class of nets. 
attention has been p,iid 
modeling tcchniques specifi 
nets: However, there are ce 
which · Pe tri' ncts \.· '.¡ se 

. perfect too! for ··moc .g: t 
which 'events'occur asynchro 
dependently. Thcre ·are m' 
sorne of which we prcs~nt h 

Modeling of Hardware 

. Large, powerful computer 
use asynchrorious paraller a 
effort to achicve maximiii 
and hence increase eflecti 
spced. In comput,rs such· as 
[91] and the IBM 360/91 [4] 
multiplé functional units a 
perform computations on. r 
ters. The control unit of th 
tempts to kcep severa! of : 

. operation simultancously. 
However ,' the introductic 

ism in this manner must b1 
that the results of executin: 
with anil \vithout. parallc 
same. Certain operations Íl 
wil! require Lhat the re;ul 
opcral:ions. have been suc1 
puted befo re the following ir 
proceed. A system which int 
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· F1~~ lÓ:. Án uniriierpreltd Petri net. 

cally. An entire net ·may be repláced by a 
-single place or transition for modcling ata 

, more abstract leve! (abstraction) or ¡Ílaces · 
i · and tninsitions may be replaced bv sub­
! 'nets to provide more . dctailcd rrwdeling 
'¡' •. (refmement), Figure 11 illustrates this hi­
.'. erarchical modeling:capability. 
· Most.of the wo~ on Pe tri nets has beim 

ih \he Ínvestigation .of.thc properties of ·a 
given mit or class of net.s. Little explicit 
attention has been paid to dcveloping · 
modeling techniquessjlecifically for Petri 
ne!S. However, there are certain areas in 
which . Pétri net.s. wotild seem to he: the 
peñect._tool for modeling: those areas in 
which events occur a8ynchronously a·nd in­
dépende~itly. ,There are inany examples, 
sorne of which we present hére. · 

M~ileling ol Hardware 

Large, '·:poweñul computer systems often 
useasynchronous parallel activities· in an 
effort 'to '_achieve maximum parallelism 
and hence increase elfective processing 
speed. In computers such as the CDC 6600 
191] and the IBM 360/91 '[4], for example, 
multiple functional unit•· are providÜd to .· 
peñorm cbmputations on. multiple) regis­
lérs .. The control unit of the machine at-. 
t.empts to keep severa! of lhes.e"'units in 
operationsimultaneously. -'/' . · 

However, the introduction of paralleJ,:'' 
ism in this manner niust be controlled·S'o 
that the results of executing the prog:ram 
with a'nd without parallclism are thc" 

-PetriNets • . 231 

ldism into a sequential progr~m in such á 
way asto maintain correct resulls is called. 
delermiriate. The conditions for maintain­
ing det.erminancy ha ve becn considered by 
Bernotcin [-JO]. Thcy are the following: For 
two operations a and b such that .iz pre-

' cedes b in the 'linear precedente of the 
program, b can he started befo re a is dónc 
if iu1d only if b does Í10t need the result ofa 
as an input and the results of b do not 
chimge either the inpulo or out¡mts of'a 
115]. . . . . ' " . 

One method of applying these con­
straints to the construction of the com­
puter control unit that is to issue·.inst.mc- . 
liohs is to use a reservation.table.':An in­
struction for-functional unit u usin!l regis­
ter8 i .j, and k can be issued only if ;;lll'our · 

·. ó( thesc componcnl~ are not reserved;·· if 
thé instruction is issucd, a 11 toúr of them 
beéome reserved. If theinstrúct.ion cannot 
be: issued at this. time, the control uiiit . 
wilit~ until the instruction can be issued 
bet'ore · continuing to the next instruction·. 

This sort of scheme can be modeled asa 
Pctri net.' To each functional unit and'each 
1'e¡iistcr we assoGi;<te a pla~e. lf the un_it or 

. register is free, a token will be in_the place; 
if it is not, no token will be in' the plaée. 

. Figure 12 shows a portian of a Petri riet 
which could be used tu model the'execution 
of an 'instruction using unit u and regiS-

.-. , same. Céitaili' oper;;:tions in the prográin 
will require that fue result.S of pi'evious 

._ operations have·. been. successfully com-
. ,. · · · • · · FH:mRE 11. .. Hierai-chical modcling in Petri ne~ by 

. puted bef9r.e tpe fol1qw~_ng ~~tructionS .c~n . . i'epladn:g PIBces or U:ansitions by subnets (or ~iCe 
_ proceedi,Asystem _which intrOduces p~á.l- · · · . versa). · ·' 
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232 • J, L, Petersori · 
INStJi:UCTION USES UNIT'u -· 
~:Rt:GISn;fts :1, j AND''k. 

'· 
·_¡J; =~\~~T~~~~~~--- luld~, it c~h- tUrn ~ut:.~esul~ at the Tate of 

one every .1 time unils. . . . . .'>"t, 
,. ~ ·' . 
. -!·~-' t' ; 
~: .... ; 
mfi:'T u 
·f~;FREE 
' .-.~ 

. ' 
f;s án example, rorisider the addition of 

·• two. floating-¡ioirit 'itümbers. The · gross 
,.. steps irivolved are: .. 

a) Extract the · exponents of the two 
numbers;· · 

b) Compare the-exi>onents, and inter­
change if necessary to properly ar­
der the larger · and smaller of the 

~· '.i. · exponent:S; . '. . 
~i¡•~,~0 , , . . : e) Shift t!i'e'smaller fraction to equ8.l-

: ' lNS rRUCT100 iz:C CXpórients;-· 
COMPJ.f.Il!:D 

REcrs"" 
0 

d) Add fractions; 
• ts rnre , • e) Post-normalize; ' 

e FzdusE 12 .. A_ portioñ {!f'~ P~tri n~t inodeling 'a o Consider . .exponent overflow or un~ 
oonirol u_nit for a computer wlth multiple rcgisters dcrflow, and pack the exponent 
and múltiple functióna1-units. · . and frnction of the re.sult. '· 

' · ' · . Ea eh of th ese steps can be performed by a · 
tersi,j, and k. Modeling the entire control separata computational unit, with a pai·· 
unit would ofcourse requirea much larger . ticular operand being.passod from unit to 
Petri net. · · , · · ' unit for the completeadditiqn operatiori. 

'I'he scheme described abóve is a very The coordination of !he different units 
sitirple· methOd of-intrixlucing parallelism, can·be handled in severa! ways. Typically. 
and diies not considci, for · example, the the pipeline control is synchronous with 

. fact that inúltiple functional units can use the time allowed for cach st.ep ofthe pipe,' 
the same register as an input simultane- · being some fixed constant time t; every t 
ously. Thus, this séheme may not'proouce timé units, the result of each . unit is. 
schedulés with maximum parallelism !55]. shifted down the pipe to become the input · 
HoweV{}r, tliere are other schemes which: for the next unit. However, this can un­
can .do so:· These (more coniplicatedJ.' necessarily-hold up proceosing, as the time 
schemes ·can' also be modeled by (more needed rimy vaÍ"y from stage to stage and . 

. coniplicat¡,d) Pe tri. nets. For exampli>, the · may also vary for different inputs, For 
CPU of a CDC 6600 has been modeled by a · example, the po~t-normulízation step in 
Peti-i nct [90]. This model was u sed to de- thc floating-point addition above may tukc 
tcrmin·,· how ,,f,ject ctode should be gcner- diiferont amount.s of time depending on 
ated to minimize execution time by maxi- how long the normalization shiftshouldbc 
mizing parallelism between the various · and whethcr it should be to the left or !<J . 
functional u,nit.s. . the right. Thus processing might be : 

Another approach to the ccinstruction of spe~ded up by an aBynchrónous pipeline in 
· a high .. performance computer is the use of which results from stage k are sent on to 
· pi¡iel_ines [13],· Thi0 techniqúe is usefúl, stage (k+ ll as soon as stuge k is.done anJ 
particularly for vector and array process- stage, (k· + 1) is free. This scheme can b<' 
ing: and is similar to the operation of an .'easily modeled by a Peiri net. . . 
assembly line. The pipeline is composed of .. Consideran aruitrary stage in the pipe· 
a number of.stagcs, which ·may be in exe- line. Operations at this stage require cer· 
cutiori simultaneously.' When. stage. k fin-· ·tain inputs and ·produce ccrtain outputs. 

· ishes, it passes on its results to stage (k + Obviously, there has te. be a place .to put 
·¡¡ and looks to (k.- 1) for new work. If each the iriput.s and outputs.' Typically, this in: · 
stage takes t time units and there are n ·vol ves regist.ers:- the unit uses the valW-' 
stages, then the complete operationfor one in its input register to produce valucs in it-' 
operand takes nt time units .. Howevcr, if · output register, It rnüst then wait until J.l 
the pipe is kept supphed with. new op'er- ·,a new input is available in its input regí>· 
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te·~ a~d 2) itS output registí 
tied by being copiedinto ti 
of the next stage .. Thus th• 
pipeline née'ds. to·Juiow wh• 
conditions' hold: . · , 

e input register full; 
o input register empty; 
9 'oulput re gis ter full; 
o output' register empty; 
o unit busy; 
o unit idle'; 
o copying'tak_ing· p!Dce . 

. Figure JJ shmv¡; !he Pe 
modéls the opP.ratinn of.n~ 
pipeline of this kind. Othcr 
line control units can also 
torms of Pe tri nets. 

The above examples sho 
uses to which Pe tri ncls cal 
modéling o(hai·dware. Petri 
been associated with the 
general mOdular as~·nchro 
[22, í5] and macromodules [ 
well, Petri nets ha ve beén "' 

. •, 

' ¡' 

lr:-IIT k· f 

CO!'i' Jo..J 

J::PUT. Of 
k¡t t1.'LL 

' 
' 

fiGURE 13. RCpresCntatiorÍ of an 
pipl'Íined control unit.. Th~ block O 
k·fl Ls modeled by tlv~ Petri net on 
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!m out !esult§. at the rate ,,¡ 
ne unitS. · . · '·' · · : •· 
pie; conside~tke ?dditi¿n of 
Jomt num\>C¡s., The · gross 
are: .,.. 

lhe exponents ·cif the . two .. ' . . 
f 

the expomintS, and ir\ter­
' necessary to properly .or­
arger atid snialler of the 

~ . 
s; .. . . . 
smilller frai:thm to equal-

lents; · 
tion:5;

1 

• .\ •• 

malize; . 
ex¡ionent OVerflow Of UO· 

and pack the expÓnimt 
:ion of the·nisult.. 
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' ' ·.·. . ' 
. ,:;.t·r· and. 2,) its output r.egistet has be en e.m.· r· . gating the fault-.tOlerah,t propertiesofdc· .. 
,:· tiéd by being copied Ülto the input reg¡ster . signs [48]; . . . .. . . 
j; ofthe riext stagc. 1'hus the control for.the 
. ¡; pipeli~e. needs to k_now whcn the follo~mg ' .Modeling of So.itware 

. :. cónd1bons hold: , .. 
é, i:. • input regisier ~ull; On a more abst~act leve!; Petrí nets can 
· ·Ji • input register·empty; also mOdel software concepts [24, '77; IÚ] .. 
·. !· . e ou~put:regíster Jull; · . Resotirce allocatíim, deadlock, and process 

¡· · . e output regíster empty; · eoordióation in an o¡ierating system can be· 
' • unit busy; mOdeloo. A process can be modeled.by a· 
. • unit idle; Petri net in the same way that it can be 
1 · e copying taking place. · modcled by a ilowchart, and' then the:. in, 

·. ·,¡ ·Figure 13. shows· the Petri net which teractionq between proccsses can·. be . 
¡· models the · operation of an asynchronous ·. modeled as additional places, ares. and · 

pipeline of this Kind. Other forms (!f pipe- transitinns. . . . . 
Jine• control units can also be defined tn For e<'ampie, consider ihe inutual.exclu· 
terms of Petrí.nets. · . .· ., · sion problem [25]. This is n problem of 

<. Thé above examples show sorne of ihc enforcing ·coordination ofprocesses in such 
. 1 tLses to which Petrí.ncts can be put in thc a way that ·particular· sections of cede 

módeling o!' hardware. Pe tri nels ha ve al so called critica! sections, onc in, eac\1 proc· 
been asBociated with . the déscription of ess, are mutually excludeu ·in time: .Thnt 
general· modular asynchronous systems is, if Process 1 is executing ils critica!: sec· 

.¡ [22; 75] and macromodules [14]. At Honey- tion then Process 2 may not begín its criti­
j well, Petri ncts hav~ beeJ_~·used for invesl.i· cal ~ectíon ÍmÜl Process 1 has left its pwn 

·J critica! section. At its highest leve]. of ub-

~t<ips can be .perform~ by a 
nit.ational Uilit, with a p·a,. 
td being passed from unit to 
mplete additfon oñeration. 
mtiori'of the diflerent unil, 
d in severa! ways. TYJ>ically, 
?o.n~: ,;is syri~hrónous with 
··ed ' ··,~ach step of. the pipe, . 
xed const.ant:timé t; E'!Very t . ; · ,· 

. ' / 

straction, the situatíon is íllusirated as 
follows: 

lhe result of .ea·ch tinit is 
the pipe to becoine the input 
1nit. Ho\vevet:, this cail un· 
>Id up ptocessing, ·as.the time 
•ary' from st.a'ge to stage ano 

., 

ry for dífferent · inputs. For .-·¡ 
pcist·noimalization ,step in 

oin~;'[lddition above ~ay take · 
mnts of tim.e \ dcpenging "." 
llormalization shift should be. 
i t should be :'iD the léft or !o. 
rhlis processing . tnigllt be .. )~ .. 
· an asynchrorious pipeline in ... 
fróm sfuge k"- are Sen t. on to ~--. 

» soon·as stage·k is done und· . ·,. · 
i s free.' This se heme can u e · ...... 

d bv a Petrí net: • . ..,. 
1 arbitrary stage .in t11e pipt•· . ., : 
ms at this sta.ge require cer· · .. 
nd producé certain outputo.,i 
,ere has to .b~·a place to put'' ' ' 
d otitputs. Typically, this in· ·;' 
!rs: the unit uses .the ·~alue; 
gísterto.produce values in its 
"· It mtist then wait until li · í 
s av: le in Ú:s input regi;· ..... , . 

. ·--· 

•:' 
1 
• ·' 

./ 

INPUT' OF 
k+l nn .. t 

\ ··~- ...... '. ' 

/ 

ouTruT '(:w 
. k·l fULl 

INPUT m 
k-EMPTY 

Fi~u~E ~3. R~presf!rita·ú~'n: of an asynchrono~s. 
,pi¡}elined control 1!-flit. ThC block diagra_~ on the 
left iS tnodeled by .the Petri ~ct on the nght. . . . - . . - - ' . 

', .. ' ; . 
}:' ... 

Proccss 1 l . 

ai~:~a~~~tion 
xit Code 
mainder . 

1 
Hall 

Process 2 

J 

The Prob}erri·is to ¡btii-1e ~-ppropriate éntry 
~ode· and exit code lo assure mutual·cxdu­
sicn. 

Thc mutual. exclusion problern -~an be 
Nisily ;;o! ved by usin¡: P im.d.V opcrations 
as dcü!led iri 1~5] írJT process synchroniza- .. :· 
üori and coordinatioÍL Ti le P. and V D¡_x·ra- ·· 
tions opera te on semaphores, and · on iy P .. 
and \f instructíons m"y be"executed on á .. 
seinaphore. (A semaphore S is ·a variable 
· \vith integer values.) These operations can· 
be ;dcfined a5 follows: · · 

:PCS): AssoonasS>O.~tS:~S-1; 
V(S):. S:~ S+!. 
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These are indivisible operations. A process 
executing a P operation must wait until 

·the semaphore is positive befare it can.dé- · 
crernent it and continue. A V operatimÍ 
·simpl y adds one to thc semaphore (pcr­
haps 'nllowing sorne other process to 'exe­
cut" a P operation). Two processes cannot 
exccutc P or V operations on the same 
seniaphore concurrently. For example, 

Pnx:ess 1 
,Pfmutcx); 
"Critica! Section"; 

·-Vtmutex); 

Pmcess2 
Pfmutexl; 
"Critica! Scction ";. 
V(mutcx); 

is a ~olution ofthemut.tial exclusion prob­
lem diagrammed abo ve using P. a nd \1 op­
eratíOns! Which are primith·e, a nc1 thc 
sem:Jphore "mutex" wbich is glohal to the 
two processcs and has an iniiial valuc of 
one. ·.. · ·· · 

P and V ooerations have been us~d 
widdy. Syster~s ofprocesses tbat use these 
operations can be modcled by Petri nets 
(see [74]). A semaphorc is modcled by a 
place; thc number of tokens in the place 
models the val u e of the semaphore. A V 
operation on the semaphore places a· token 
in the,semaphore; a P operation 'removcs a 
token (it wnils until there is onc to re­
move, if necessrrry). This is illustrated in 
Fig. l•l. Tbe mutual exclusion problem can 
then be modelcd as shown in Fig. 15, in 
which the place S morlds thc semaplwre. 
Note that places p 2 and P• are mutually · 
excluded. 

The modeling of P and V operations by 
Pe tri nets has result.ed in thc d iscovcl'}' 
anrl proof of sorne limitatioris of thcse nels. 
Patii showcd that certain process synchro­
nization problcms (sucb as the .Ci;~<ll'dtc 
Smokers Probkm) cannot be sol ved hy P 
and V operations [74]. Other work follow-

P(S) V(S) 

(a) 

FIGURE H. Examples of mode!ing .\vith scma.' 
phore5. (a) Mode!ing- of a P operution; (b) Model. 
ing of a V opcratirm. 
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F!c~lJf~;: lii. A Jl~tri net modd of a PíV solution ro 

the mutual_ exclusitiJI prob;em. 

i_rlg up this tóchn"ique ofu:::ing Pctri nets to 
prO\'e Propertic;; of semaphore f',ystems is 
re¡:)[)r[('u in 1571, 13], and 1561. 

These simple· cxamples can only p,r~vidc 
a slight indication of the modeling powcr 
of.Pctri nets and ·thc rnany di verse ·system . ., 
that can be modekd by tbem. Ivlany other 
arcas of study ha ve belln. mentioned as 
pos,iblc subjects of Pe tri net model ing, in­
cluding resource al!flcation, operating sys· 
tems 1711. queueing .r:retworks. traEic con­
trol, distributed computer systems, legal 
systcms 1651, proob in rnathcmatics [30]. 
and hrain rnodeling. -Whife tnudt work in 
dcvcloping moddiJ·l.~:' tt·chniqtJes ·· n~mo.ins 
to be done, Petri ntLs are a very powerful 
modeling too! that can he applied to .a 
la_rge variCty of systcins. · 

3. STRUCTURE OF PETRI ~ÍETS 

The use of Petri n~ts·. for the modeling of . 
·concu,rrent sy::;lem::::,retp drcs a careful un­
derstanding of the prop,:rties of such nets. 
The d~velopment (if án itppropriate theor.v 
has_ motivated mn~t of the rCse:Jrch ori Pe­
tri ·nets. Thls bm,ic theory is presentcd in 
tbe following sections. Since this papcr i> 

· tutorinl in nature, we ha ve triCd to l_imit 
the fonnality ofthe 'prcsent.ation; bowev('r. 

. al! uf the' t::oric~pLS pre:::.ented hcrc· h;nT 
been rigo·rously (leiilled a"nd fOrmalizc(f in 
the Iiterature. Thc rt•ader who is intrr· 
ested in a m'ore f<JTmal tmatincnt shouid 
consult thc refercnces. 

·Pe tri ncts. are composcd of two bn''l'' 

; . 

! 
• 

romponentso a set of places, 
rransitions,.T. To complete 
it is necessary to define ti 
hctween the places. and ti 
This can be done by specif 
tions connecting- transition 
the input furictirin. andO, ti 
tion. The input function/ dt 
transiticn t1,"lhe set of inpu. 
n·;m.sition J(t1 l.. 'n1e ·output 
ímt~S . .for each·transit ion t1, 

¡~:d P!acl'-~-for the transitior 
Ti wse four i tcms define ti 

u Fetri net. Places and tran 
fundamental' undcfii1cd cae 
no'c thoory; other concepts . 
tt.!rrns of Lhe.se cnncepts. ,For 
rd C.: is defined as the four· 
7', !, 0). 

Consider the following , 
net structure, . defiiied. as 
Each component of the strur 

C = (P, T, l. U) 
P-= {p~> P1• p~. P•··p,} 
T = ~t 1 , 1:, ~.t.} 

l«,l = {p,} o· ·{p. 
lit,) ~ {p,, p,, p,} (j . {p,] 
lit,i = {p,} Ott.,i = {p,) 
ltt,) = {p,} ,, 0(1,) = {p,.: 

The Petri Net Graph 

/-.lthough the ddinition gi 
Uidul and appropriate for 
.,..ith Petri net.s, it is iiJ.suite• 
iration of many of the con• 
ni~!s in an infornwl and intu 
l'i:;r~. ri1annel'. For this purpc 
n:pre::;entation of a P~tri nei 
fui: the Petri net graph. Fig 
the Pctri net graph corre8pl 
5lructurc describcd ahove. 

A Petri net structure cuns 
tr(jrisitions, Emd the input ari' 
ti<ms. In a Petri net graph : 
types of nodes corrcsponding 
i.lnd transitions ofthe Petri n1 
r:ircle reprE::sents a piace, am 
~1.·nts a ·transition. TI?e inpr 
lunctions are represented by 
from the places to the transit 
ti,,, transitions to the plac< 
directed froni a place p, toa 1 
thE: place is an input of Ü 

'. 



·; .:·:r ·'·.¿:.~:, '> :*;•·,. ,., . ·t>'!•l<
1 
«1(.>:<'~,~.·~ 1~'4,~:';f~·~!tt;f!,lt'1':'"}t;f"fr'lfr·i:';•f~" Í ~,-~'E'ifU:,;.'"~I ''Í ,:):.¡,~~·;:'1 ,t>.1• ,¡>· ~~·,... ~· ,"',')j•,,''.' ~· ,· ·•." 

•, 'i" •_,¡··.'I.~J'!''i''~~.,. >•·1 ,. \•" e,,~' l'''' \'ot r'•' -:,.•.¡' •·; ~~·"·~•·" .. ,,l•'11•,•··•r.":; ···' ~r.t•. ,1,.!;,.¡," 1···~· ".,.,. '¡· • 1'·~ "' 

~:~~~J~~-:~¿~f:::.~ 
';. . ... 

'···· 
1 
· .. . : -~· ·, 

)•, .. · 

~ .• 

).•, . 
i 

0._) 
. ,• 

etri_ net m~cl ~·~_'p¡y ~~i~u~1on 1, 
lus10n problem. 1.~ ·• .- .• ·: .. ,. 

, .• !.-

1nique ofusin¡fP~tri nets to 
es of semáphore systems ;,· 
J; [3], and [56];. · · 
'.Pxamples cáry only. pro~id:· 
t:on of the. ril!'\ieling pbwer 
d the many d1verse svsterrio 
clt·iedJiy them:. Manfo'uwr 
ha·,·i'))f~~~(·n · rricritiOried- w: 

·' of'? 'i~i nct fr.¡odelirg¡ in·. 
e aHocatwn, operating sy"· 
emg networkS, trailic·con­
¡ computer s_)iste'!'s, ;le?al 
roofs In mat.hematics [:Jlli 
ling. \'lhile.much work ¡,; 
:eii'ng techniques remaiJJ.' 
i nets a~eav~IJ' powÓrful 
:hat can be· applied tio n 
systems. 

)F PETRI NETS 

. net.s for the modeling of 
ms requires a careful un·· 
1e propcrtic>s pf su eh nt~i --·. 
: of an B.pprcip~riate thci.J!T_ 
ost of_ t.he rcsearrh On I\ .: 
;ic theor'y iS"':Pre~-ented-iJÍ 
tions .. Siúce· tl:iis p6pcr i.' ;. 
e, we ha,·e tried to lirnit 
1e presentatíOn· hmvc"ver. 
>ts prescnted .. here'ha, ... 
efined and fornuilized:iil 
he reader who is inte~· 
'ormal. treatrilent. shÓuld 
nces. 
com 

:t\ ~-" 
-~::.>~<._ ··' .· 
"• ., . ·;~.-:.' 

·:.--i.r.·~~.~.: .. · -~: . ~ . ". ... ,. -~ 
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'}iomponents: á set~of pldces;'P, ~rid .á set:.iJf,' .. ': 
.·: ·;mnsitions; Tl Tolcóíri¡)lete:the defii:titiori, · :,''!.~ · ... 

~:;:.¡i is necessary t<i defirie the relationsllip:. ·,­
. } lit'tween1the: places''.í1nil tlie trallilitio'ns. 

:7 :1l1is c~h be .apne;bY,.'specij'y_ing twó fuhc; 0-h.t 
\tions ~rinectjhg ,frarjsiti~il$: .tó .Piaces:}l, · . ·~ .· 
.;!¡jhein¡Juifun'c,tió~ •. a~~o; t~t!outp¡jt (Ú*:" ' .:.f,: 

!.-;¡ion. The· mput functwn 1 defines, for cach · ·.·; 
·.~'iransition Í¡, .tiui Sét.ót inpui places for'ilie · . '!' 

·~.-. 
;., 

• !. : • 

.. 
. ¡ 

~ ' . 

... . , /transition J(Í1). Thé1oÜt¡\utfunction O;de- ,· .; ~ 
FIGURE ~6: ·A¡ ~etri" ncf grap~-· · ,¡: fihes,·foÍ eacli.¡tráOSitiori tj; .the Set Üf o'Ut: · 

{putplate~·ror:the:ti·JnsitionO(t,l. '. 1; .· 
.. , ... TheseJourit<mis'define the structur~· of · Si.iJ1iiarly, an are is,directed from a trarisi-
·:;a Pctri net.·P.iaces ~n~ tra~~iti~ns are the, tirin t, toa place P• ifthe piace is an oulput 
·<;fundamentaH1ndefined cóncepts of Petri of.\the tra.nsitiqn. .·· . . ·'. : 

::;¡jet th~ry; othe~~ c?jicépts,' are deli~e<j i~. .A Pctt:t net,gra~h ~~ .'"' d1rect~d ;-~raph . 
',de,nns of.thes~ co11cepts. Forn:aHy, á p\'~t:' s~pce th,e ares_, are dmctcd: In nda~tJo~L 
.:·. ·net e js.defined á:. the four'tuple e ""'<P • .. smce tts,.n,odessan be partttwned tnlotwo 
. ·:rJ. 0).· <: o}• "-. ·, · ·. ·; .. : .:.:, ;· se~s(pla.ces an~d transtlJOns) suchthat each .. · 
(: /, Col'l~ider··uíc. 'foll.~wing ~xample Pétri a~c .'" <i~rec~ed'froll) an elell)ent of one .. S!'t. ·: 

· ::: het st¡-\lcture, deíil)cd p.s .a four,tu~Je.- . (place o~t,anslt!~nJ to an eiem:nt ~f the .. 
:i: Eai:h com¡iorierit:of.the strticture ¡8 given: ··: ot,he; se.t (transttwn or place), 1t 1s a: b1-. . 

. ·; :•>· , .. -''' ; <;/. ' · · ;. p~rttte.dtrected graph. . · · ·. .·· 
'(:,,~c.- <1\T,I,,g> ; -.,. . , \ .. ,,. · . \The cprrésponde.nce between· Petri net . 
. ; ... , .. • · ,":· >, .. P ;¡: {p,\~~P~· p.,p,): < graphs ~nd Petri net·struct.ures is •o natu-

. ·; .::: _ .: · . ·. T<'7 ,tt11}2 ;,~~· t4}· ·• ! · 1:. r:il U~nt in rnost w'ork thcV·are· considered · 
·' :· .... lft,) ":;{Ji,) .· ·;: .¡.; .(J!I,);= (p~¡p,, p,) '; i not·mérel'y' as different re¡.>resentátions•for 

• ·~. /!1,) ~. {¡>,, p,, p,} ... 0(1,) = {i!,) . _r .. ;. h. ' . ..•.. . . . • 
•- 'l(t ).=·{¡j,) · .. : ;: 0(! j = (p ¡: · . i· . t e >arn.e concept,_but rathcr as\the same 
::.'· 111:> =,f,U,).. . ·. •· O(l:).; IP:. p,} · , •. c.orccpt.' Thus '~c·r~t;erto either'_Petri l'et, 
·, •· . •-'. } •;.-.t.·· .. , . .'i ' .... :;•. ¡,<rapbs 'or, Petn ·net strüctures. as Pctri 

· '' .Thh 'Pe tri Net.Grapfi· . ·<f~·. , nels. 'lh this paper we gi\'c our exiunple; as 
. ·' . . . ; .··. . •" . p j • '( hs '}j . d' . . 'd 

·:,' 'Mth~Úgh th~ .d~fi~Ítion. giv~n abóve;~·¡8 · ··té~;:·~i~~ie;::e d~ri~!tf,~-t~~~~~~'}'~:fri · 
. · useíul ar:d appropp.ate Ior f~rmru .:-:'Brk ... nét stñ.ictures; , · :. · · 

vnth Petrl nets. 1t 1s ril-sUlted for tne ulus- ,;, · · .... 
iration' of 'mariy :of the coni:ep.ts of Pe, tri . ' .. 

· Mark!ng~ 
net:; in B.n informal'and ir:~uitive, vet Con- . ... · 

· rise, má:mer; Fór' this··pumose a iÚfTcrent · .A ·warking !L of a. Pe tri. net is an nssig'n­
re¡Jl'esenhttio'ñ of a Pctri il~t is more· üse;-. me ni of to/:en.s to t!1e nlace3 in· that net . 

· fu!:· thC P.e á·( nel g'rilph. Figure' J 6 shótYs :··· ("T(úen'~- is 'u_ j>riffiitiV'~ éoncevt for l:etri . 
[),,, Petfi net graph.corrcsponding-to .. the n'cts.l Tokens'reside in the piai:<:s ofthe 

· :·~tructute deScríb'ed above; . · ·· ·:.'E,'\ -. : he,t. Tbe number ·mid poSition of tukeriS',in 
· .. 'A Pétri nelstrhétlii-e c"~n-SiSb:; of'pifl~e~:. >a~· J¡et may ch'angC durini 'ils cxeeutiÜn. 
:, ,-irnnsitiÓns, ;ind the iriput an.d ,ou tptit fl!nc- · 'j'l1e vector .!L.:,:,. (¡l., jJ.0, .. ·; ¡;.,,) gi ves,' for 
, tions. 'In: a Pétri''net graph theró are:·two .éiicl1 p!a~e in~lie Pe tri ·nd,' the riumba~ of 

t}'pes of nodes ror~eiipónding to thc places tokens iilthat place. Thenumuer of lokéns 
--: anri transitioh.S ofthe Pe tri net struéture: a' in,,pl.Icép, is ¡.,, i ~ 1, ... , n. Wc m ay ais•J · 
·i:'•circle',i'_epresénts:a;·place, and a"baúépre.. !,'.define· a marking function !L' 1' -+·N from. 
-;k.~~ts.~~;.tr~M.itii¡'[lf¡'fhe input ai:td:outpút ·. tli~ set.Of plac'es to thc natural·nÚmbe,rs, 
\:.Jullctió!_l,s ru;e'/epf~?ted bt.dircc(ed ij#s '. N,,:-: ~O. ,l. 2, .;.¡, This ~llows .us to use tJ¡e 
<,e :fr~!Jl t?,~ ~~~~ f':O ~!ltrans1~ons a~d fr~'_ll, .¡ l\~taho'1. ¡J. (¡Ji) . to.specify the nur~ber of. . 
,¡, ~the trans1tions .to·:the .places. :An:~arc,Js. '.tol<ens m place,';,p,. For a·, marking · · 
·,¡.' :directe?:~o~.·a pla.c~.Pi tó ~;U:~nsi~ioif!;:if.~ ; 14:1L<p,J!:= !Lf.,' . •. \, , . · · ", .... :,' .. •· •. · 

. j , .•. the place i8','iiliiiinpút' ófi:'tlié 'tÍ'aiisitioÍt\· '• Jün á Petri 'nebgÍ'aplí; tóit~ris'á¡.e repro- .. 
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. ' . . -~. 
charige; in státc caused by fi 
tion. is defined by a partía 
callcd the next-state functwn 

. . ··; 
.r ·: , ;: · 'Firihg ·a transition .. will 'in ·general 

""'--··'_..·-\,· chimge the Tf!Btking''ofthe Pctri net, ji.; ti• 
a. new marking !!'."Note that sinre. o ni" 
enabled traiJsltions rrtay fire, the nmnb,:, · 
Or tokens in· each plaCe Ulwriys' relnaill~ 
nOnnegativc ·whcn U trnn.;ition ís fircd. 
Firing a tran~ition énn rle!ver remo\7C. to-. 

,. P3 •• kcns thnt 'arC. not t.here: if anv one ·or tlF 
-.. ·- FlcuRE 17. -A-~ked Petn net: .;~:: ·'"iriput plares.'¿f a, tr·ansition ·contains n;~ 

1 ·.·, '. ookens, thcn"thc tran~ition cannot' fin'. 
s~nted by.smaiJ soJid dots inside the CifeJes' ~\gure J8 SU~marizes the possiblr! resu]L 
reprgsenting the ¡ilaces of tbe f!et. Fi@re . of firing a tmnsition: Jf a place is an inpm 
17 isan example of a Petri net graph ~ith tó thc transition, one token is reriwved; il 
[\' marking. ·lt represents tm, structur~ de- , it is an otitput, ~ne t~ken is.added. No ntl 
scribed in thc previous section, with' thc changc occurs if the plaée ¡8 neither an 
marking ¡, = (1' o;J, O, 2): A Pe.tri nefc,,;, ii:íput nor an outpút: or is, both an input 
CP,T,/,O)withamarking¡Lbecomesthe arid an outpút:'Jn the Jatter case, itis 
m'arked Petri net,,M = rj>,, T, f~ O, 'JL): , necessary fo/.a··ookeri oo be;iri the input 

Sinée the numbcr. of iol!.éns in. a plac~ is . •place evcn tiÚJUgh no change in marking 
unbounded over the set of aii markings, · occurs for this plaée. · 
thereis :in iniinitenumberofmarkings fof 
a Petri net. lt ·is, ofcoÚrse, a deiiumeráble 
iiifinitv. · · · .. .. ·,·· · · · · The S tate Spate o! a Pe tri N.et 

' ' ' . 
Exe~ution' Ryles lor.'Markec! Petrl. Nets, 

H.adng p~esP.ntéd thé definitions '!nd rep­
resentations of Pctri nets ancl. their mark­
ings, we now present the ~xec1:1t~on r;ules 

The sta/e of a Peth nct is dcfined by it,, 
marking. Thus the '!iring of a traiisition 
represcnts ¡¡' change in the statc ofthe net. 
Thc sta/e space of a J;'etri net with n plac<'" 
is the set of all markings, i.e., N". 11,,, 

' ,. for marked .Pe tri nets. . , ¡ 
A Petri nct CXf.t:Utes by firing tnmsi­

tions. A trar.sition may fire ifit isenabled. 
A trm1sition 'is cn[lbled if each of its i(lput 
places has·nt least one .. token ÍII it. In¡Fig­
ure 17, for exainple, since the inputs to 
transition tz are placeS p 2,_p_,, ·and p 5 , tran­
?jtion 1, is cnablcd if p, has at least orie 
token.p" has at lea~t one ooken, andp, has 

,__...:-~----"'-'-' ,-----,----~-'1 

· at least one token .. 
A transition fires by removirig orie ooken 

noc 
in 

1 (t.) 
J 

from each of i ts input places an.d theñ de­
positing onc token into each of its out¡iut · '' 
placés. Transitiont., in Fig. 17, with/(t,) = in 

l (t.) 
J {p,} and O (t.,) ~ {p.,}, is enabled whenevcr 

there is. at least one token in place p 01 • 

Tnmsition l:1 fires by reitio~ing one t~_ke·n · 

., 
' ., 

.. 

~·· 
t. 
•J 

8 
1 

u'(P ·) .. u(p) + 1 ~!! ·frorn P:t (its input) and pla~ingone token iri ••.' ''i' · "·''' J - ' , 
p, <.ils outputl .. E.xtm to~ells inp'., ár~,ÍJ<!t · . ·¡ :·,, .. ,, 
affeeted by ·íiriilg t., al,though'· they ,m,. ay.' ,·7,,_!jl_~--''--__:,-~ 

1 . i . 

• .P 1 u~c :In, o(Fj) ;,l.', pi iu O(tj) e.nable addi li onal, firirigs of 13 !á ter. Tra,psi"' 
· tion 1 :~ \~>ith l (tJ = {p2, p3,_p_.,} and Ó(/2) ·.= "¡.-{ci_;,tE is: ·'rh~ .. ~-harl~~~ in' the,marking of a!'~;~·· 
-{p:;} 'tireS by removing- oiÍB_ to~cn frqm: e-~~h-· ; · ... : p/._..;~fch rcs\1lt i·rom fir.it:tg ~, tninSiticin t¡.: ' . - '· .. . .'·.· . 

i 
1 

. t!!'Lhis'funCti~n toa m3rking 
;ition 1; :Yields the valuc of 
lhat results froni the filing ,, 
in mrirl~ing·j.L. Sincc !1 cnn'fll 
c-n:!l:::erl, O(¡tJ.,_: is nndefi11e 
f'nahied in rru.i:·king· ¡t. Ift1 iS·~ 
_:,¡ i'-· t) = í-1~, '.~:i)r.rc .u' is.the 
r·;sults from removing token: 

. ¡mts of t, and adding toke~ t 
uf fJ. · · 
· Givcn a Pe tri net anJ an in' 

,v.'). \VC can exerut'~ the PetriJ 
~ive ·transi tion fi ri n!u;. ]:¡,iriri.f 
1, in. the ir\itial ma;!Ún¡.: pr; 
rnaridng JL

1 
.::::_: ó( 11u, tJ). In-tE 

•"ir.g,- ~\.-e can 'fire· any jle\'f e'n 
tim.l: .s~ty tr,, 1\~SU~ting in a: 1 

,.,.2 = ó'tv 1, t~;). This can contü· 
therc is nt. lenst onc enable"d­
t'a('h nmrkirig. If we 'rearh ·t· 
whith no t.ran~:it!on e~ :~?n~H 
trr:.nsition can.fire· :mt'~r· \~e~ 
Pf:tri ne·t n1u~t sl.Gp. 

As an t~xa:r'nnle o.f Petri rr: 
ccn:3ider thü e;-:~cution or'the_r 

, !:t!t ofF'ig. 17. ln-thc marking 
1). 2J, t.'\\.-o tran~ilions,. t1 aíü 
h!cr.l. ChoOsi ng on(.' nrbitrari~ 
-':: r'~rqducing' t.hc markif'Jg 3U 
1_1.1, 2,1 .. -:;:' !-'~·In ~his rnarkine:.· 
:md t.1 are ~::Dab!::.•d: Firing -t,. 
marking to8(¡.L 1

, t;! =(l. 1; L 
~!.-.!: t 1, l::., ni1d (¡ are cnableri 
.:.;u lis in p.:1 =,)(¡.J.:!., t 1). = W. 2. 
proees.s C::ln continue as longri 
l!'ansition is· •.:11~1hred. 

Two ser¡~;.enc:es result" fnmi' · 
r./' the P~tri t1et.: a sequer,·~¡: 
)¡1.'!, J.L 1, ¡;.2 .... ).anda 8et:Jú_·; 
~ions (til'llo l;¡ 1 ~, (_;.-:__,, ~··) Sllr_h-?._. 
""' ¡tk+l fu!· k,--::: O. 1, 2: .... ·1 

' . . . . 
·ihO\'e tlw tran::·.!r.:on se:.~;: ,,-, ... 

···; thereforc .iu = 3, } 1 ·= :' 
r;iven the tran:-iition seque1 
•.·:. 1a eaSily derive the markl;- · 
t":ií! execl~ltion of the retri i 
!•w íl fcw deg(~nerate net.~, ij· 
1:1g ~cquencB \\·e can d(·riv~ 
:l:quence.' Both of t' ~­
¡:rovidc a record nf the .... 4.1!ci • 

. l . i. 

. ¡, . . . / . ' . ·. . . --~J::;'~ . j, J' ,• , .. 

_c_·..,:·•_:-"'é_' :~put~,··~u~:::::~~:p~w~2.1~J:t.~~>\~· .. ·,·,:';:):·.:::·~.;,,{;:~.:.t~r•-·-~-~-,, r;_. · , . .'., ,. 



.' .. ¡-•·· .... ·-::r.-.·-~ f~-'~,-· 

· .~.~<,.~.~,~i~E,:'~i~~~t·. 
~-.::-.~-

. :; ~;~ . . '·' 
.. 

. ;.;¡ ' " ,._ '~ ·-··:··. 
:"; 1'.· • 

' ..... 
• ~¡· ¡ •'· 

,, ,'' 

1;, '\ 

' :-

·;. 
. i 

• • ~ ;/.:. • 1 •• 

p, and then,puts•one t.óko-, ·{:,cll)¡n¡;e.it\_ sta~é cau~d b:; firing•a tfá.n~j¡: .The''Reach.' abillty. Set of a Petrl Net. . . , . 
·.. • ·, :~·-:-:. , .. • • ·:;. , 1 'rión IS definéd by a partlal functwn . .S, .· .. ·X . . ;. · · · · · · · · .. · ·. 

transiUon . will .i'!.:- geii<·ra' i::i.illcd iiie néxi~state.function·: Applifaü<iií.' :· !:'r'\m a marking ·!J., á set of transition fir-. 
~.ku~g o~th~'P~tr,i net, 1,,.:· L_,r.this fúñctioñ t.O'i{ J!ÍÍÚ'king )L and aitrali: ,n:'gs is pqssiblc: Th~ resu¡t of firing a traf!: . 
. ,.., 1' . Note .that- smce on;·.: , ;,¡¡ion 11 ~ yieldiHh~ ·válue of.the marking· · s•t:o~ ma mar~•ngp:1s a new !T\arking 11:. 
·::.nms may fire, the riumi.. . Yrhat r~sults fr\)m.thé firing of transitioritt . \Ve "ay' that !J. .•~;mmedtalely reachable 
,.,·,·eh place alwá.ys · rem;:;,: : '¡[. markipg )L::·si!]ce;l¡.éán tire only'ifif·¡¿•. fro!D- .~'- 1fwe can !~re sorne enabled transi' 
•·hen a .tra!lSition: is ·¡¡,.,.,: , n:nabled,i;li(IJ.;t,)!is undefined if.t¡ is riot ho9 r.n the markmg .~'- resultmg m the 
:ition can never rem<ive ;,: i é'nabledinniarkirig'¡J.: lfl¡ isenábled;tQeÍi ·:"!arkmg·f':: A mar~ng ¡J.' IS reachable 
, not there: if any oné of tJ1,. ; ·s(p., 11¡ ;e· !J.', whef,ei.t' is the marking thiít f10!ll_IJ. if1t IS 1mmedwtely rcachable from 
of a transitiori. cóntaiil" 11 ,, ··: 'rrsults.from removing tokens from thé in- · !" ?r 1s re~chaLle from any markmg,wh•ch 
the. transition cannot ¡¡,.,. · :putS ofl¡ and adding tokens to the outputs 1S 1mmedwtely reachable.from 1'-·. \\e then 
:marizes the possible res u';. : of !¡. · · define the . ~·eachab1hty sct R (M) for a 
isition. If a piace. is an'inr.u; ; Given a Petri net and.an initial markil1g rparked Petn netM ~ (P, T,I, O. !J.) as the 
on,. one token· is.réniovo<Í· ;. .,,¡i', we ean exécute the Petrinct by succes- ·. set of all markings which cail be reached 
'one token isaddcd .. No ~.:: ¡ :sive transition firirigs.·Firinaa transitioÍI · from IJ.· Tbis is· the reflexive ti·ansitive 
if the pla~~ is: neither. ,;, , · 11 in tlie :iniUal marking pr~duces a ·n~w closUre óf the "immediately reachabl~" re· 

output, or 1s both an innu: . r. rriarkirig !1-' ~ Ó(!J."ilj).Jn this ncw inatk- lat!onsh1p.. .. . . . . . . 
L In the látter'case, it i/ ing; we .. can flre any new énahlcd tral1si·' . :Thc reacliability, set of a marked Pctri 
a token to be ·in ihe in;,;¡¡ ! .. ti?ri, say t., :res~lii,ng in a:·new. má.rkin,g :. net·rs the set _of all states mio. which ~he 
mgh no change ~n r,nark.inr ! w ~ o(!J.\ t,): Th1s can contmue as long as Pe,tn ne~ can en ter by any posSlb!e execu­
place: .· · ·· .· .. 1 there is at least oné enabled transition 'in t1qn. Hence many analys!S questwns deal 

· , . ¡ each marking. lf v.;e· reách a marking in , •. :with properties of the reachability set of a 
:e of a Pe tri Net ¡ which. no transi tion is cnabled, then no Petn net. (Th1s IS d1scussed m more detll!l 
Pet · •' t ·. d fi d ¡j .i iian~ition can tire anr:i the execution'ofthé. in SecUon 4.) . 

' t·l 'e IS fe mte .. t 11 • : Petri net must stop ::' : . ·, . ·, . . ~onsidcring "a Petl~ net in tem!s of 
• . mg o a, rans1!10n ! ·. . . . .. ' · · . ·, · .. ' , ta. t · • d t · h b · · 
:ange m the stli.te oftlienet:- ;y 1\,~ ar¡ exainf!\~ ?f •Petr1 pet execution:: s , es .an · sta e_ e anges m~y o scure 
• of a Petri ,fietwith·n';¡lia<'t·e :. !-:,co.ns•de~,the exe9ut!'?'1 ~f the marked P~~n : ~o~e of.the more 1mportant concepts relat-
1!1 markin!:s." Í.e.'i" N~! The . :¡-;net ofF1g. 17-;In,th~ m~rkmg !1-" ~. (1, 0.• ·1, mg · to;,concurre!'t systems that. c~n; be 

. · · . . 'i ·· ' ~: ·; ¡ 9 •. 2), t~o trans1tions, 1, imd 1,, are ená' · modeled by Petr1 n~ts. One of these 1s the . 
---Te--+-'---':...;..'-.., ·,¡,.bled. C,!J.?osirigone.arbitrarily,wecan_fire cqncept of locar changes in -~tate,· as 

· '· : 1 1
3 
prod~cing, the marking 8(j.L", t,) ~ (1\'0, · · mo<:leled by trans•tJ,ons. In a COI\Jplex sys-

) 

. "·.. ' ·, j 0, __ 1, 2) :;> ~'-'· InthisJilarkirÍg, transitioi1S'i,·. tem composed of independent asynchro-

·a·:· .. 'J : i . and kit¡ li!e enabled. 'Fii-ing t, changes'the . ~~,uslydop1 edrabtmg spubtpartst, ~l~hch partb.l~an · 
. mar'ngto8(j.l';t,),.,(1,1,1,0,2)~1J.'iln LJ<:.m?_ee. ya _enne. · cenamg 

.: 1 ·¡ p.', t, 12, and 1, are imabled. Firing l(i-c- a1~d hrm_gof trans.twns are then affected · 
. sults in. ¡J.'~ 8(¡J.', 1,) ~ (0, 2; 2, o. 3). This, _!Jy. ,and •_n ,turn affect only: local ~hanges 

¡· '' .process.can contmue.as long as at leastone m L•e mar.nng of the Pctn net. Scparate 
_,.,,. ! . tránsition is enabled.' · ··. . .: ···.·: · ,:.parts ofthe total'system may operate in.de-

i} tJ'(~'¡)~ .. '.<•,>·;. 1 1' ' . . • ¡ 1 . . ---+~....:.:..:.·'-'..:.__::_~· ~ '.,. Twri seqüérices·résuit from the execilüOn . 'pe:nc ent y une! con~urrently: The v iéw_~of 
·.: [ ' of the Petri 'net: a! sequéncc of markiiws NtrLnets presente<! here, with a g!ó'bal 

· tj . ! 1 (JJ.0, jJ_1.·, j.L2. :~·), aml·a ·scquence of tr::ln;i ... st~tc aild a global scqu~nce of p·n"nsition3. 

8 
· Í , ,tions {tk

0
;, f;m, 1,,: ¡:·) sucli lha,t o(IJ.'',;t!<';l ·ca'(lhidc tiw Üilierimt modul~riLy and con· . 

1

: · ·= ::: p. k+ l. for ~- = _o~· 1;, 2, ··.·,. Ii1 the· ~xar~~le · .. _~.t_:.r:·l_~ncy 1 n th:. Pe~ ~~~ m?CJe!·· How~vr::·· 
•• .· . ., . aboy~ ~-h~.-t~~~ltlC?~ se~~ence \\~as ~a. ~~--; t ¡~ . ~t:S¡Jlte sor~ B. 1~p~1_tant o!~Jf:CtiO~s to th.I_s . ! "·; therefore Jo =·¡3, 1, ~A, Jz ~ !}··':· . .. ~utomata-t~eory-related conceptwn .H4!. 

·. · l' . Give'n the ti'imsitiori:' sequence and ¡L~¡';we ,:'·n¡pst research' in· the United Sta tes has 
,. -.t., u',Cpi) ... :~ u(p~> ~ ·i - : 1 : can e~ily deHv·e the:markirlg'sequencffor ~· ·been ba.~ect ~n this_· approach. · ~: 

. , ·.• '<•1> • ·' . i , , the exeéutióh ofili~·Petri, n¿t imd é1<cept · • · 1 · · • · . · · · 
. ' :· .¡'·.for . e .. 'd · •.·· ... ··!:··.·. ¡·: '·'. ·· th'' . ''·k ·\: 4.; ANALYSIS OF F'ETRI NETS . · .. 

P .:
1

n 0(t > ·.:-J ··. a}ew, -~gener:~~-ne s, g¡ven . e ID:aJ .. •• --··: .. ,, , .' . . . _ . , . 
. 1 · J ·, i' mg Bll_que~ée, w~ can dcriv~ .. thc trÍliJ.siti~•< ')VliY should systems be iriodcled as' P~tri 

Jange• in the, Íit•rk:ng of.i pi'". 1,:, seql.!ence. ~?th •of¡tp,ese ·sequences, ~h.';'S. r ;\'~ts? _Odgmally, the Pl.!rposc wás ~ainly 
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'rom f ·a tiansiuon t,:;. '.;, prov1de,a record ofthe execut10n ofthe net.' i:iescnptLve. Petri nets with their unifonn 
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andsimple e~ecutiorirules,•Ca.nbe used.to .. that the aiialysis'"proéedures are toan: 
describe a system in'' iimns of simple con-: swer, and the properties to be studied. Oh­
cepis which·provide. a natural way to' dé:· vi()usly, the analysis techniqties should b·, 

. pi~ sy~terns of a~)'llchron?Ús ~OI)éurtel~\ órilinted towaros. the- solütion, of tho_,, .. 
procesces [241. Alter: a short urne,- how-.• ¡:i_roblenis· that:''riiost ~ecd to:· be sol ved 
eveh it becam·e obvio\Ís thafanother USe of 'rather than toWardS ar,eas thát are on]y of 

-. Pe tri nets ,\vas to takc the' dÉ.>scription of acaderni~ interest, Wc discuss now sorne ol 
thé "ystem, ·as a Petri. i1<:t, and Únalyze -it .. the ¡'n'operties tllat h:ive bcen 'irivesligatc>J 
foi the nresence of desirablc or- undesü;áblé. for Pe tri ncts. . , · .-
pr6j:JáÚés . . A buuy o(v;ortds being d<i\~eJ- ,One property. of·Petl'i' nets·.derivcs fr01r: 
oped• which .is aimed,.at. dériving, 'from;a : their 9riginal definitioi. in tcrms of_evcnb 
PCLI:i ri'et. ptÜperties, d·r thc 'itct .. afld rrO:m: : arid· Coriditimls~·,lA: cori.dition is repreSenti!J 
lhe&e. the,.¡iropertiesror-the. systein which by a. placé. Thé fÍ:ct :that the co~dition . 
tbe nct mridels. Sorne of the .. analy[ic ques- , holds is' indica~, by a'token in the_·place. 
tións -that orÍe would.like .tO as k ·aboút• a:' Considei-, however, that cither a condition 
Péth net are quite .difiirult; hence,. ie:, ··hofds-or- itdi>e~ not h~ld. Hence, a.token 
striéted"subclasses of,Petri. nets háve been· shoiild either b'é prcsent or it shoúld be. 

--.. defined to make analysis easier in'.speciftc',- absent. -Also; , rió .more than one token · ; 
sifuations. -(This will·be diséussed in Sec- , .should evefbe'present'in oné place at one 
tion 6.J:. . >: . ·~:., -.- ',j' ._'-' :_.¡-;.tiffi~, .as it see~ P\'iriiless to have multi: 

·Following this traiii ófthóught;;ailO_thé,(':.ple',,tokens ;wh~~ one· is sufficient. Petn 
USe of Petn net~ would seem• to be iri' the·- -rietS·.which are· coristr\icted·:such that no 

. desig;, of córicurre!it syste'º~' On~:ir_¡eth<jd; ;m<irHhan ~mi!tf>_lwil·~an evet be in any. 
ofdesigit Would cuíisist in first creatirig','!l••; place qf th~Snet·,a~ the.same time are safi: ' 

., dcsigu in'atraditioííalrcpre5entatioii;fór.:nets-I44J,' ·; :;\- '· ' 1 · · • 

exiqnple, a logic ·.Circuit oi- a progi:a:m;, ·. : AJ:,ot~cr élefirütioii 'of a. safe net )s the .. 
Théri the design "'<ndd li'e coriverted into.a . statement 'that'' there ... is a bound on the 
Petri nct and the Piith net 'analvred: Íf'no . nuiíibef ofi.okéhs irhiiiy plácé of the net. 
design <;rroi-s' were:d!scove~éil, the d~sigii .'and'that.bourig1i_S'LA:natural generaliza- f 
c?u)Hhen.'~ imp!einented; in tl~e tr,aqi; , _tion_ of this is ((j_'allow ;?>u! tiple tokens in a J -
twnal manner. !f. the~e -were errors,- how-: 1 place but only to. the extent that there are 

·. eveí-, it wódld be néé~ssar:Y'.t:o dete~milié.; no.riiore tb'~ri fitokc'ns- in any given place 
how the error ;.,.hich \vas foimd in';the' P,e- . at the same tühe. Ncui in which the num­
tri' het representatib'n'" marufests' itSelf ,Íll bér -Q¡- tOkens {ri1any pláce is bounded by k 
the'original design,:modify'the design! ~Íid , are cáiled k:boií.iided riets. <Thus a ·safe net 
reP,~Úhe.entire pri,céss of éonversion' fu a· is a'.l-I:Íounded ;net.) if a riet is k-bounded 
Pétri ne~ a!ld_ analysis: 11tisproce~s c(luld _. for_~me_k p\l(}Yédo n~t kno~ the value of 
be sunphfiéd tfthe des1~,:0 P'?"ess coqld·be . k, tt ts ,Slmpl->:.C!J-Iled_liound~d, _ ·· .: . 

_ . cary-ied out directly i~ Petri.nets ,_a¡id ti:!~ , . Boundedness;is !" very important p~adl· 
· .. resÜltant Petri net imp)emeritedf'directly. · ~ cal· pr,óperty ~fj·Petij!!lcts .. If we wish·tn 

Thl.s apjmiach requir~s thafboth .the nec: .: impl!?men!. aé~!!_e~ign modeled by a Petn 
es8arv design techniques and the-metho'ds . nefitheh:sinci!'ithe capacity,of any gtven ,_. 
fói: i~pleiriénting. pEitri n'et dEi;;i'gns;)~ '.hardviare is b~~pded; the P,etri net must 
haryiware or¡,~oftwai-e; be .qév~lopi¡~t 1< ;;'~:: r: be b?~rided !f~~~~ru~~jon is to be poss~bk 

_ Although sorne workon design;w1tli P¡e,_ · , In othcr. word~;· tf, for exarnple; piares nr• 
. tri- nets [67J''and impÍementi\:tiori·:~¡- Petii· ~ 'tó be•irnplemgrited 'as 'éouriters, theri sin<• 

... m)ts:{73, 2~1'75] has•'been dó'ií.e,it•ilás been(' evecy. physically:. realizable .. counter . can :' 
···- .'limited. in '~cope; pf~§lirhably bJcause:its : -Ónly hold :\!bb{índéd;number; the ne_t n\u.-'. 

succes5 hing~s 00 thi{histe\lc¡!•Oféffeétlve:. ·,\]so be bound~'éJ.: .! . :,~ ' .· . - . ' .. 

·- árúilysis teclíniques,''i>'- · · ·- -~;i,., . ,;·¡1' -:i''(-'f:•i_i · ~ Ahotiier•prop'i!rly-.th:lt -might be imP'''- :¡ · 
·-. ·· -:_.. ...,.-:.,; -· r~· ... · ~~¡--•:._ ·~:,.;: ··'¡····-r.·.~;-•. r •• - ..... -~.-·.····'.'-t"ft·k·· If't kc1'.: 

--·· · \/"'_· ·.,_·._· .: -··.;::, · ,,u,,,-~.<:_:,.-i··~i tantns~'éonser:vatwn-·? o _ens. · o.·.: 
An_atYsís ~~-~-~tion~~:~ ', :~- ·:·~_· :~).~~ ... ·,. K_:.f¡:':Ct~::Sf/_f,\'- ar.·~~~~Sed "to:··liP~eSb~th:eso~i-CCs, t~?t:l: 11_ 

'l~·e ·'fir~_t ~-k i~ de.y~,~OPi ~~~~;~~ai.~#~---~~~~~- :\~q~I_q~{::~!~a~·-;~jfi~~¡ _ ~~?ur~~s ~-?re. _n~.I:;::;.~! 
mques 1s to dehne tl\e .. tyJ!CS_ of questions'¿_creat~d·:_nor destroyed; .• toketts should <;¡_ 

.·· 

'i· 

.. ,.,.~,. '' 
., ''' " 

· be 'ni,iihc~ c~eated nor destn 
net iS rOiiservatiut? ifthe num 
in the_.n.f!t Úi ·co'n3r::rv~d. 'I'hiB 

·eaCh transition in :1 ronscr 
conservati\.·e, i ñ· thé sem:e. thn 
of inputs of each Ji rabi" tran, 
in the rlumhcr of outouts ofth· 
f~·"iore ~~enefall v ,· v.:eighls cari ! 
eacn 'place al];\\-' in~; 'th~: num.' 
:o. chan<r~ 'as lonr.r ~s the wei . . ~ b . . 

constant !62). 
Notice that the above st• 

c,ua!Üied to restrict ·it to fi: 
Úons. Considcr the Pelri ne 
which depiéts a nontirabk 
Transitions i, and t; are '< 
Transition 1-1 i;1 not conser:v~ 
sem:e.that' if,it e\·er tirÓd it wc 
ihe nurnbcr of tokensb'v two. : 
aity iilitial marking in~ whi~h 
oftokens in p., is zcro, this tia.• 
ti rabie and hénce t he number 
!he -net is consérvcd. ~ ... is'n 
that -the trán~ition t., .. plo 
deleted fronl ·ihc nct, sinlpJi( 
no change in it.S behaviof. Ti· 
Jm..,·. a' simple!- .and cheapcr:,íí 
tion -·· 

The notión of transitiori~·· 
fire see.ms stnlnge. and we wa 
,to ide'ntifv -sudi transitioris::· 
trnnsitim;· \Vhich canhnt {ire:is 
transition which is not enuble­
a iranSition \\•hich ·crinnot bcn· 
A ú·an..sition is dead..in a má'r. 
iS no- st-quen.ce of transitiói'l-' 
can cnablc it. A transition i1 
{irable if there exi;;is sorne. se 
''''"bies it 1351. A transition_:o. 
13 iiue. if it is -potcntially'fi 
reacháble markings. 
· The importance' of the conc 

nt:sS. and ·detidness of trans'l 
frdm conSidérntions.in thc Tr!{' 

l'ra Eing sys'tE~rns. Li ve.f1ess .. _.i· 

conC~pt Üf deadioc.:ks and de(;,(: 
I45J, Thus _it: may be' impot'L 
thut · a transitiun be firabl<· 
rnerking, but thut it sU•y Pót• 
bie in all "markings .rc;a~halH 
'H~rking ... lf' this i;..; ! -.?J~~ 
!J{;~;~ibie· to ré3.rh a staf· -·~:~\•ih 
;)-ti0;~·:iS ·ueud, p~rhaps"signi(' 
''le deaolock.. - , 

. ~-~ 

co~¡ting 's.L;., Vol'•[~~3t¿~be~tii1t:;i.t:~~XT,~~;~~~:;:>;i}~,f;,Y~~: : '¡;-·}~ .•. · .:~';:: ',. ~· 
--'-"-"'--'-~--· ;._ .. · ._, .......:.:..::· ::•i '··.~-.?.·.'.: '!, :__c·_'-'·'--'----~ ¡;·' ,.: 
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' ~ ,.lysis procedurcs are UJ..a 11 • 

, ,. propcrties to o~studiéd. Oh. 
·' , .. laly~i,; lcchniqucs should ¡,. 

;rds the solution' of tlu"; .. 
~- most need to ,líe t-:o!v,-d 

~ t '·.·:ards areas thut are Onlv of 
· . e ·.·.:->t. V../ e c!iscuss riow ~ont~t' t<f 
; ,;, that have bccn in'vesti¡:att~ 
' ' . 
t $,. .• 

i ny of Petri nct.q dcriyes frmn 
! t definition in1cr·ms of cv~~nt.;; 

, ~ us. A conditior. is repre~cnt,.d 
. The· fart · that the. condit iun 

1' •:aled by· a tokPn in the platt•: 
! · weVer, that eithcr a t.:ohditit~n 
1' '"'" not hold. J-I !Once, a token 
l. •r be pre,;crit or it shouid bt• 
1 . no more· thah One tokcm 
'l be pr~scnt in onc place at ·un¡• 

ecmi; pointlcss lo h"ave •ímlti-
1 vhen onc is sul"lkienC Petri 

1 

are constructcd such .lhal. no 
nc token can e ver . be m. any 

1 nct at thc Iiam~ time ·are safc 

1 cf · on of ¡¡ snfc:~et is thc 

1 

ha• _,,ere is a buúnd on thc 
kcns in an}; pbce of the net. 

1 nd is l. A natural generaliza­
! s t.o allow multiple tokei1s in a 

l
ly to the "exl.cnt that thcré ure 
n h tokens in any given place 

1 

time. Ncts in which the num· 
. s in any place is boundcd by k 
~~¡lm111ided nets. ('J'hus ¡¡ ;;afi! tod 
'l0J net..l !fu net i" k-Lounckd 
i~ut w·e do not k1uw the valuc uf 
1 ,¡y called bowl!led, 
l:ll;s::~ is u vcry important prw.:Li· 
lv of Petri ncLc;;, lf we wish 111 
·-n dt>sign mc.d··let.l by 11 i't.'il'l 

ine:e .thl.' cn¡,·aciry of 011)' i.~¡,, :: 
...; bOUili"k•d, tl!t~ i\:f".ri IH:L 11"-1!''1' 

¡ i f t·onslrueÍ,ion is l.o ·u~ ¡HJ~·;::ii" ,¡(~·. 
¡,rds,.if, for cxwnpíe,·vhc·.~ . .:.;.;¡¡·¡ 

1

-"·:nC'ntcd as ~ull,nt-érs, Uwn SJllt'r' 

: tcnlly reabznniP count.cr r:H 1 

ibounded numb\..'r, Lh'c w:l. mu.-.t 
hdcd. 
!oropcrty thnt. might he imp'•r· 
l~erv3.ti¡m of t11kens .. ·u tokr•ll:' ·· 
1) r~pl·esPnt n:~ources, th:·n it. 
~L smcc n:~nu,·n~H are ncrth··r 
j des ::d. tvk..:ns .should ai:·11 

1 

1. 

1 

17 
be ncither created nor degtroyed. A l'etri 
net i~ ('Unseruutiue if the number of tnkcns 
in ti;e nct is conscrved. This implics that 
each Lram;ilion in u céms-ervative O(~t is 
conservativl', in the sense that thc number 
IJfinputs of '.'ach fin\hlc ~ransition is •:qual 
to thc nmnlwr (Jf out.puts of that transit.ion. 
More genera 1\y, wci¡;hts can be delincd for 
cach place a llowing thc number of tokens 
to change as long us thc weighted sum is 
constant tn:n 

Not'ice that thc ahove· .statement was 
qualilicd to restrict. it to firablc lrrmsi­
tions. Corisidcr "thc Pctri nct nf l<'i~. 19, 
which dcpicts a nonfirablc transition. 
Tram;itions t, nnrl t'! are eonsf!rvati':'C. 
Transition f:1 is not. t.:ollservativc, in the 
sengc thnt if it "ver fircd it would dccrc:asc · 
the numht•t· "f tokcm: by twn. Howev,•r. f(¡r 
nnv initial nwrking- in which thc numbcr 
ofiokcns inp:1 is zero, this trunsition i:l not 
firahle ai1d hence thc number of tok•ons in 
the nct is conserved. This means, then, 
that the transition (, and place Pa can ·be 
deletcd from the net, simplifying. it, with 
no change in i"ts behavior. This would al­
low a si~plcr and chmiper impl,ernent.a-

.tion. '. .r · r 

The .notion of trnnsitions that cannot 
tire seems strange, and we want to be able 
tO identify such transitions. Note lhat a 
transition which cannot tire is not simply a 
transiiion which is not enabled, but rather 
a transition which c.:an"not beco me enablcd. 
A tran~itioll is J.ewl in a marking if there 
is no soqw_:nt.:l~ of tm.nsition firi.ngs thut 
can enabk it. A transition is potentially 
jlrahlr if' thcrc exi~;ts some sequem:e thut 
(!n;J:lles it, ¡:Elj. A lr;u¡~¡tiun of u Pei.ri net 
is /il!c if it. is putentiully "tirabho in all 
n·r~rhnhl~ mnrldni~~L 

'J~j¡\.: imporl;.lllCl' ul' t.hc COJ1CI'pÜi uf Ji\·(:­
lli~·~.O...: <\tl'.l dr•ndn(~,.,~ of transi\.iow-; t'ome,.; 
from com;idl.•n.q.ious 111 t:ht~ nHJJt:"!ing· oí' op­
era ti m~ ~v.·-aems. LivenPF-:-l i~ tied jo t.IÚ' 
cnnn:j't. of deadlocks and deadluck-lb:etwss 
14:'1}. 'J'hus it muy Le· i~Hpart.mt nul. only 
that a trausitiun he íírable in a given 
m;wl<in;::, hut that it stay potcnlially lira-· 

. bl" i;t all m"rkin::s rcachablc from thut 
marklng. lf thi:; is nut · true, tllen it is 
'pnssibk,-to rcach ti stat" in which thc tran­
siüon iM dt:ad,· periwps signifylng a possi-
ble dcadl01:k. · · 

Petri f:lets 239. 

. -~. 

. .. 

FIGUitE 19. A Petri net with a nonfirablc traltsi­
. tion. 'I'ransitiun t_3 is dead in this ma~king. 

A numbcr of diiTerent definitions oflive­
.ness ha ve been considcred. Commoncr .f!Ol 
defines four subtly difíerent f<n·ms of.live­
ncss.fnr a transilion t1 nnd a mar1dng; ;..i._: 

· L,: lf there cxists a ¡.¡.' in R (MJ such 
that o(¡"'· 1,) is defined (i.e., !J is po-· 
lcntially firable); · 

. L,: If for c.vcry positive integer n therc 
exists· a transition scquchce c.r such 
that o(¡.¡., 17) is defined and t, appears 
at leas( n times in 17; 

L,: !f'there exists an infinitc sequcnce 
oftransition lirings such that /)(¡.¡., 
17) is defined and t, appears infi­
ni tcly often in 17;. 

L,: lf 1; is live (i.e., potentially firable 
in all rcachable m~rkings). · · 

Note thnt the implications of the four deii- · 
nitions of liveness are quite diiTerent .(see 
[ 531). Tbw;, whcnevcr the property of live­
ness in a P<:tri net is discussed, it is impar-' 
tant. to s!Htc carcfullv the delinition being 
used, since we do t~ot yct have a sinf;lz.· 
commoniy nccept.cd deiinlt.ion.· · · · 

As mentioncd carlíer, t.he ci:.m::.~pt of 
livenef;~ wbs 4eveiopl~d to _ci.eal with cl~aJ­
lock prohicmt-1 in up(:rtüln¡~ sy.sl()inS. ütlj!:r 
problemH in op•~rHli!J.g· sy~;\t,;ms t:111 a!~u lv:.> 
PO?ed. in Lorms of l\:tri liL:!H. Th~~ act;ual 
Hiutt:m<'nt. oft.hese qltC'st.ions deplúuls upon 
tho rnrmncr' in whkh the systeJn is 
-mu~kh·d. For cxampl~,.an·e~:,;i toa resuurce 
may b:: IJII)delcd by a trar.Sition ora-place .. 
The mutual exclusion problem is to assure 
that at most one or perhaps several proé­
esses t.rif~S · to. aCcess the resource at' ihe 
same time. Depending on. the modeling 
used, this will be expressed as a question 
'C6ricerning whether or nót_ two ~ransitions - · 
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can be enabled simultnneously or.whethcr. . N atice, howcver, that the reáéhability 
or not 'two'piácés may have tokens simul- sct of a markecl Pctri net is often infinite. 
·taneotts!y, · :" · ·· Thus, to form a finite reptésentation ·ar un 

Noticc, ·. howevcr, that both of these infinite set wc must map many markings 
r¡uóstions can l)e statcd in tcrms of the · into the sarne node ofthe trce. This many­
renchahility of any of a set of undesirable · to-one mapping is accomplishcd by collaps­
stutes.J n fact,' many questions can oftcn ing a set of states into a node by ignoring 
be reduccd to the rcac/uzbilit.y probli!m. the numbcr of tokens in a place of thc nct 
The ri,l.lchability problem is simply the lol- when this nurnber bncomes "too. large." 
lowin;:·: Givcn a marked Pctri nct {'vith . 'l'his ís represen red b~· using a·special sym. 
marki11r~ p.) nwi n marking p.', is J.L' rc~a;h- béJI, (1)¡ · tiw the number Of tokens in thi~ 
ablu frotn ¡;.? 'rhis problern is very iin¡:¡o•·- plac.,.' . 
tant lo lhu·analysis of Pctri nC!Is. lt can be The 'symuol '" represents a value which 
con_sid<~rcd A f,{J~·~d~l ca:-;c of t. he ser rt'(:cha~ cnn be 'arhi iT<.n'i.i y larp.,~. Becau~e 'of th is we 
hility wablem, whkh is to ddorminu if a must interpr"t thc operntions of additiori, 

·:->et(lfnm_rkings, S= {.u 1
, ¡;.~, ... p."f, i.sa subtra.~f.io1·1, und compariso!I as ' 

suhsol ol' tlie rnachabilitv. set !l(M) .of a· 
in111: hd !'Jtri nd.. · 
'Th"r~ are n1any .other interesting ques­

tion• tbnt might be studicd with l'etri 

tú+ a =w 
w·-a=ru 

·a <w 

nc.ts. l''urtliermóre, since the questions de- for any natural number a. ·Thus, w might 
siJ;nrr>; want to ask about t!leir deci¡,'llS be thou¡;ht of as a symbol for infinity. · 
rlepénd on thc projected use of thc desi),(no. Eacli. nocle in the reachábility tree is 
there w,ill :llwáys be n<iw quc,;tions. Thus ]abeled with. á markipg; ares are labeled 
it is in,lf:'ort.ant to develop general tech- with transitions. The initial nade (root of 
niqúes thiit.allow,new types ofquestions to the r~achnbility tree) is ·Jabeled with the 
be answercd. The,bnsis for the importance: initial. maí-kin;-: .. Given a· ·node x. in! 'the · · 
of the re¡¡,ch'ability .problern is that many tree; additional nades nre added to the tree 
question" about the correctncss of systcms· · for all markin;;s thnt are directly reach­
modelcd as Pe tri nets can be translntcd able from the marking of the node x. For · 
into ·instances of this problem. For in- each trimsition t, which is.enabled in the .. 
stance, Háck has shown that the livcness markin~ for node x·, a ·new nade with 

. problem i'!·rc all transitions livc?) is red u-. markihÚ Mx. t,) is crcnltcd, .and an are ln­
cible to the reachabilily proulcm ancl thnt helcd t, is cli,rcctcd from the nade x to thi< 
.in fúct the' two problems are equivalen t. new node, This proccss is repeated for all 
sincc rcachability is also reducible io live- new riodes. · ' 
ness ]35] .. · · Continuing this procPsS· will obviously 

· · ,. create: the. entire stilte-s¡¡¡Jce. A path from 
Solutlon Teehnlques the injtial murking (root) to a nade in tlw 
While ,;everiü. ~ppronchc~ to the annlysis tree corTüsponds to nn execution sequencc. 

. ofP<'I.ri néts ha ve been considercd, trlmost Since the state-space muy be infinite, two 
ull work in this.area · evcn.tuully uses one. special stcps are taken to define a fin! te 
buSic .technique; This tcchnique involves · reachábility tree. F'irs( if a new marking 
finding a. finite ·rcpreséntation . for the is genenrted which is "qunl to an existing. 
reachnbility set of a Pctri net, in recogni- mirrking.on the path from the root node tn 
tion ofthe fact that rnany ofthe propcrÜcs the new marking, lhe new (duplicatel 
of a ?etri net are baoed on properties of its marking becomes H terminal node. Sinn: 
rcachahility set. 'The represcntatio·n u sed · the. new 'mHrking is equnl to .the previot!S. 
is lmowrl·as the reachability trce. It con, marking, nll markings reachable from 11 · 
sist~ of n tree wh0se nades represent mark- have nlrcady been adued to the reachabil· 

· ings nf tiHl PctJ·i net ami whosc ares ruprc- ity treé by the earlier idcntical marking. 
scnt t:hc possihle chan::t•;s in stat.e·resuiLing Second, if'any new marking x .is gcrwr: 
from thc firin¡; of trun"itio'n~ [51, 5:lj. att..{! whiéh is gi·c•ater than·a markin¡; .Y 011 

'--~~----·-·- ~-~ --·-~---··--.--·------~-~·-------~-·--~--~--··----~~-· 

¡ .. 

· the path from the root nod 
·X, then those component 
which are sti-ictly greatcr 

· sponding cbtnphr\chts o( rr 
. placed by the symbol w. Si 
. g-reater than marking y, , 

·. trarisition firings which i 
markin!( y is also possible 

: In particular, the seque: 
tormed marking y into m, 
rcpcated indcfinitely, eac 
ing the number of tokens 
which have a w. Thus th, 
kens.in these places can b1 
ily largc. · · 

As an example of ~his co 
· sider the markcd Petri ne 

begin with (1, O, f, 0) as 
tree .. In this marking, we 

. enabled transition.' Thus· 
nade corresponding to firir 
ami an are froin (Í. ,0, 1, ( 
From this rriarking we can 
in.(1, 1; 1, 0). Now, since(l 

·. 1,.0), _w!':rep!\'ce thP <econ• 
. w .. This reflec!S.tl- ct ti 
tbe seqÍlence t,t, an árbit1 

i . .. times ar:Íd make the num[ 
placep,.ásliu:ge as desire• 

· .ing (1, w, 1, O). two tram 
blcd; t ;:and /3 • F.iring these 
us twonew nod<!S, O. w, O, 
n. The first of these. hru 
si,-¡cel}((1,w, o;OJ. t,.l is und 

. Tbe second eriables t,, whi 
·0, w, 1,'0) which is identic 
nade. Thus,.tlie rompiete r• 

' is as shown in Fig. 21. 

1 ·', 
Analysls. Using:the Reachat 

· How is the reachability tre 
ysis? Let Ús consider sorne ' i. 

· . raised in the previous secti 
On the questions of safer 

. edness, notice tiiat if a 1 
·• ·bounded, then, by defiilit'"' 
'k tokens .are ever in any :: 
"p9ssible values for each p: 
fr'om the set {O. l, ' ... ,k} 

. .only (il + 1)" possible reach 
· Thcrefore, .the rcachable 
.'finite. · 



·:: .. 

.. ~ . ;. 

:~ :.7'.~1; ~: 

. ~ ' . 

j ·e ver, that the ·reachahilit v 
¡ · ,. ·i nct is nft"ninfi'nit;. . 
¡ n . .e r~prcst:Jll'atioh nr :ln . l · must nw:;> many rria,·kin;:s 
1 node·nf tl:.c tre<:; This mnn·.-. · 
¡ ~ is accornplished by eolb1;,. 
t •.tes into a nodc by ignot·inv 
: wkens in á pi t. ce of. tfíc ni,( 
! :tJbei" becomP.s ~·too· ~argt.~.". · 

_,,t,d•by using u special syni- · · 
nqmbcr of tokená in· thi• 

: w represeri.t.~ a value whieh 
: ily large. Because ofthis we 
· the. operations of addÜion, · 

d comparison aH .... 

w:t; a =-w_ 
cu-a =cu. · 

a <w: 

.. ·· 
·~ .. 

., •.. 
nunlbt!r a: Thus. ¿, mi¡::hl 
a symhof for infiriity ... 

n · thc reaehabil ity'- trce is 
marking; ·ar~s .are labeled . 
. Thc inilial node (root of 

· treel is labelccl·with thc 
. Given a nodc -~·'in the' 

· nodes are addedto the tree. 
s that are·dircctly·.'rcueh­
ln· :: of ilie node'x. For 
1, ; .... eh is enabled-in the 
de x, a new nade with 
is crcated, and an ·are la-

1 teil froni the nodc x to ·this 
. process i.s.repcatcd,for ·an . ' . . 

his.process wi!l obviously 
e stale·spar.c, /1. path from 

¡ ing·(root) toa nod~ in the. 
j lo ~n exccution scquence,., ·: 
: spac~ may be infíf¡itc. two ·· 
' token to define a ·finite 
, . FÍrst, if a ncw niái-kjng. ~ ... 
!, 'kh is ec¡unl to ~n ·e~iSting·· ·· 
¡

1

.patl) fl·om lhc root·node to­
lllng,: tho ncw (d~phcntel 
¡ies a te'rmi na! node:_ Sin<'e. 

\
~g is cqunl lo ·t:w previouH 
t&rkings rcachubl~ from it 
ocn adcbl to 'tlw reachnbil· 

1
cu-lier identical marking. · 
¡Y new mnrki ng :e is 'gcrwr· · 

1 eat.e~ thnn a msrkin~ y on . 

! ' '. .. . " . 

1 
l . ¡----......_......-...;.:_ .. .-:_ ... ,. .... 
! ' 

i 

. . , 
'· .. 

1~. 
thc pnlh frorn lhe'root node to the inn;·king 
;e, tben those comporwnts of marki ng x 
whieh are strielly grenlcr than the corre­

. sponding componeliLs of m_arking y are re'-
plaeed by the symhol w. Sir:ce mnrkingx is 
grenter than marking y, any sequence of 
transition firings which is possible from 
marking y is also possible'fri:Jm rnarking x. 
In particular, thc sequencc thnt. trans­
fomi~d marl<ing y into rnnrking x can be 
repeatcd indcfinitel.v. Pach time in.crcas­
ing the number · of tokens· in those places 
which ha ve a w.· Thus the nuinber of lo· 
kens in these places can be made arbitrar-
ily largc. · 

As nn example'of this construction. con· 
sider thc marked Pctri net of Fig. 20. We 
begin with (1, O, 1, 0) as thc root of the 
tree. In thi¡; markin~; we have only one 
enabled tra.nsition. 'i'hus wc have a new 

.nade corresponding to fírin~ t,, (1, O,·tl, !) 
and an are from (1, O, 1, 0) lo (1, O, O, 1). 
From this marki rig wc rnrÚírc t;, rcsulr.ing 
in (1, 1, 1, OJ. Nuw, si née (!, 1, 1, O) ;e: 11, O. 
1; 0), we replacc thc ~erond componen! by· 
w. This refleds thc fact that we can fírc 
the scquencc 1:~1 2 nn arbitrnry number of 
time• and make' thc nurnber of tokem in 
place p, as !arge as desired. In the mark- . 
ing (1, w,· 1, 0),_ two trnnsitions are enO.~ 
bled, ti·and t,¡. Firing thesc two woüld ¡;iVe 
us two ncw nodcs, (l. w, O,. O! and (1, w, O, 
!), Thc first of thcse has no succc>:sors 
since 6((1. w, O, 0),1,) is undefincd for all t,. 

· The second enables 1,, which· tires to ¡;ive 
(1, w, 1, 0) which is identical toan c•nrlier' 
node. Thus, the complete reachabilit.y tree 
is as shown in Fig. 21. ·· 

Analysls Uslng the Reachablllty Trce, 

How· is the rcachahil ity Úee usP.d for anal­
ysis'? Lct us considcr sorne of the cjuestions 
ráisr.d in thc prC'vious section. 

O u the questioris of wii'CileSs ühd b(~und­
cdncss, notice thal if a Petri Mt is k· 
bounclcd, thcn, bv definition, no nwrc than 
k- tokens are ev~r in any ¡,Jace. Thus the 
pi:Jssiblc valucs for caeh place .are drawn 
frorn lhc set {O, 1, ...• k} and thcrc are 
only (/¡ + 1)" possible reachablc markii1gs. 
Thercfore; the renchable · state-spacc is 
finite. . ' . 

. . 

,, 

.. ·: ~ · •· · :.f~ · ·' ~: ... : :~~~ r.:··~';J:t~·~:::-.-·~;,~:~ . 
' . . 1 J: '¡ 

··.... . ¡ .1. 

• · im .; i 
' ,:•:. ' ! . 

: 
· P~tri Nets 

''. 
. . PJ . 

F1GUHI~ 20 .. A Petri net with markirig (l ,o,·J :m an·d 
infinitc rcacha~le state.space. . . ·. 

(1,0,1,0) 

' 'l., 
(1,0,0,1) 

! t 2 

;
1
l,w,l,o\''. 

(l,u,O,O) (1 w O 1) 

·¡:2 
FrGunE 21.. The reachabílity. trc~ ofthe Petri nct.of 

Fiv.. 19. 

In the same wuy. consider a conserva· 
· ti ve Petri net. If we lct Ji be the imrriber' of 

tokens in the nd, thcn wc must. al;,vays 
hnve h tokens in the net. Sincc there are 
.i:Jnly a finit.e numbcr of ways to partiÜon''k 
tokens ·among ·n p1accs, we··. must aguin 

·.ha ve a finitc reachability set. ' · 
Now consider the rétichability tree: If 

any node in the renehabliity tree contains 
the ,ymbol w, t.hcn that component can 
LeCome m·bitrarily lurge, L_e., it is not 

· bounued .. llm",· if the syrnbol w is any­
wlwre in t.he reachnl>:lit_y trce, the rcacha· 
bility sct is not íinite nnd hence neither 
boltt;d .. }J. nor conserva ti ve. Oh· thC other 
hand, · if the '" svmbol does not oceur any­
wherc in the tt:ee,. thc'n the rcachabili~y 
tn;e is the reachábilitv. sel and both are 
finitc. This means lhat.the reachability set 
is :tiounded, and lhe bound can be estáb­
lishcd by inspection. Silúilarly, if. the . 

,.¡" 
• ,.. > : ·, • 
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.. t.f 

': 

. t. ::-
.. 

;~·;; ... · ~,. ·. ~ . ·'' ;.: : 2'íl ·:$,.,· •.' ~ '-~,'.;:_ 
• ' .. • .•· ·: .: ·.'· 11 " .~h. ..¿ .• -- ~ \.: l, ''}~ 

:~:~~ ¡' .. ·.2,42 ~.:tj '.J ,' L::;Pete,r~n ., . f: ( /¡1 
:-- . ,.; ._ .:{' 

.L :e:chabil~ty'~~t·~-~nite';;conservation cÓ'n] únsolva~~~¡~roble~s 'i . · \ :'f. tio~ or the ~~t;i~e¡ (i,~l 
\:.?' . , ··be ~ete~ihcd, byinspection .. In fact, for'a 1 · soJ~ Petri-nct p..¡;bl~ms''are riot solvable f This is a lowet b1ltilld; the 
),.;: . :·11t'Ut" raachab1hty set: ~ny nw.lysisque~· 1, despitc thcir appl!'rent ·Simila¡'ity to the , ¡ · · ·¡tv could bémtich worse . 
. ;,, .. ,~1pn car¡ ~e solv~ by mspcctiOn. :: , 1 ·reachability•problem./The tjrst.such yrob- . · !: that the coverabillty prolil 
., . · Other,pro~l~~. can also be sOlved usmg lem'studicd was the subsct problem: given · J nential ·space' lower be 1 

.:\.. : .the rea~al>•h~·tree. f.pr cxamplc, t;hc. twoitna•·ked Pctri.neLg, isithe reachability ... 'J has obt.ained an algoritrun 
'' · ·coverab1hty problem can be solved bylm- .· 1:, . •'L! f.'th ··· h bT ,, crability in"exponential !. · ·Y . . ·r· h.. . , h b'l't t [Sl . 'lS] set ot1 one nct a suuset o· e reac a 1 1ty ,¡' · h b , h 1 spect.ion;~ ~ .e r,eac n l lY ~ ' : ·' • set "of the• other, riih?· &ibin sho\ved this .., ' t is to e a 'tig t ower b; 

· )•. T~e cov~raoihty.,pro~~e.ll1's the follnwii)g: · ¡Íro~lkm u;; be umi·~cidafile ¡~; ?3J. I.:atoi· ';;s plexity of sorne other pr\ 

'·~ . 
'!!.,.. 
·!' 

·.:: .. 

~~.~en a.~arked_Pet.u net M and n m~~~ Hac~ishowúcl thAf't:he eqtinln.v prc.H<·~¡.. .1 • nets hHs also·been conside 
tng ,~, ·4~s tl;l~~, e: 1St a !!1.ark1ng p. · ~_n giv9.H' t\vo tlü-trl:;.;,d:j·etri ry~t~; .. i~. tht; r{;~Jch* ,} · · 'tlH~se ConiPtexitY· af'ttd:y~ 
R(M! ~~~h that.~. = J.I.? 'lh!S Pr?ble'?: ;I~! . abilitv Bet 'rof '""' 'ri'et. ·~qual t.o the ruatkl· ~·· nortant,in determihing tl: 

. ';lseful.I1l\deterq¡J1In[( \Vhethcr VIOb!.w\'3! bility' SP.t Óf.Üio 'othcr nét'l _ is:.'it!so únde- l Pen'i 'ner.s for'.the modeling 
. :,pfanut';Í~l,exclll~~o.noccu,r,mas)'!ltmn; u~d! CicidJJlc ¡3B]., , :'~i •;; •, ·,·: .': .. ·¡;. systems. The. recerit' disc 

w; t<"-'ti~·,t~·ans¡~Ions ¡fqr hveness (dea,d·; 'Th'esc problc~8 ·are ¡'n{pt>rtctni for 3j,11¡¡.' . :V r;·achubility problcm is dt 
,lc.ek). ~~.~- ··" -. ~~::- ,·{ ! .• •• ·_.,, ~ catiÜn8ln'.Whichf·m1e mig~t wailt the Putri ¡-~~~ 3 signiíicant ·advarice in. 

.-_ .. -;;1 .. ~ ~-.. . .:.. .' l n~.t.S"~to be OjJtimi'_zed, but the· set·of rea1
eha· · -~ ana1ysis :.techniques;· how~ 

· Tlie Reachatiillty 'Probleril , ble ··markinv~ nodo be. d1anged: Un:toitu- )1-. plexity·bounds as well as t!· 
';: . ')Ú' .. ·> ' ··;. . . : nate'ly, it::J:as \leen shdwn that both of l.' o[ places•and transitions n 
'!)le more ¡,:e_ne;al que,st¡~rts of hvcnetJ:; .. thes~ problén.Is [a,ré,. undecidable .. iri_ the ,¡ .. cven simple s,Ystenis tend t 

~\ ·an,cl rea~h.al!lhty,~ro not,~<~swerablc ~Y the. sense. that ·therc. ·~xJsts :no. general algo· _alt~oÜgh aniilysis ·qllestion 
, 1 . · _f9achabfltty tree. 'Becn]J',c of thc Iunda- ritiüí\ whicll curi dccide;Jor twó arhitbry. .:'!:' · au!eusing Petri nets; in th< 
~):. : ~e:lta}¡y¡tyre_,of~he re~~l1rlblht;; problem mill:ked ~cth nbt8,jftJ¡eir .reach:ibility 'l cost.of '\ll~W\'l'Íng P~en si ·;¡: 1~, .,he_,~.lla.lysls,~?f!,Pc~t;t :,nct.s a~d v":c·~.~ sctl!;are .;9ual' or, o¡:.e._is ~h~ su,bset ~f¡. t~c. ':J., may make .s~ch ar is u 
>'· ~dd.t10n SY,Stems.:;:-a!1 cqu.Ivaler¡~ rn,odch~., otheF. Thi.s p_ro<•f'~ ~¡tut~·,c?mph~ated::¡ft ~s . ~·, s.:'~EÍ"RI. NE~ LANliUAGE! 
.:, . . ,tiysl em·[~l. 34]~.\.t hns.:l,leen the object ~~u., · based ,cm .the •con$t.rucpon qf a, Petn, }Iet. " · · · · · · · · 
. • . ' /B~Ridef~hle U?'fllnt P~ircsa~ch. It -:1\llS .. w~i~Íi .· ( wéa~(y) .. :c{j~tput.¡i; the_>valti~· 'of a ): ' Úothe~ a:~.;~~ in .whiCh I 
,. . . : ~~n shown th,•.~:the .!l'.e.l}erai re!!-ch.tb!l!ty . pi¡IYnomial in suc!i·a wa~.that1fthe equal· .¡,. been•usedi~;~he study off o 

•,, . · ·~~~!es~~~s;:{h!~~~;~~c~h~~~~;1P~~~~~~- ~Jr~~~~~~\/:~i~~~~~- ~7~~e ~g~:~:: .4~- ~:S~¡;~~~~H~~7Jo~; 
. .• · (Is,the ze_r? vecto~an elc[llcntol ~he reacp· t<inth problcm ¡8 knowrt:~ be tinsoh:able,. ~\_ of actirins'in ·.a system. 1 

'' ;· ~J;i1hty s~t!J.!70J;and th~ subset feachabii· '· th'e':cquality ¡jróblem ¡8 i;lndecidable. ·This ·~¡ trimsition·ítiodels tlie occw 
,' . , Ity probJ,em (gn:e~ n ?~n.empty subset.of.. in túrn imp!ies the·und.~cidábtlity pf the ·:. · ¡¡,.~ ei-aiion irÜhémodeieu syst 
. 1,, . p!ace~ a,9.? a ~ll!l.<.ill¡( 1+• ¡r, an~ ~'"chnblc . suoset problem .. ~ . , :.7..' •. , ~: • •. · • . .,,. property. modeis a·· systér 
~> ! 'tnilrkmg~equal I;O~J.l. forthe 'pec¡fied. subs,et ' ·· ·.' ,., j . .. • ., . .' · ··· · · .. ·< · <¡Uence ofactions in the roo 
,, . óf places,~with all other·.phiées al!o\ved 'to Co~pl~xity · :· ;: , .·! .. · ' ·L · possible ·in 'the Peti-i' net 

. · . ~llave m1y'Value?i~l3•1]. The:>e problcms are , . . . · · ;;:_ · queríce :or áctioos iri'.the F 
": 1 : 'equivnlént in ih'at ifu.ri:'algoriÜ1m can be· WhÍle 'much attenbon há~ lieen focused on •''· · sent.s: a: possible scqúence? 

four.d to''solvc anv one'of them it caribe thc::.c:Jecidubility ·of lhe·teachability, r.roh· ·. )¡'. system.' : · r·, • . 
moJifie·d:to solvé.any of.the others. ' . ·lemiand similar pr.nhlems, other asp~ctsof ·: '';{; ·· .. .'To -re¡iresent these. com . -·· 

.,, 

·, 
. '), 

. ':. Su eh ·an. algorithm lias recentl v belm Petri ·net ".aná.lysis prócedures. ha ve al so :.{:t. thc 'transitiÓns' of a: Pe tri 
· found [HSJ. T!Íe al1:oritlim is verv ciil!icult been inv<istir,at.(ld:··_one ,l5pect that lías re· '(:' lr:.msÜ:ia~ ~e~associate a, 
, U. tbllo~:'and de¡icnds·upon both a scari:h ccntly ·come und~r inyestigation is' the .·· .J thc transition. Since there 1 
:tbrou¡¡h,a!finite trce ·of po~sible ~olutions corriputational ccimjlliJxity ofthe problem. ·:;:- nu;nber ·of transitions, w1 

· · a.nri the'r~cursivé solution of reachabi!ity 'While it is not yet possible, to detcrmim· · ~-. flnite alphábet ¿ which is 
prohltmi~ !'for . lowt•r:dime'nsional atate- the.~complexi~y exactly/it. is ~possible .. to :;~ these symbóls. A lalie!ing f• 
op!!c~s: Howev'er;·-regm:dlús.'.of,tfw·coil_-¡- .give it.s ·low.cr bounds. :t;.ipton,hns ehown :_;,'.r transitions to·symbols, ;.'," 

.·rlexily .(;f. the \ilgori,tl\m, its. existcnce thát the rcachauilifv·\>roblem is '"'ponen· . .beJed ;markéd' Petri :net ,¡ 
ShOY'S thilt · the: reachabiJity ·probJcm· ÍS tial"timc·hnrd lind CXpOÍiential Hpnci:chúd: ·1~ ~tringó;' civeri2:, eacn. st.rint 

'solvdblc:(ulthOI.igh poRt:ibly ata high cost). [64]\ Thni:'is, t!Íc amouri~·oft.iln~ atid me m· ..... ~ ;· .. lo·a ,possible'execution ofi 
Siuce the''livéness problcm is equivalent · óry spnce'nceded-to solv!l th<! n'nc:ltBbtilto· ;:·;·; ol'all possible st.rin~· corre< 

· · to tl:e reaci1ability p,robltim [35],. it also.is · problcm 111ust bé"at least. a'.' ~x¡ioncnti,d.: : ;.:, posÍ;ible cxchí'tion a r. 
solvable.,: · .,., ·. . · · · " · . : function of the l':l}!l'lh of1th~ mput. descnp· · r · Petri pd de.fi.~es a retri .ne . ' . •. 
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Pctri Nets 243 · ': 1 

l~ms • 

problmns arB. nut solv~].lp 
pparent sim:Jarity :.tn lf1,, 

hlcm. Thc !irst su eh P.Í·nl¡. 
the subset prohlem:rriwn 

ri nets, is t.he n:nchaiJilitv 
'·'lbset of tbc ft•:u:habil;: ·v 
Ílet? Rabin :<howéd thi.:; '" 

~::dPcidable.!B, :13]. La¡,,.· 
.at the equality problc.ni -­
ed Petri neta; is the.t't:rich. 
e net equal to the rench;,. 
<:>ther net?- is al so unde. 

,,_ are imporlant for appli­
' orai might want thc Pc·tri 
ized; btit the sl't ofreflcha: 
Jt to be changc·cL Un!i>rtu­
been shown tha t both or 
are lllldeúdable· in thc 

e exi:-:;ts no .f~n.JH.•rnl ril.!~O-. 
> decide, fo~ t\'oo >irbi'trmy 
tcts; if their .i·eiúóhahilit~ 
·r· one. is the' w bset'. o( u;e 
f is r ... , toinplkated. lt is ' 
mst on of ü Petri · ñ'Ct ·• 
computes: the válué·of a . 

<eh a \<:ay tlú!l ifthc cc¡ual-:. '· 1 
deddablc. thén H.ilbcrt's '. 

3 solv<tbfi!. Sin~e Hilber't's ·' 
' known to be unsólvoble, · 
blem· is undecidable. This 
the.'lmdeciduhility·. of thc 

~~ ·~ . . 
,· 

!nÚon-· h~t:=:. b~Jcn ft,eU.sed on 
¡,f' th'~ rcr.chnbiliLy proh· 
problf!cn:o, oUwr uspcc:t...; t'1f 

~is' procedures havc :_¡h;(i · 

·íl. One n~pect t.hnt has I'P· 

1rh·r investi~~n:on'' is the 
mnplexity of the prohl1·m. 
yct po~;sjblc t'.' detórrnin(• 
exactly. it ís possibiL· in 
ounds. l.ipton has shtt\\'!1 

Jility problcrn is cxporll'n­
·ld exponenLi:d :-;puCe~h:~rd 
aulount oCtinú.~ and ntl'tn· 

i to:solvutht:·renchabili1.\" 
e at IL•ast an pxponenti;d 
mfjth .. r t.ht: i'nput descrii1· 

~ ··~- .... ,., ... ~.·-~-,,. .. ,~ .... "':' ~·--····· 

tion of the l'elri net tin the worst case), 
This is a lower hound; the al'lu"l cnmp!ex· 
ity could be much worse. Lipton ulso shows 
rhat the covcrnbility problein has nn cxpo~ 
nential spacc ·1owcr bound. Hackoif [83] 
has obtained an algor;thm lar solving .:ov­
crability in cxponcntiul. space, showing 
this to be n tight lower b<iund. The ·com, 
plexity of sorne othcr próblems in Petri 
nets has also heen considered [49]. 

,Thesc complexity nnalyses u re very im­
portant in.determinin¡: the usefulmiss of 
Pctri nets for thc modeling Ímd unalysis of 
S}"Stetn~. Tht• reccnt discover.v thnt the 
reilchabilily problem is decirlahle rnarkcd 
a sig-nif'icRnt. ndvancc in lhe senrch for 
an.nlysis tcdmiqucs; !JOWI~Vl:r, thc c:om:-· 
pJexity bounds ¡¡s W<•ll :15 !.he ]arge nurnbCÍ' 
of plae<>s urid lrnnsiliorw n!'eEiE·d to model 
even simple svstcms llmd to indica te thut, 
nlthough nnalysis questiorls may be dí:cid~ 
nhle using Pt:Lri nGL":i, in thé '"''0r.•;e· C:lSl' thc 
cost of answering even simple qucstions 
may mukc su eh analysis· unfeasible. 

5. PETRI NET LANGUAGES 
. ¡. . • . 

Another area in which Petri nets have 
been usúdiH thc study of forrnallanguages 
(se~ 179,-37[). Herc Petri tiets are used to 
inodcl the tlow ofinfurmatiun and cont'rol 

· of actions in a system, The firing of ·a 
transition models the occurrence of llll op­
eration in the modcled sv"tem. A Pe tri uet 
properly models ·a sy~terri if every sl!­
quencc of nctions in thc modeled system is 
possiblc in the Pctri nct nrul every se· 
quencc of nctions in t·hc Pctri n:<:t ~opre­
scmts a pti::;sihle s·l!quence in thc moüdcd 
sysl<•m. 

To rcprc~~ent th~s~.· concl•pts. we l<.lbel 
the trow:,:itilm:-; of •1 !\:·:tri n8l; •Nii'h c:'il.ch 
lrnn:'ition w<: ussocial u a symhol nwning 
thc tr:!nsition. SincP tht.>re ·are only a finite 
numh•:J' of tr~nsitiom;, we (':~11 ·u<~ii:H! n 
finit.c alph"hct :i which is the set of al! 
th'"" symbols. A lab"ling functinn rr maps 
trnnsirions t.o Hymboh;, i.e. 1 rr:l'-:.~. A la­
heled marked Petri nct dcfiries· a ~d of 
strinff.:; ovcr ~' each sLring correspontling 
to a possib]<: cxecutinn of the net'. TI"' set 
of all Jl''~~ible strings corresponding to the 
possiblü exPeutions of a murked labeled 
Petri nct defines a Pe tri nct languaw. 

~~---~·-------- -------------··--·-----

¡ ,. 

' 

Severa! varicties of Petri net Iánguages . 
result from slightly different a¡iproaches to 
dcfining the languages of a Pctri net. One 
entíre group of langu~ges rf's_ult.S ffoin tpé ·. L 
use·of differcnt labeling .policies; since·re; ·, · '· 
strictions on the allowáble labeling func-' _.-,. l · 
tions crcate restricted olasses Of Petri net 1 

languoges. 1 

Thc free languages are tho~e obtained .. ; 
whe" one introduces the requircment that i 

. al! transitian·Iabels oc distinct and non- .1· 
null, Le., <J(I[l .f. a(t,) for 11 .f. t,. This re- ~~ 
quircmelit reflecta the view that sincc f 
distinct transitions model di:;Linct eventa, ' · 
thcy should be distinctly labeled. '¡' 

A more general class of languages re-
sults if o·n~ allows a more general .label 1 

function· in which m:u~y· tran~itionS may . ; . 
be lnbeled with lhe samc syinbqL 1:1üs re- 1 

necta the view that the same ·adio.n. can . 
rcsult from different circumstanccs, and i 
henco mny be modeled by diil!irent,tt:aiisi- .·.

1

¡ 
tions. The modelin_g proeess nwy .eVen in-
troduce some "extm". transitiohs that are 
necessary for proper token move:nent IÍut 
do not coiTespond to actions of interest in 
thc modelod (real) system. ·· . . · . 

. A third'class oflabeling functión~ áliows 
transitions·lo be labclcd withthe.nulf.la­
IJel i>. .. A nuU·Jabel is dciined :as a label 
which dúcs not show up in .the·string re, 
sultir;•.( from an executioil. uf the .Pe tri neL 

1 

1 
1 .. , 

1 ' ' 

. As~~~ example of thc d ifí'ere.n~es of tli,{se 
labeling policies, consider the Pe tri ryet of 
Fig. 22. Let the language under considera­
tion be the set of sequenées whóse nct re­
sult is to rnove thc token in· plac<:> p 1 :'to 
place p, (i .o., the set 'of sequen ces· {i e 
T• ¡ o'(l, G, O, 0), t) ~ {0, O, O, 1)}). lf vic · 
labcl thc tran"itions with thé free labcling 

.<T 1(t 1) =a 

·o-¡(t2) =e 

rr 1(1;1) ~-= b· 

IT¡{l¡) = d, 

then the language is {a"cb"d 1 n "' 
nonfrec but l.-free labeling such as. 

a2(t~) = b 

0"2(t4) '="' b 

O}. A 

yields the language {a"b"l n :> 0}: Iftransi- · 
tion 1, is assigned u null !abe!, then tiie . 
language which results could be theregu-
lar language {ab*c). · · · - · 
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Fmun1-: 22. 
,, ,,~ .. ; 

A Pctri nct with mnrking (1,0,0,0), 

· 'l'hc dass of labeliiw functions is only 
one of the det.,rminnt~s of Petri nct Jan. 
tilt:trres. Anotht!l' i;.; t.\1e d~..~tinition of thc sct 
;·;~- ¡¡',;ul st:JtlJs. J{e~nember that a languug-e 

. is the r;d, of all pos:~ibh~ sequencr.s resuit­
it~:·~ ft·om the execut lun of a labch.>d Petri. 
il<~L ::;tarr.ing in an i11itial marking 1or. eme 
e;!' a finite sel of initial markings) and ter· 
minnting in any elcment of a set of final 
mnrkings. IJiffcrent classcs of languag"s 
cmTe~ponol to dill("·ent d<'finitions of' the . 
Hot uf.llnal m: .. rrkings. 

l•'nur types of PBtri nct languagcs ha ve 
b"cn dclined in terms of the definition of 
linal markings !:1~1: 

l..typ<': The' s~t of final mnrkings is de· 
.fincd by a linitc linal mnrking set /<'; 

(i.type: Given a íinitc markinn ~;et F', n 
; fina} marki1_1g · is any marking 

which is gr~nter than or equal tu 
·. nny elcmcnt. ofF; · 

T-type: A finnl marking is any terminal 
rnarking (a marking in which no 
tr:msition is enabled); 

i'-typc: All rcach,able markings are final 
markings. 

As. an example of the difTercnces bc­
t\vecn theHe differcnt languagr~ clusscs, 

. cow,ider the Petd nct ofFig. 2:J. which is u 
lnbcled version ofthe nct. of Fi¡;. 22. (The 
lul•clir)l{ showri is free, but that is not im­
pnrtunt.) For a finnl state set F ={<O, O, 1, 
0)}. the lAype lunguagc is {a"cb" 1 n 2: O}, 
:hn 0-t.ype lnnguagc is {a"'c:b" 1 m ;:, n 2: O}, 
t.lw T,typc languar:c is {a'"ch"d 1 m 2: n ?: 

O}, und tlw I'-type lrm¡.,~w¡.(e is {a'"l m~ ill 
U (a.'"cb" 1m·;,: ";,, O} U {a'"cb"cl 1m.""""' 
ú}. 

With three difli,.·ent kinds of labeling 
ill'lctions and fnur difl'erent kinds of final­
sl.utc sets, twcl ve <liff.,rent class"s of Pct.ri 
n<:t lringuagcs ·cuu be dcfincd. Dcspito 
t.he;r diffi:rcnces, tlrcse dasscs are doscly 
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FIGURE 23. Lnbcled marked Petri nd cnrrespond­
ing to the nd of Fig:. 22. 

related. Preliminarv investigations have 
.sho'Sn that a·numb~r of containmeiü rela· 
tionships hold betwecn the classes. I~'or ex. 
umple, since thc lubcling functions are 
successivcly more gt'neral, all Petri net 
languages with free labelings are also Pe· 
tri net languages with /..-free labelings 
which in turnare also Petri net languages 
with arbitrary labelings. It can be shown 
that illl P-type languages are also G-type 
lnnguages, thut all G·type and T-type lnn· 
guages with arbitrary' or >..-free labelings 
are L·type languages with the same type 
of labeling, nnd that L-type langqages 
with arbi't.rary labelings are al so T;type 
langliagt~!5.' 'l'he:;c relatioi1ship~ are :;hown 
in Fi¡::. 24, in whichan rirc between classes 
is .used to indica te· that one class is con· 
tnined within the other. lt is· not known 
whether other . ares might also exist or 
which containments are proper. · 

The L-type anJ P-typc languages have 
becn investigated in greater depth. L-typc 
langungcs. havc bccn shown to be closed 
t.inder union, intcr.section, coneatenation; 
concurrency. reversa! and /..-free horno· 

T-type 

L-r.ype 

C-typc 

P-t;-tpc 

.\RBITRARY 
IJ\.DtLltiG 

r' 

>--FREE 
LABELlNG 

T 'j t 
L'--~--L 

~ ¡ 
c:~-----G 

!\ ¡ 
p 

FWliR~; 2-L Hclatim1~~hips umong 
· dus~e:-. of Pdri net. lunguugt:s. 

FREE . 
J,.ABELING 

r' 

Lf 

Gf 

¡ 
.,. r' 

!he d!ffcr~·nt 

-- ~----·-~--
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morphism [77, 37]. P-t: 
more rcstrictive but an 
union, intersection, e 
concuri'cricy .137]. Hacl 
charaéter'iziiiion thcore 
c,iuagcs showing that t 
brwuag-es is thti Fnnl 
thnl in~ludes á finite . 
compict<: parenthcsis 
do;i:.·d under i"nverse h_o 
currcncv, int.er.sBdion· 
rnorphi~rn. ('l"he Compl~ 
gungc is the conte:<t·fJ 
two symbols {(,)} 1\•l 
properly nested parentl 

The relation of Pctr~ 
the L-typc) and other el 
has also been Cxaminet: 
guagcs·are Petri .. n~t lail 
text-fi·ee ,languáges -ar 
guages and sorne Petri 
coi1le~t-freé, bnt neithcr 
othcr. Their common in1 
regular·languag~s and 
free. ,languages, ·among 
ingly, the .comp ~nt 1 1 
language is co'n.,._.<t·f~·e 
Pe tri · net l'angunges ar< 
[77]. Thcse ielationship' 
Fig.25. In this dingram; 
two classes .:or language 
containmeilt. Note th~ 
guuges a-pp·eD:r to ~e rOu, 
context~free·languages i 
intercst). . 

The original impctus 
net languages wüs to t~ 
thc· decidability qucstior 
has.beeÍl shown \37] tha 

· problem for Pe tri neto 1 

labelings is · decidahle, 
and ec¡uivalence~problen 
I.f langunges are unde< 
cidability' problems are 

'reachnbility problem an 
A different approach t 

tri neLs by ti). e use of f<m 
ory · hris bécn consider1 
glliizi and Mandrioli [, 
the similarity between 
transition and thc appli< 
lion in. a dcrivation in 
rionterminals a1v! token 

····~·~--~·--:·~·":~-~~'"r"';'""" ~ -... 
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hary inv~stigatiom; havt· 
'nber of containrn<'nt r"la­
twcen the classcH. For ex­
o lubclinr, functions m·,,. 
·e general. nll Pctri twt 
'ri~c laheling.., are al~o Pl'­
eH with i\-fi·ee labclin¡:s 
'also Petri· nct languHc;•" 
1belings. Ii 1.:an ht! sho\\'n 
tngua~cs are hl;-;o G~t.ypt~ 
tll G-l)1'" and T-type lnn-. 
itrary or .\·free lahelings 
mges with thf! snme' typc 
l th·· L-type languagcH 
ahc ; are also 'f.typ<· 
e rclauonship" are shown 
ich an are hctween das~e~: 
tte that one class is con­
te othcr. lt is not known 
1rc5 might ulso cxit;t, or 
'nts are proper. . 
,d ·P-type languagcs ha ve 
d in greater depl.h. L-lYP" 
· heen slwwn tG !H.': closcd 
;.ersectitm, <:oncatcnatinn, 
versal nnd A·lrce. hamo-

}.~n~n; 
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morphism [77, 37]. P-type langitages rwe 
·j more restrictive hut are still dosed under 

union, intcrsection, corir.atenation ond 
concurrcncy 1371. Hack has developed a 
chnractcrization theorem · for L-type Jan-

: guages showing that thc clnss of !Aype . 
langua¡;es is the smnllest of languages 
that includes a íinite language und the· · 
complete parent.hesis lan¡{Uage and is 
closed undcr inverse homomorphism, con­
currency, intersection nnd >..-tren horno-

·, morphism. tThc complete pa.renthcsis Jan-. 
guagc is thc context.rree Janf,rlwge o\·,~r · 
two symbols {(,)} whosc strings are 
properly nested parenthesis ·strings [37[.). 

Thc rdatiun of Pct.ri nCt. lnnh'1tnges !or 
the L-type) and othcr classcs.of langua¡~,;s 
has al'" been examitu:d. All rcgulür lt:n­
~uages are Petri net lunguugcs. :Oome cnll­
tcxt~f'rco lnngua~es are PeLri net lnn­
J..rungc~ nnd somc Petri net lnngungr,s ~trc 
contcxt-frce, hut ncither class indudes thc 

. , othcr. Their cornnion intorsection inclltdes 
rcgulnr languages ami bounded conlext­
free. lnn¡,'Uages. 'among others. Su rpris­
ingly, the complerncnt nf a free Petri not 
languugc. i:J cuntcxt-t'n:c 118]. All A-f•·ec 
Petri ·nut ·larigungcs :trf' context-se.nSit.i·;e 
177]. Thesc rclationsltips are illustrnted in 
Fig. 25. In this diagram, an arrow bc•twPen 
two cln~scs of languages· indica tes pr6pcr 
containrnent. Note thnt Petri nct lan­
guagc·s nppenr to be roughly equivalcntto 
context-free languagcs in complexity (ami 
interesO. · 

Tiw original impetus for studyinG Pctri 
nct·languages was. to t~1' to :-:;ettle some of 
the dcciclability qucstions for Pe tri net.s. lt 
has bccn shown !37/thal the m·cmbersitip· 
problt.'m for Petri mHs with A_-fn•e or free 
labelings is d1~cidnhlr., hut. the inelul-'iun 
and e(piivnlew:c prübkm~ for P, P", L ;md 
LJ.. lan¡~ua~zri~ nre utHieddablt). Mnny du· 
riclabilit.y )Jl'Oh!t•IIIS lll'c' <:qllivaJcnt (O the 
roachahility problem and thus decidnbiH. 

A di!lcnont npproach to the slwJy of l'c· 
tri neb; by·the use of ftJnnallanguagc thc­
ory. has becn considcrcd by Cresoi· f{e­
~hizzi nnd MandritJli [19]. 't'hcy n~ticed 
the similarity betwecn thé íiring of a 
transition and thc application ola produc~ 
tion in a derivation in which places are 
nonterminals nnd tokens are •cparate in-

.'· ... 
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Fmum: 2fi. Rl'lationshios <'.mon~ P('tri nct lan-: : 
gua!:{c::; and the dassicfl.llanguagc class~s. 

stances of the nontemünals. The mf\ior. 
difTerence of this approach is the lack of. · 
ordering information in t.he. Petri' Det ca·n­
tained in thc scntcntial form ofthe dcriva­
t~on. To accommodutc it, Crespi-Reghizzi 
and · !\·r:111dri.oH 4ctined the commutaúve 
granunars, which are isomorphic tu (geu­
crnlizcd) Petri -nets. In addition, they con­
sidered the relationship. of Petri nets to 
matrix, scattercrl-context, non~terminül­
bounded, derivation-bounded, ,. eqital-ma­
trix, and Szilard lan¡,'Uages. For exnmple, . 
it is nol ditlicult to·sce that the 'c!as¡; 1/ is 
the seto!' Szilard languages of ma'trix con­
text-free languages [21 ]. Similar· work by 
Kellcr cunsidered tite dass of commutati ve 
semi-Time systerns 1 éi3]. Keller ·ha.> also 
pointed out that A-free lan¡,.uages are a 
subset of real-time cuunter languages. [26]: 

It ~'hould be pointed out that thio entire 
· appro~ch to Petri nt•ts and L.tnf:,rum{eS may 
rc;:}l~l.':lctlt an .ápproach from the \'-Tong Gi­
rert.ion: Petri nets wcre deSigned to repi·e­
sent conc.:urrcr.t activity, yet the rcpresen­
t..1.tim1 of a Petri nct execution by a st:.-i!'lg. 
fon:es all uctivity to be repre::;ented seri­
ally, incorrectly implying a total ordering 
bdwe{·ll events. :-111mc .. Vork has con::;id­
crc!d uthcr rt!preSNltations of thc partial 
ordering~ resultir1g from coneurrent activi­
tics 1·13, 8ii], bul furllter research is necdcd 
in this area. 

6 •. EXTENSIONS ANO SUBCLASSES 

Tite success of any model is due tO two 
factors: its modéling power and its decisiori 

. powcr. Modeling power refers to the abil-
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itY.:'to cm'rectly i-eprescnt the systcm to be 
inodcled so 'that the rnodel will be a faith­
ful rcprcsentatió'n of thc rnodeled systern. 
DcCiRioti j:íower refers to the ability to ana­
!yze spei:ific versions of thc model and de­
termine propcrties uf the modclcd system 
[54]. 
. These :two factors ¡¡éncrnlly wr,-k at 

cross put-poscs. Considcr, for cxamplc, fi­
ni1P.-;;i.ate)ystems: Sincc thc set of rcuch-. 
abif) s .. ~1W~ is finite, ií is po~sibl{! to answer 
nlmoc>l. any question nbout a finitc-state 
rn0dci; he~>ce such n model has veryhigh 
decision power. On the othcr hnnd, the 
class nf syst<,ms which can be modPled is 
sevcrdy limited, which rrieans that sucb a 
mqdd hag very low modeling powcr. Tur­
ir..g m:1chin.cs, by contrasi, have f~nod 
r~1óde!ing 'power but, sincc niost ~~eneral 
ques!.ions are undccidnble, ha ve poor rleci­
sion pcwer. Whcn wc increase modcling 
JlO\V<>r (an'd himce the complexity of the 
rnodels and th" rnodeled systems), our 
obi.lit.\· t.~ algoijlhmicnlly d;,terminc the 
propé\'i.ies oí' the modr.ls is gcncrally de­
crcn~ed. r · · 

Petri net models represcnt an atlcmpt to' 
cofnprorniSc: bct\vr:en the.sc two · i:1durs. 
'l'liey havé bet.ter modeling powcr than fi­
ni't.c-etntc models >vhi ¡,, (onc hopee) rdain­
ing mo:;t óf the la~ter':_, decísion powPr. As 
a uinl.l.cr offnct, Petri nets wcre OI'Í"inally 
clefin·:d in unswer tu the limited modcling 
po\,;cr of finite-stnte models. 

Not all researchers hnvú bee.n sat.isficd 
with lhe:rnnrleling power of Pctri nets, 
how.,vc:r.:.' lt is dÜTicult to modo! ,;orne 
cvcnl-; or ronditions in syst.ems by Pctri 
nct.s, ond'it has bCen ~hown that t.he cor· 
rect morl<!ling of othcr relativcly rcasona­
ble systems is impossible.[3, 5'7]. Thus sev­
ernl proposuls have bPcn put lorth for ex­
tendingthe inodeling puw~r of Petri nets: 

Extended Pe tri Neis 

Onc ofthe tirst extcnsions is to rcmovc the 
constraint t.hat· n plate may contrihute or 
receivt.' only '.m·u token frorn t.hc firing of a 
trnnsition. c~~nsidcr t.hó modt~liilg of che m· 
ieal re:lctions. Hcre a token ·in a place 
r<·pn;scnts the availability of a c<,rtnin 
mnleculc or niom. Cl,lmnicill I'Úactions arO 

21 

modeled by. transitions and m ay oceur 
whenevcr tokens indicate the availnbility 
of the renctants. ·1:bc tiring of the transi. 
tion mOdds the reaction, Which con~ume:; 
inputs treactants) nnd produces outpuL< 
(products). Notire thnt a chemical renction 
ma.v well rcquire more than onc .unit of a 
particular reactant. 'l'his is modeled by al. 
lowing multiple ares bctwecn transitions 
and placcs, sir;ni(ying the number of to­
kens necdcd. Figure 26 illustn:ites a Petri 
nd modd of a rcaction that needs threo 
.Cl, and two P lo pruduce ti·o PCl". In ordcr · 
for the transition to firc, ·at least three CJ.. 
and two P inust bé available. Tbc tiring of 
t.he transition absorbs these tokens and 
produces two tokens in its output place. 

Petri nets that allow multiple ares hnw 
. becn called generalized Pe tri ncts 1:34. 5·n 
Hack has shown that thcse nets are equiv­
alent to ordinary Petri nets \Ut most one 
are bctw<'en a place and a transition). 
Hcncc nlthough this change m ay. in crease 
t.he convenience. of use, it does not change 
the fundarnenlnl modcling power or deci­
sion powt~r or Pe tri nets. I\1ost rcscarchers 
thus use gcncrnlizcd Pctri nets in .their 
work, often ignoring the di:->lihction he~ 
t.ween them and what we hnvc delined as 
P<Jtri ncts in this papcr. ·· 

A more fundarnen1nl extension of Petri 
nct.s was undertnken bv a nurnber of uu­
t.hors ll, 5, 7:ll in respor;se to diflieulties in 
tlw, modeling ofpnorily systems with Pet.ri 
ncts. This cxtension involvcs so-caBed 
zero-icsting [531: the introductión of ares ' 
frorn a place p, to a transition 11 which 
allow thc transition to tire only ifthc place 

fiGURE 26. · Pt:tri n(~t modC'I ofo. chemical rcuction. 
iJJUst rutinJ.( ~lw,eonccpt ,f multiple input und out­
piJt urc1:1 bctwcen a tran:;ition and a pince. · 

. ' 
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f¡GURE 27. An extended_ Petri : 

· equivalerit narro,~ly dctmcd Pt• 

p, has zero tokens in it.· Thr. 
hu ve been drawn m severa] 
rcscnt t!Him as shown in Fi¡ 

· transl tion e~ can fire only i. 
· b, each .ha ve at least ime 

nnd place b, has exadly z< 
·are from b, toe, is .calléd a 
it h..¡ ves transi tion e, prior. 

· ·. tion e,. 
. The adc.lition of inhi 
extensión. of thc concept 

• Agerwala has shuwn that 
tended in. this manner ha1 

· power of.á Turing machín< 
aloo be used to shów that 

·. problems are undccidáble 
extcnsions of Petri. nets i1 · 
troduction of priorities ¡ 
tions, time boúnds on tr 
[6<11 or constraint scts tha1 

· residing ><imultancwsly i1 
are equivalcnt to Pehi neí 

. ares and hcncc to Turiri 
· · .. terms ()f modeling power, 

lo be just below· 'l'uring rr. 
any significant extension 
ing-machine equivalence. 

Subclasses of Petrl Neis · 

lt was hoped that the lir 
inodelin~~ pmver. of Petri! 

, .. Turinrr rriachiiües would l. 
.comp~~1sating increa~e ir' 
111is appear·s to be the en: 
ncts · many decision prob 
lcnt to the reachability' 

-~- ... -.-· -· -
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' ··~tlitions' n!ld rnnv oectu· 
;,~,dicat" th•.• nvriiinliility 
fAile tiring nf' Uill lhmsi-

, '!-~action~ which C(~ns_unH·>:-. 
!~j and prnduc<:~ 'nutp~]r:, 
,;t~h:1t a cheiú'ic:al·rC;'aCtioit · 
-~;nore thnn onc U:niL of a 

·.'_';),. This is modelcd by á l-
. -~~l¡·~s bl!twpc~n tr~nsiti_n~ls 

~/tng the _number <J{ lo.' 
:fe ~6 illustrates a Pt~tri 
:.~tlction lhat .. ncc~ds -thrce 
:})duce Lwo I 1Cl:1• In onklr 
·::u fin~. :1t !l:ast tlu·N~ Cl., 
- ~.iov:-1iTnbic. The fjring of· 
:}.:OrU.s th~~~f· lnken::; ai1d · 
.·:.(IS in it~• olnpnt place. · 

·- .. ;muw. mt~h i plt: u res llave 
·;lizt:d nctri !ld.'i_ .[ :n. [j.J]. 

· :1at thc}:o nds ai·e HpJiv. 
-~~e tri n(!Ú;' ( Ei( mOst Orw 

. ~~ce nn(f ,a lr~n_S(~ión) .. 
;js chant{c ,m ay increase 

'_:;·~' .... ", it do_(~~~n9t~Changt~ · 
;}i ling p·o\\·ér~·or deci~ 
! nds. Mo~t '1~i$eiireher~ 

: !,~d f'ct.ri.ncL~ i1ftheir . 
;ing the distinctinn. J:c: ' 
1 ;hat we háyt"! defi ncd as 
··;'l8pcr. · 

1~iltnl eXtP.!\sion ·of Petri 
. L• 
: · •:en by ·a number of au-
: .'i·:.~sponse to difficultics in 

'l'• . . "thl' t. : ... ~pnt.y syst.cms w1 . ·e n 
.. liion invol ves so~ca lled 

:·,.;;¡he introdtirtion' of nr·cs e 

;·>"~')a tr:msition tr whh:h. 
'· .\1 to tire• onl.v ifthc pl:H''' 

·' 

;nmh'l of a cht•mical ~cucl.i~;·~~­
./:pt -~"rnullip!t·~ input und nul-· 

. :r~ (.10 und a plncf!. 

' ~~ . 
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fJHURF. '27. An cxtend('d Petri nct which hns no 
equivulent nnrrtlwly. dcfmed Pctri net. 
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Petri Nets • 

has been shown to be decidable. Howevcr, 
reséarch on the complexity of the rcach~­
bility problem has shown thnt even thougli. 
it is clecidablc. it is very diJlicult tn solve:· 
Thus, from a practical pr>iP.t of vicw, Petri 
nets may be too powerful to be analyz,,d. · 

'!11e result. ofthis has becn the delinition 
of a·number of subclasses of Petri nets, in· 
hopes of !inding a subclass 'with tknown) 
decision power and still adcquate modcl­
ing powcr for practica] purposes. These· 
subclasses are dctined by rcstrictions· on · 
their structure intended to improve thcir:· 
analyzabili ty. 

Two subc:b_sses.are most commonl_y.con­
sidered, stnle machines und marked 

• graphs [44]. St.ate machines lire Pet:ri neis 
p1 has zero tokens in it. Thesc spccial ares which are restricted so Lhat cach transi-. 
ha ve bcen drawn in several wnys. Wc rüp- tion has cxaclly one input and one.out.J)ut. 

¡ rescnt them as shown in Fig. 27. Note that These nels are obviously· conserva ti ve and 
. transition e, can fire only if plar.es p., and hcncc tinite,slate. rn· fa~t, they are cxactly 
. b, each have at least one token in thcm the r.Jass of íinite-state machines. ,Thio' ¡5 
: and placcb, has exactly 1.cro .tokens. Tho clcarly shown by considering ti1~ stnte 
:are from b, toe, is.cnlled an.inhibitnr nrc; • · · graph bf' a íinile-statc machinc, as in Fig; 
; it givcs trunsition e, pl'iority over transi- 28a. Thc nodes of this graph represen! the 
. tion e,. states of the finitc'state machine. An are 

.'!'he n'ddition of inhibitor ares is a mnjor from state i to state j labeled :>;.indica tes 
extension of the conecpt of Petri nets; that there is a transition from. state ¡ to 
Agerwala has shown that Pctri nel~ ex- statej with input x. Note that this .state 

. tended in lhis mnnner hnve !he modeling graph is nondeterminislic: The gmpi 1 of 
; power of a Turing machine and· hence can f'ig. 288 can be con verted toan equivalent 

also be used to show tlutt many decision Petri net by siinply making each slate a 
: problcms are undecidublc [1]. Many otber place, and making each are hetween -two · 

extensions of Petri nots including the in-· .Places a transiti.on. This is illustratcd in 
: lroduction of priorit:ics hetween ·transi- Fig. 2Sb. Note that this Petri nct is cón­

tions, time bounds on transition · tirings · . servative. If the state graph had been non-
166], or constraint sets th'ut prohibit tokens· deterministic, then the Petri net would 
residing simultancous·ly in two places 173] also ha ve this characteristic. Finitc-st::ite 
are equivalcnt to Petri ncts with inhibitor mnchines, bcing tinite, ha ve very high dé­
ares ami hencc. to Turinr. machines. In c-ision powcr. bÚt they are of limiten.·· use' 

· ~rrrls of mudding po\\-'CJ' iJet.ri nets Sf.·•~rn · í'ulne:.;;:-:~ in nwJeling systems which are not 
to be just lll1l0\\; Turin,~~ mnchines, so that . 
o . ·¡· t t lt . 'l' finite. . . ' 
·"Y "1011 H:nn · ex """'"" ,·~su s lll ur· .Markcd grapbs, thc dual of state nia-
ing-nlltchine oquivalt•nt·e 1781. chincs·, ha ve also béen studied exlensively 

Subel~s~es of Petrl Neis [ 17, 44]. A iiwrked graph is a Petri nét iri 
which each plac-e hns · cxaclly one input 

. lt 'was hopcd that the limÍtntions on tbc t•'ansition and one output transition. Alg<>' 
, modeling power of Pctri nets rclat.ivc to rithm~ nre known for showing that a 
, Turin.g machines wonld be balnnced by a marked graph is livc and srue, nnd for 

·• compensating increasc in decision power. solving the ·reachability problcm for 
·; l'his nppears to be the rase, since lor Pe. tri. marked grnphs. · Thus, marked graphs 

· ·. nels many d<:cision problems are equiva-: bave high dccision powcr. The:,: have lim· 
·lont to the reachabiliiy problem, which itcd modeling power, however, since they 
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rl. L. Pctcn:un 

(8) 

b 

a 

·(0-t~-
. . b 

(b) 

Fumiu: 2fL F.quiv:th•nt fnnd,:ls of n finitr-~itult: mn· 
cl~ine. (ai Slatc ).l"raph modd. (bJ P<~tri net mndel. 

are nhle to mouel nnly tho"'' sy't"m" 
whos" control tlow h:" ·no brancÍws. In 
nlhcr wonls, p:trullcl adivitit•s can be eas· 
ily modl'lt.!cl; bu t. not ill.t0.rn:.nin.· itd.ivities. 

Tho problen1 wit:h nwdcling dala-dc­
rwndt~ntdPdsions (hr:uwhes) in a Pctri nct 
is t.h:d. conJlj('~s ma~' ;.1rise, nnd nets with 
conflicts s<:cm· to b~ diflicult t.o anillyze. 
Hack hns inv.,st.igai<:d llw elass of' fh•e· 
dwict' Petri nds 1821 in whidt .eneh are 
rrom a plw;e is r:ilill'r thc u ni que out.put of 
thP. place, or t.lu! un'itjt.w input. to a trnn~i· 
t.ion. This n;striction IIWattS Lh:-tt ifthere i~ 
u tok"n in a plnéé lhcn eitlwr thc token 
will remain in that pince until ils unique 
•·utput tran~ilion tires or, if thcrc are mul-

.-C::umpulinl( Stltv('ys; Vol. 9, Ni1. 3, Se¡tkmbcr 1977 

tiple outpuls for the place, then thcr(, ¡, , 
free choice asto which ofthe·transilion, ,. 
fired. 

Hack and Commoncr have shown th:n 
livencss and safcncss for free-choice p,.,,., 
llCtS are UCCidab\e UllÓ haVC given lliT<·::. 

sary and sufficient conditions for th, ..... 
propertics. Hack has also shown lhat r., , .. 
choirc net~ can model a class of .sv~t,·n:. 
calledprvduction schemata whil:h a;·e ~irt:. 
ilar lo '"sembly-linc systcms. 

Other subclasses of Pctri nets ha ve ikt·l· 

d<·>fi n<!d 1~21. for <'xample simple Pe tri m·L·. 
bullitth• analvsis ofthcm has been dom·l•• 
date. F'igure 29 shows allowed and di,al. 
lmved sit.uations for three subcla!:l:o:t• . ..;. 
Landwcber and \(obertson !58] have :;tw:. 
ied thc classes of conllict-free and persi,:. 
ent Petri nets. 

Related Models 

Any discm;sion of Petri nets would be in­
complete without a mention ofvector addi­
tüm systcms: Thesc systems were def"uwd 
by Karp nnd Miller 1511 and are.equival<'lll 
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Pdri nct~ . 

.,, Pctri nets [34]. A JI 

., cssenkd \y a mathemat 
:;, tcrms uf vectors, of ti 
:,ansitions of a Petri net. 
~wtical formulation fs · 
: 1r formal mani¡mlátior 

' :~-aphs, m::my re!;u\ts a·re 
· ,·ector ncidítion syste;ms. ·: 
. ,1, equally to Petri nell 
. :n:ont systems [53l are 
.-quivalent) model bas~d 
, ¡,n of t he vector add1llt . 

l t should also be poin 
ncts are far from the onl 
r,~nt syst~ni.s to hav~ be 
manv other models·dev 

. dude prograrn graphs 
"r:mhs [50], message 
·;cms [85], flow graph s 
complex bilogfc directec 
has pnblished· a surve: 
rnodeis [6].A comparis< 
of, rria~y of thése mod• . 
tliat.most of thcm are • 

· Pctri n'ets or eqnival• 
Thcse rcsults ·ha ve bce 

. comparisons of Agerwf 
at much the samr ·r 
the relativc modeL . 1 
models. The definition·. · 

. be carcfully .considere' 
Snydcr, and Zalcstcin, 
models. using a dcfini 
consiclerably · dilTercnt 
thim those of Petersor: 
ivala, and,arrived at u' 
in the modeling · po• 
models of coricurrent 

CONCLUSIONS 

The Petri net has bce' · 
tor svstems exhibiti• 
dn:o~ous aétivities. T 
might afl'ed its ace< 
regarding the · model 
sion powcr of the· m 

· nets are not the onl~ 
nous cmicurrent syst 
lent to or. include n 
addi tion they ha ve a 
c1eanneSs whkh.pén 
ural represenlation 

. ' . 
. '=""~~--"''~'-'·¡."":"· 
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·:::e, then'thn., is·;: 
.; thc transiti<ms ¡, 
•:' ' 

¡; · .. :.,havc show11 lit•: 
r ~;'· fn:c.:-eh~ice 1\·t~;l 
1 

1 ¡'U\ V(! 'gi\'Cll IIPCP:. 

1

1

.: .. :ditions iiw ¡¡,.,,,. 
·• ·i) J-:hown thnt fn•; .. 

f:': ). clnss of sv~tPn¡.., 
t ·,ta which u~e S:l!n. 
¡_, ·'tt.·ms. 
~- !:tri nctS ha ve t)(~"n 
~- :<sünplc Petd nt'l!->. 

;';1 has beiJn dom\ t"u 
,··']llowcd and di>:ii­
·/Jlrec subclas~~"" 
)n 158) have Hlu·d~ 

. ·::.free and persisl. 
), 

' ,, 
·' •• '1 
:;m,ts would .be in­
;.ion ofVect.or ¿1ddi-

" 

. ' wcre dcli nt•d 
.trc equivalen! 
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' 10 Petri nets 134]. A vector addit.ion systcm 
; ¡_, csscntially a mathematicol formulntion, 

¡n terms of vectors, of thc: markings and 
1ransitions of a Petri neL Sincr: thc mathc· 

· mcüical formulation is more ·convcnient. 
i"r formal mcmipulation than Petri nd 
,rraphs, many l'esults u re given in terms of 
~cctilr addition ;,ystemH, although t.hey ap· 
ply equally to Pe tri ncts. V cctor replacL~ 

· mcnt systcms 153] are a rclated (and · 
,.~uivalcnt) modcl based on <i generaliza· 

· lion of thc vector addition systcms. 
It should also be pointed out that Petri 

nets ·are far from the only model of concur­
n•!lt systems to ha ve b<:en. developed. Thc 
many othcr modcls developP.d to date in-

: elude ¡:>rngram graphs· [87], cornputation 
; J;."'l'aphs 1501. message · tran!'mission sys·· 
: tcms IB!il, tlow graph schemal.a 189], and 
¡ complcx bilogic dircctcd.graphs ¡:n¡. Baer 
' has published a survcy 'of so me of thesc 

models [6]. A comparison ofthe proporties 
of mány of tbese n1oclels [78) has shown 
that most of them are either subclnsst•s of 
Petri nets. or equivalcnt to l'ct.ri nets. 
These results have bcen reinlt•rccd by the. 
comparisons of Agerwala [2] which arrivc 
at much thc !-iame conclusion concerning 
the relativo modcling power of the various 
models. '!'he dcílnition of cquivalcnrc must 
be carcfully considercd, howcver. Lipton, 
Snyd"r, and Zalcstein [6:ll have cornparcd 
models using a delinition of cquivalence 
considerably ditTerenl but no less · valid 
than thosc of Peterson nnd Bn·dt or ll¡:;er· 
wala, and arrived at importan( dill'erenees 
in· the modeling power ·nr thc various 
rnodels of Concurrent gytit.cms. 

CONCLUSIONS 

1'he Pctri nct has bccn delined as n lllodd 
l'or syst.erns cxhibit.in¡.~ cmn:urrcnl :u;_vn7 
dwonous nctivitics. Thc m:-~jor íi\clor~ thnt 
might. affect its ncccpLHlCC nrc roncern::; 
regarding thc modeling powct· nnd dcci­
sion pnwer of the modeL Althou¡(h l'etri · 
nets are not thc only modcls of asynchro· .· 
nous concurrcnt syRtcms, they nrc equiva­
lent to or include most other modeiH. In 
addition they havc a cc•rtain clearncss anJ 
cleanncss which permits a simple and nat­
ural rcpresentation of many systcms. 

~-- --- ---~-------···--· __ :_ ___________ ~--------C.:.-· _· :.:....:___ __ _ 
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Tlms they have gainPd increasing accept' 
ance in thc lasl decadc, and their use is 
growing. 

A major modcling systcm must provide · 
more than simply a cnnvcnient represen­
tntion system, however. It must also pro· 
vide analysis procedures that can be used 
lo determine propertics ofthe modeled sys­
tcm through thc modeL Sorne su eh a naly­
sis procedures for Pe tri ncts do· exist, al­
lowing t.he analysis of systems for b·ound­
edness, conservation, . cov.erability, and 
renchability of a marking. However, other 
properties. such as inclusion or equiva· 
lcnce of two Petri nets, have been shown to 
he · undecidablc. E ven though problems 
such us reachability may be decidable, 
cornplexity results tcnd to indicate that 
tlwsc problems may be intractable, requir· 
ing too much computational time and 
space to be practica!. Any signilicant ex· 
tension of thc Petri net model tends to be · 
equivalcnt to a Turing nJachine, and 
hence nnalysis of thcse extensions is not 
possiblc duc to decidahilily problcms. ,The 
su!Jclasses . which · have bcen examined 
ha ve good decision properties, but may' be 
too limited for' useful modcling. On this 
topic as on many othcrs relating to Pctri 
nets, much work remains to b2 done. 
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PREFACE 

As a prcliminary. it is appropriat~ lo discuss hricl1y the scquence of cvents that has led to 
1his 1rport. Amon,!! thc rcsponsihiliiiL·s of the St~nd:uds Planning and Requin·ments Committee 
(.~l't\H.C) nf thc American Na1ional Stamhlnls Committee_ on Computers ami lnformation 
Prnccssing (ANSI/X1) is tiH· g~·¡u:rali1111 of rc~.:omnu.:ndations for. action by thc pa~em Com­
m;ltcc on aprropri:ife ;ucas for thc initiation of standard devclopment efforts. For sorne time 
SPARC has bc~.:n ;1_w;,re th;~t d:ll~ha~;c managcmcnt systcms are _becoming central elemcrits of 
information prot:cssinr. systcms and th:1t thcrc is less than full agrcement in the community on 
·th(·ir design. In additinn to thc c:dst~·-n.:c of a nu111her of implemcntations of such systems, a list 
th:1t continuc~ to !'.roW. thcrc :1rc severa! do¡,:uml'nts gencratcd from the collective wisdom of 
SOlllt' scgmcnt of tlw. informal inn pro~.:~ssing cnrnmu:1ity which are either proposals for specific 
systems (CODASYL Data Base Task Group Rorort, Conference on Data System Languages, 
1\CM New York) or more gcncml st:.temenls uf requirements (GUIDE-SHARE Data Base 
Managemcnt Systcm Requiremcnts, Joint Gnidc-Share Data Base Requiremcnts Group, New 
York). Thcre ic; a debate in the cnmmunity on whcthcr cxisting and.proposed imp!ementations 
mc•.:t the in.dic:atcd rcquircmcnts. or whcthcr thc rcquirements as drawn are all real! y neccssary. 
Funhcr, lht..:re havc bcen scrious 4UCstions abollt the cconomics of systems meeting all the 
stalcd requircments. 

In addition to the ahovc consiJaations thcrc is a ~ontinuing argument on the appropriate 
data model for thc user, e.g .. the rclatinnal. hicrarchícal and nctwork models. A good answer to 
thc qucstion o( which data ·moJel to use ís ":di of the above". A major consequen<;:e of the 
framework describcd in this repon is a mech;mism that appcars lo pcrmit this answer in a 
mcaningful scnse. Mnch of thc work has been dliven by thc d~:~ire to accommodate the various 
rcquirements, statcmcnts and differing. view·points. 

· ln the autumn of 1972, rcsponding to the clcarly perceivcd necd to rationalize the growing 
confusion, SPARC touk formal action lo initiate invcstigation of .the subject of database 
management systems in thc <.:ontcxt of po!ential standardization. Consistent with usual practice 
when confronted \\'Íth a complex subjcct, SPARC estaU!ished án ad hnc Study Group oit Data 
U<1se Mana¡!cment Systcms. Tltis Study Group was convencd with a charge to investigate the 
subject of da! abase man;,gcmcnt sy . ..,tcrns with thc· objcctivc · of determining which, if any, 
aspects of such systt:ms are at prescnt suitahlc candid:Jtcs for the development of American 
National StandarJ:•. :fhc "if any" qualificalion is imrortant br.~:ause a ncgativc response is just 
as mcaningful'as a positivc rc~pon~e in a stamlards contt:xt. Standards at the wrong time could 
easily rcstr:lill technolo.rücal mlvancl!. Thc "nt prcscnt" qu:diflcation is equally significant, 
indícating thc continuing nccd for rCvicw as thc rc4uircmcnts, tcchnologics and economics 
change ovcr time. Thc olfJcial Scopc and Program uf work of thc Study Group at the time it was 
formed follows. · 
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SUMMARY 
Thc· ANSI/X3/SPARC Study Group on Databas;: Managemcnt Systems is chartered to in· 
vestigate the potential for standardization in thc arca of database management systems. A 
ncccssary first stcp has be en thc dcvelopment of a set üf requiícmcnts for effective ·database 
management systems. These requirem~nts have emerged in thé form of a generalized fnime~ 
work for thc description of databasc managcment systc11S. No existing or proposcd im­
pkmentation of. a databasc management sy·stem comp\etcly 5atisfles thcse rcquirements nor 
t:omprises all of thc com.:ert~ in volved. A neccssary preliminary to any diScus.sion cf stand.ards .. 
is, thcrefore. an cxplanation of this framcwork. This report providcs such an cxplanation. 

In the course of thc early discussions of thc Study Group. it emerged th"t what any 
standardization should treat is interfaces. Thcre is potcntial disaster and little merit in develo­
ping standards that specify how cumponcnts are · to work. What is proper for standards 
sp::cífication is how thC: compom.•.nts :1rc meshed: in other wun.Js, thc fipecification of interfaces. 
With this motíon in mind. a generalizcd framcwork for a database management systcm h:~.s been 
dcveloped that highlights thc interfaces and the kind of information and data passing across 
them. Figure 1 is a simplifred schenratic view of this framcwork. The complete diagram of thc 
system framework is given in Fig. 2. . · 
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The hexagonal boxes in Fig. 1 dL•pict r•:oplc in spccific roles. The rectanguklr hoxcs · 
represen! proccSsing functions. The l_incs rcpr:.~scnt l!ow of data, control information, .j,ro:a:1.ms 
aml·dala dcscriptions. The dash.t:d boxcs reprcscnt pro¡..:ram prep~tratioh and exe~ution subsy~tcms 
(induding cornrilaliün ami intcrprct:ttion functions). Finally. thc snlid h:;rs represent ith~nt:til'd 

intcrf~Kcs. thc u!iimatc s~hj~cr m:wcr of the ~wUy Ciroup's. Uclibcr:ltivns. Tiie:;l.! intcrfa"·cs a;C 
numbcocd rathcr !han cunventiunally namcd [(lT simplicity of discussion and to avoiJ cunfusion. 
Figure 1 is a simplilicd diagram. lt is consisten! with thc dctailed diagram of Fig. 2-discussed in 
Chaplcr 111. 

It shouiU be notcd th<.at, cxcept for the human·system interfaces. the technolor,ical nature or 
an interface is ODI Jctermined: it cnuld ht· hardware. software. firmware or sorne mixture. The 
diagrams spcdfy function. not implcmcntntion. Thc implcmentariun of ,the systcm is not 
prcscribcd. nnly thc rcquircments that ,}Hist lw satislicLI. For cxamplc. a hox fnay conl'sp:Ond to­
a (:ompikr, to a prncc"s·s or to scvcral moduh.:s of vari~1us typcs. 

Sorne pro~..:esses and interfaces are omittcd un this simplifled vcrsion of the diagram. For 
instancc, thc ·various ways that systcm programmcrs and ma~hine oper:ttors can l1se thc system 
to makc ad lwr rcpairs are not p~cscnt. Thc bypasses of thc system mechanism \1.-'hich are 
asscrtcd to p1:ornotc cJlicicncy but may impact data indcpcndence. intcgrity anó. secmity are not 
prcsent. Thc cntirc structurc of physical mapping of data onto spccific storagc media is abscnt. 
Much of il will he dic1a1ed by thc hardworc imnlemcntalions and, as such. is of liltle conccrn · 
to thc cu1 rcnt invcstigation. Thc principal clcments of thc Study Group 's view of a databa se 
managcmcnt systr.:m are displnyed. [n particubr. lhl' múltiple schcma ·approach, retkcting the 
ncw elcmcnt introduced by thi~ work. is cmrhasizcJ. 

Thc lowcr rif.hl hand sidc (lf tht: diagram. lh~ hcxagon lnbcllcd ·'application prografnmcr~" 
the dushcd rcctang!c labcllcJ ~·application program subsystcm" í:iml the two illlcrface~ labciled 
"7" and "12" comprise the entirc activity uf pr"eparing and exccuting an app!ication program. 
This structurc m ay he viewcU as rcplicated into a variety of subsystems. al! interfacing with rhe; 
datahasc managcmcnt systcm through intcff~~c 1:!, dilfering only in the naturc·of the iariguagc 
u sed by thc programmcr tu communicatc across thc human·maChine interface 7: This lringuag~ 
may he a convenlional procedural languagc such as COBOL. ALGOL or PL/1.' spedal 
languages like rcport ¡.!encrators, inquiry l:lÍJguagcs or update specifiers, or syme potentia!IY new · 
type of procedurc or problem oricnlcd languagc. All data passcs between lhe ajlplicalion 
program subsys.tem and the databasC systcm via interface 12. 

Thc luwer left hand side of !he uiagram. !he hexagon labclled "system progranimcr". !he 
dashed n:ctanglc lahellcd ··system program_ subsys~em" and the two interfaces label/ed ''16'' 
~tnd "18" comprisc thc entirc mcans avuilable to the system programmcr whcn it is nt:cc~sary to 
bypass the ordinary mode of acccss ro the system. Routine system. maintcnancc· an'd 
modifica!ion will mainly occur through lhis subsystem. It should be noted that !he inslallalion 
option of pcrmitting application p_rogramrners to operate across these interfaces is clearly · 
availablc. recognizing the tradco!Ts in data indcpendcnce. integrity and security. 

Currcnt datahase managcmcnt s~·stcms envision a two level organization: the dnta aS secn 
hy the system and the data as se~n by thc prograrnmcr. A plethora of ~onfusing tcnninology has · 
bccn ernp!uyed to distinguish bctwcen thesc vic.!WS. The Study Group has cho;en to en;ploy ihc 
neutral tcrms "interna!" •md "externa!"· tll makc this distinction. In addition, thc Study Group 

·has tnkcn note of the reality of a third leve!. which is callcd thc "conceptual". lt rcprcsents the 
enterprist..:'s dcscription of the inlormation as modcllcd in the dat~:hasc. This description is Úw.t 
whil:h is iuformally invukt..:J wht~n rh~..·rc is a <lisputt~ hctwecn the u~er aud th.::: progranuner uver 
•;x:u.:tly wÍ1at is meant by program spccilications. The Study Group contt·nds that in thc 
databasc world this dcscription nwsr he ·madc cxplicit and. in fact, made known to thc databasc 
managcm~.:nt systcm. The proposcd mechanism for doing this is thc conceptual scllem"a: It must 
be cmphasizcd that the conccptunl .schcma is descrihed cxplicity in machine readablc form in 
sorne wcll defincd and polcnlially slandardizahlc languagc. T~c other lwo views of ·data. 
interna! and cxternal, must ncccssar"ily he cunsisteÓt with thc view expressed by thc conCeptual 

·. schema. · 

This repon cmphasizes !he ihrce lcvds corrcsponding lo the exlernal. conceptual and 
interna! vi~..:ws of thc datahasc. This is not lo imply that 'a rnrticular system shoulrl he strictly 
rcstrictcJ to thrl'C lcvels. Huwcvcr. it is· f~.:lt 1!1at thcsc thrcc le veis exist and are distinc~. 
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Four human ·roks a_re given spt:ci:ll attcntion in this n:port: thc cntcrprise administrator. the 
. tbtahasl! administi·ator. the ;¡ppli~. . .-.:1! ion administrJIOr' ;¡m[ 1 he arrl :L":\1 i\lll programmcr. Notice 
that thcsc are roles as npposcd to ilrdividt111ls. The s;unc individual may function in Jiíf¡;rcnt 
roles and onc role nwy il~volve ~~vcr;tl individual.'\ sirnultancously. lt is í.:ritical, howevcr. that 
thcrc he only nnc cntcrpri~e admini:;tratur and onc database administrator (viewed as roles) 
whÜc tllcrc may' hC scv•.:ral appiication adrninistrators and se ver al app\ication programmas. 

· Thcrc can be scverale.xh:rnal schcmas, c:Kh reprcscnting a_Jitferent vicW of the data. Providcd 
ca eh ís consistent · with thc sin~~lr. conceptual sd1c~na. U y cxtension there can be severa! 
app\il,:~¡tion pn'!!ramm~.:r.s. not ncccssarily working on thc samc program. using the samc 
externa! schcm;L 

I·::1.:it ;,df!iini-.tr ;:t•'r i~ responsihk fnr providing to thc systcm a ·particular view of the 
nc~.:essary d~·~ta. th~· n.:lt:v;.nt rei:ltion~hirs :unon_í! that data. thc. rules and contruls pcnir. ... ~nt to its 
use. ;md thc rn:1ppin;.!,s hctween this \'Í• • .'\\' ami \nher vi~ws. Tht! central vicw is that of the 
entcrrrisc :_Htministrator who pro vides thc- conceptual ::,che m a. 

't'hc r.ntcrprise :Hiministrator do:!incs the conceptual schcma and. tn thc extcnt possible and 
practictJh!c. v;tli\!:llcs it. Thc l'lltl!..:cpllral ~chcm<1 contains the dcilnitíons of cntitics and their 
PropL'rtics and rclationships. No cntitics M propcrtie~ rnay be refcren(ed in thc database unless 
thcy are delincd in this schema. !{c];~tionshir~ h·~twcen thcse entitics will he dcfined .. In 
·;tthlition. constr;~ints on thc entilics anJ rclatinnships will he defmed. By dcfining thc pcrsons 
\Vith :H:ccss lo thc databtJSC man:~~:c111cnt ~yslcrn as cntitics of i'ntercst, it, is possiblc to directl):' 

. .rnodcl thc rules of ;u.:¡_:css ami thu.'> provide thc ncl:L~ssary acccss t:ontnJI at thc level of th~ 
· conceptual schrm:1. Accc.:so; may he furtJ,cr limitcd al other le veis. 

Thc dataha~;c ;.!dministratllr (our dclinition of this role is somcwhat at variancc with 
convcntional conccptions of th!: task¡ is responsiblc for dcfining thc interna! schcma. This 

.-·schcma··rclatcs to the pcrfqrmancc stratcgies c_rnployed by thc Jatabase managcment system. 
·Whether thc data is actually ,o.;torcd Hat, hierarchically, in a network, invcrted or othcrwise, 

. ·. including any mcaningfnl cornbitÚ.tti¿n, jo.; spcciflcd in Íhe interna! schcma. Media and device 
rcl;ttcd performance strategics are not dircctly·;spccified in the interna! schem~. The '"interna! 
syntax" of thc data values \~·ill al so he found in thc interna! schema: such itcms as the radix for 
numcric vallies·. cnding Sí:hcrncs uscd. units of mc:,sure. ~te. Access paths and the connectivity 
hctwt..>cn· data rcprcscntatives·will be dctincd. ,\11 uf these must he consistcnt with and mappable 
to· thc Conceptual schema. which. thcrdore. must he availablc for displ:ly to the database 

· administratnr. The interna!' sch~ma prol'l.:ssor (see Fig. ll pro vides a mechanical chcck_ on this 
· cunsi~tcncy. \Vithin th(.! limit!'i irnt,nsed by this r~.:4uirCmcnt of consistcncy with tht: conceptual 

schcmn.· the dal:lhasc adrnini·;tr:!lur is free w ;-~ltt;r thc interna! sch_cma in :JOy way appropriate 
to optimizatiun oi !he dat:1 ha•:c- m~uwgcmcnt sy:-:11.-'m opcration. !ndccd. hy use of suit:Jble 
intcrrrcter~ il rnay he po->~ihle to rcurg:u1ize thc intcrr.:,[ vicw of thc datahasc dynamically while 
normal oper:ltiou~; contirnJc. In \'icw of lhl' rnasslvc sizc of sorne d~l!a\);Jscs. anJ in vicw of the 
nccd for sornt:·databa~:t~s lo n¡wralt.: contillll<Ht:dy, thi~ is :tn csscnti:d re4uirl'menl. 

An applic:rlinn adminístralur provides th·~· mulliplc externa! schemas which ~!cfin!.! the 
¡_¡pp\:catinn vicw~ of tlu.: d;,ta. l~:tt.:h applicatinn wi!l ~mpluy thc dcscri·pticln nf data in tcrms of a 
suit;thle data :<;tnh:turc <IS rrnvidcd h'y an externa! si.:hcma. lt i-; cnviSi(lncd that cach general 
app\i~.,.·ation arca will ha ve irs own application administrator who pro vides thc appropriate 
schrnws f0r 1!wt ~rca. Tht~~c are thc only Jata dcscriptions (schcmas) secn by an application · 
program ami prcwicJc the only a·vcnuc. of cbta n:HliC rcso!ution. A\1 externa! namc resolution, 
whcthcr.pcrforrncd at compik tinte. progr:un Í!l\'tr:.::1tion time, or module cxccuti{lfl tinlc is done 
acros:; .in[Crf::n:s 7, IZ :tnd 31 r;sing thc appropriatc externa\ schcma dctincd across· interface 5 
ami acl·csscd :1cro.ss inicrfan· .. -> .17 and J~. 

As V.•ith thc _interna! sclJ!:r~l:l, ;m t'\lcrn;,¡ s .. :hcrna must be consisten! with.and rnappahle to 
thc _conccplual schcrna. 1-hm·t~'/t!l', or1..: L'.\kl'll:li schcma m ay he mappCd to a L"ombina.ti~n of 
othcrs. In th:lt t'asc. !he t'Xtc:rn;d sclrt:rna Pflll..'t.:'isnr may o~1ly validate a new cxt~rrral schcma 

<~t:atnst somc cxisting ~:;.;tc~rn:d ~i..'ht:llla~ krwwn._to he consistcnt \\'ith the conceptual sck:ma. 
Th;,; tri:·.n~_·l..; in Fir.··- 1 :~nd ~~ rrprt·~.l·nt'. the d:11:1 rli,·ti:¡nary/directory n1cility. This f:1cility 

•• r ¡11'\lvid~.:s. ::t a minimum. ;¡ 1\';\\l'iÍIMY f,¡f ~\:\wlll:l a:h.i m:lrping dcfinitions. Somc e:xisting data 
Jicti\inmy ,Pn,dncts pruvidr.: t:t·~· c:rp:d1ility br rrL•p:1rati0n and chcckin!! of data dtscripfíons. 

'Thcsc pr1Hlr11:1s itll.:1lr_por:~tc :0:1\illt.: 11Í tlh..' furlcti~.-~n~ ~olf.thc thrcc 'o(bl.'ma proccssors show~ in fig. 
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1. In this ~cns~,"intcrfaces l. 3, 4 and 13 nny h~ intcrprctt:d as_a !'\Ct of functions performed at 
th~ dictilHlary interface. 

:\ftl·r thc apprl1pri:ttc ~t:hcmas are dctincd. thc systcm dyn:1mics become quite straightfor­
w:Hd and di.ikr littlt.: from thosc: of cturcnt system.s. The applicati ... )n programmcr (or repor~ 
sp1:cilit.:r. inquiry sperifh:r. ct<:.) dlll!S his job in th~~ u·su~J way, w:i~g thc cxtern~1l "schcm~. 
prnviJcd, Uoth_ expiícitly :1nd implicitly, as his sd of data tlcclamtiuns, providing proc~:dural 
dt.'..;~-ription at.:ross inlcrf;tcc 7 and invoking c.:nmpilation. general ion or otht:r rclcVant processcs 
:hrough thc applic;1tion program' suhsyslcm. U pon cntry to execution mude, requcsts ior data 
:ll\' p;·.~;~;t·d :u.:ross ·inkrf:H.:c 1 '2 to thc Ua1:1h:Jsc rnan:.;~emcnt system. Ahhough it m ay secm. that 
the sy:-;t~..:m run~ intcrprctiw.ly and cxp!icitly passcs through each transfurmation fun'ction to 
thl' lcft or intcrfac:c 12. thc framcwork dot~S not dcmand this. Any part of ~he proccss may be 
Cllmpilcd hcfore_ cxt.~cütion. By proccssing thc schcmas and m:1ppings. a compilcr may gencrate 
L·oJc which transform~ cxtcrnal reqi.Jcsts at interface 12 dircctly into requcsts at sOrne Jower 
k ve l. c.g. at the intt·rnal or even storage leve l. The intefnal schema coulrl be -thought of fl:S 
rcprcscnting stor:1~;c asan inllnitc.linc:u: addrcss spacc. It ·will be neccss:uy to rcmap this model 
of storagC onto hardware c:onstructs s~11.::h as track~;. cylinders and the likc. A requcst is thcn 
passcd acros~ intcrf:1cc 21 anU m~y ~·.o through other "transfonnations u6til actual data is 
ohtaincd and thc proccss revascd. This brid dcscription has tcen outlined in ·tcrms of 
ob!aining data but. or cour~c. sturage of data proceeds in a similar fashion. 

This rcrort discus.~es in dctail the tramcwork summarized ·abovc. Chaptcr 1 introduces thC 
basic or~:mizatinn ami tk~ associatctl conccpts .. Chaptcr ll discusses severa! aspects óf the 
Jynamics involvl'd in usiug this franwwnrk. Chapter 111 discusses the interfaces in grcatcr 
dctail. Chaplcr IV uullincs thc admiuislraliun roles. Finally, Chapler V offers sorne concluding 
rcmarks. · 

., . 
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X.1/SI'AHC STUDY GIWUP (lN DATAI\ASE SYSTEMS lÍO PWJECT ccf•) 

Scof>c · 
Rcvicw ex.1stmg :mtt proposed Datahase Systems, 

published reports on IJatabasc Systems rcquircments and 
(\thcr matt~rial on Databa'\e Systems. Dcvelop proposals 
(SPARC/90) on t!lOse ;,rl!as which appear suitahle. ór 
un."itlit:1hle, .11 prcscnt for dcvelopm.:nt of cithcr Amcri­
c;m National St;ulCbrds nr (iuidelincs rclatióg to 
IJ•Haba~e Systems. 

Pmgram o/ wnrk 
l. Ddinc nvcrall stmrttJJ'c of an inform:\tion system in 

order to idtniify tlm.-.c portions which nrc within the 
o,ropl~ ni 11.11ahtl::e Syslt·ms. 

2. l<cvi~w thc activitil·.s and d~\:isions to date by X3 
;tnd SPARC tln the ~uh.kct of D:1t:1basc Systerns. 

J. Eqahlish and mainrain liaison with-:tnd solicit in­
put from-appropriate othcr groups. 

3.1 ·Siudy thc cx.prcssed rcr¡niremcnts for 
·l}.J.tabase Sy!-.tcms. 

·~~.2 Study repr~scntative systcms and approarhes. 
4. Detine thc structure and componen\ parts of 

Dat:Jbase Systems. 
5. ·lterate on abovc ~s rcquíred to dct.e'rmine one of the 

fol\owing cvcntu:tl outcomes. 
'5.1 ldcntüy a componen! or database systcms 

whkh i~ approrriatc f or standardization or 
guiddinc .activity. Produce a SPARC/YO 
rcport justifying. this Jispo!>itiun. 

5.2 ldcntify a componen! uf tbtabase systems 
whi~.:h is as prcscnt inappropri:tlc for standar­
dilatinn M ~~uiddine :1ctivity. Produce a 
SPARCft>o repm! justifying this di~.position. 

5.3 hknrify a l'"tllpon!!nl fnr which thcrc is .sorne 
othcr rationalc for inac\Í('" such ;1s thc 
rcq11irement or rrnhkm dclinition is 
in:·wflicicnt to rnakc :.1 dctcrminatiun rcgardin:: 
~tandardi1.ation or guiddim·s. R~commcnd 

furth~~r study, if :tpprorri::t:::. 
The cvcntu:tl rcsutt nf thc dc!ibcrations of this Study 

Group wi\1 ht: a scrir" of rcptliiS in a spccificd formal 
tSPAR.C J!J7-l¡, id~.:nti'fyin~{ potcntiatly standardizah!e 
clcm'cnts of databa~•! mtlnaJ!:CffiCOt Syst~:ms and recom­
mcnding whcthcr or not there is a nced, technological 
fcasibilily and economic justifkation fo"r thc initiation of 
a ~tandards dt~vcloruwnt pmjcct in the ;n.::<i. · 

11 i.~ appropri:llc lo pn,vid>: a ti.-;t nf !he pa.'.l anll 
prescnt mt•mhcrs llf th~ Stutlv Group ami their <~.11ilia­

!itl~S tn indicatc !he b1•:ad!h uf reprc!'>entation. lt is worth 
notin¡.: thc cxt.:nt to which thc uscr community is p:nti­
.:ip;lti'ng in this c.lft)rf, a rarc cvcnt in data proccs~in¡.: 
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Thc initial tasks of the Sttidy Group were the dinicult 
on1:s nf understandin~. and cuming tó respect the varying 

. poinls of vit~w and dcveloping a vocabulary that was 
consisten! and rnutuatly comprch¡,;nsihle. lt is·not clear 
whcthcr this la<;t ·las k has yct bécn fully 3ccomplished, 
although considerable closurc has been attained. 

Anothcr carly task for the Study Group was to deter­
mine cxactly what ~hould constitute database manage­
lf!Cilt from our r.erspct.:tivc. For this purpose, information 
systc:ms werc Considered to consist of five b,asic 
componcnts: 

l. Mcssagcs 
2. Reconls . 
3. l'roccdurcS 

.4. Rc!'ources 
5. Proccsscs 
Given lhese components, the question was clearly 

which of them are involved in a d<~:tabase management 
sy~tt.:m. Thc Study Gro11p decided that alJ real .in­
pul/otllfHII. rarJ in :md out. printer output, terminal inpUL 
ami Otllpnt. nnd d;;ta being: transferrcd betwcCn proccs· 
ses would be consit.lercd mcssages and be guthered under 
a dis~·ipline "mc:is;'lf.~C mnnagcn;cil('. Fu'rthermflre. it wai 
not part of database mana¡;cmcnt. The Study Grour 
dcclJcd .tb:~t ::~11 t~c activitics which go into the pie­
par;,tion, cumpiling, test!ng. cataloging of a program. 
such that it W()Uid he availahle lo be exccuted; would be 
gathcred undcr a Jisciplinc callcd "procedure mar.age· 
mcnt", and it W<ts not oart of database management. Thc 
Study GrouP decidc:d thai all the memory allocation 
prohlems.. swapping, dispatching··and tape and disk drive 
:1ssignrncnts h<~d lo do with the physical resources ·of thC 
computer and wouiJ be f!:llhen~d under a discipline 
ral!cd "rc~ources manal!emcnt'', and it was not parl of 
database management. The Suidy Group decided all of 
the .a!>pCcls of local variables, working storagc, instrqc· 
tilHI cmmtt•rs, had·to do with the statc of a process and 
stwuiU be g:tlhercd under a Ji-.ciplinc called '·process 
m:1nagemcnt'' and il was no! part of database manage~ 
ment. 

'->.J ll:·~ Sn1Jy Uroup 1\l(lk r~t:urds, fie\ds. file!', etc., and 
the dcscriptinns for all uf lhc~l". and ;'111 th!! indic!..!S, . 
mapping tcchni4ucs, acccs~ méthods, file prganizations 
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~nd end user J~nguages, ~md gathercd them undcr a 
· di:.;-:iPliuc ca!lcd "databas\! m:!n~gernc~t". They consti­

tutcd the d:ttabasc syo;;tcrns wh.:h wnulrl ht• studictl. Thc 
rcsulting framework rcf\ects thi.., dccisiun in that its 
components do nCII require a lixcr..l Ííltcrprctalion as 
resources, messages. and/or p'rocesscs. 

.The Study Group produced an intt:J'im rcport in llJ75. 
Tbe intcrim report was mainly :t workin~: dllCurnent too~ 
used by the members of thc ~roup. As ~ll~.:h. it (<Hllain:!d 
rpuCh redundancy and some inconsistcih:ic~. In additiun, 
the structurc and writiug styk was informal. Although 
intended as an interna! workin~ Jncuu1cnt, thc imerim 
report was widdy cin.:ulatcd both informally and as an 

. ACM S!GMOD publication !FilT bullctin Vol. 7, No. 2, 
.1975). The intcrin~ rcport recrivcd rnu¡;h !.l!lention and 
generated somc confusion. h was obvinus that peoplc 
wcrc rcading the "intcrim" repon anJ juJ¡;ini il as a 
"fin~!" n·port. To assist in e!imlnatint: cunfu,o;;ion and lo 
hring out thc rnain' j)oints ol thc inicrím re port. ti u: Study 
(iroup deCidcd to edit thc interim repnrt into a sh~~rter 
and more cohesive vrrsion, lt wa'i fclt 1hat an outsi~e 
g.roup coulil do a fastcr and more imh:pcndent job than 
the membcrs of the Study Group, nnd lllt!mbers of the 
D'ata Base ,Group at the Univcrsi1y 11f Toronto were 
.~Sked to do the editing. This report is the rc!>ult of thcir 
editing. lt supercedtis the interini report anO represents 
the current thinking of the Study Uroup as it cvolvcd 
sÍnce the publication of rhe intcrim rcpnrt. ll is hopéd 

· thai the rcader will llnd lhat this rcport is easier to rcad 
·:and that it rctains the main ideas of the interim rcport, 

fHAPTf.R 1-C(lNCt:VTS 

· .. bbjectit."rs o/ datahau mana~cmefll systnta 
I>J.ta is rccognizcd as an importan! rcsourcc in any 

·orBanizatiun. The main objcctivc of a databa-;c 
management systcm is ·to trt:at data :.ts a mnn:t¡•.cable 
corporate reSource. A databasc mana,:cmcnt systcm 
hclps to incrc~~e data utiliz;ttion ;mJ to intcnratc 
smoothly thc data acccss anJ pl'llccssin)! fun~.:tion with 
thc rest of the orJ!~nizatiun. A dataha~c mana~cmcnt · 
systcm should ease data access by many classcs ol users. 
lt should enhance Jí.lta scnnity. lt shou!J provide d::~ta 

inte.grity. Thc data intcgr<ttion providcd by a d:.ttabase 
managemcnt SX!:olt:m assl•rcs r.rcatcr d:tla t·on-;i.s\~·llcy ami 
control of re:Juudancy._ Fina!!y, a dat:Jb:1se m:u\:·;.:·:ment 
systcrn should pruviJ·~ th: :~¡,;¡¡¡., 111 •:\·tihe by 
emphasizing data indcn::núncc. I)Jta iudcpcnd~ncc ai­
lows ti:•: U\crs to <~Jd nr·;,• i!¡;¡;.1 ;~·:ti•tl!i.•;, tu hl!t•.l~·: ch:•n~es 

in the rnt::r¡.¡Üe. to ~.:urr:.:ct n::·:i!:ll error:-> amito IUJJc for 
hcttcr pt..:rformancl! antl rc~¡i:•use. · 

The fr:-tmework proposcd in this rcport addresses thc 
issu¡;s :tris;ng frllffi the databas..: managcrn¡;nt systcm 
objectivcs. Many of the issucs are rclatcJ tu thc concept 
of data indcpendcnce. This goal will. thcrcfore. be 
further clahorated. 

Data iruii'/IC:tldence 

Dat:1 indcpendence ínsula tes a user from thc tulVer.sc. 
clfects of the cvolution of thl: dalaba.'oc environrncnt. 
Sume of thc faCtors that tcnJ to int<..'rfcrc indmle a 
chan¡:c tu thc represcnlí.ltion, formauing. 01ganization, 

data model or location. of thc Storcd data. othcr user::, 
eXprcssin¡: rc.quircments u ron thc same stOred data~ ~1at · 

· may be 11n~ congmrnt. nthcr Users s!wrinr. th!.! samc 
~t01cJ dn!;l cnnr.:urn:ntly or other u~crs acciJcr.taliy or 
,intcntion:tl!y damaging thc database. · ,· 

D:1ta ind.cpcndence llocs not include thc capability of a 
database man:~r=cmc:nt system to automatically cope with 
changes in tbc program'.s al!:Orithm, changes toche pro­
g:ram 's view. of thc stored data. or (accidental or in­
tentional) unavailability of storcd data. Prog:rams are 
:<.llhjcct to impact. of cha~ge~ interna! to their logic or 
interna! lO thcir view of storcd data. 

Data indcpendcnce is not a properly oí a database 
managcmcnt system that mcrely providcs a!tcrnative 
vicws of ihc same stored data. Data independcnce i~ thc 
Property of a datab:.~sc managcment system that provilies 
thcsc views and preserves them during the cvtJiution óf 
the data envirunment. 

The necessity for data indCpcndence cannot. be 
avoidcd by auempti11g to cstablish and maintain campa· 
tihility, ·thal is, to ensure that all Chang:cs and use~ are 
"compatible with each othcr". Data indepenlience is not 
a discipline; it is a flcxibility. 

Tite n~ccssity for data indepcndence c::s.nn0t be 
avoidcJ by choosing the right way to organiz..: the ~tored 
data such that it never has to change. Change is inevit­
able. Data independencc is not the capability to avoid 
change: it is the c~pability. to reduce Íhe tfau~a of 
char,ge. . · 

A database managemcnt system that provides data 
independcnce ensures that applications can c.ontinuc to 
run. pr.rhaps at reduced performance, if the stofcd_d;ta. 
is reori;anized to accord other a.pplications hi~·.hc~ P~::r­
fqrmance. Such a datahasc m;\nagement systcm does not 
prl!vcnt une froni rewriting and retuning !he old ap· 
plication to impmvc its performance at such a time ·as is 
econornica!ly justificd. , .,•, 

lt is itnp:."rative to conceive of dalabase managcment 
systems which will provid.e the maxirnum d..:gree.of Jata 
independcncc. Whilc the interim repori of thc. Study 
Group cuvcrcd. a m.illlber of subjects bcsides Jara i_n­
d~p{'.nden.::c. tht! group L'cis its major ~:unuii.11Hion ,is in 
the iicld of data intlcpenJt:nce, aild lile rest of the rep(Jrt 
wi!! concl:ntratc on it. 

Cvt:upts tdating to databases· 
:\ Jdaha.H· contains data about a se!ccted pan of tl1c 

:-c:1i worJ,;. This pan Di the real world is ca!ieú an 
tnlefJJrise. it generally rcprcsents information about :1 

¡;roup of pcople, artii~ct;, ideas, evcnts and processes 
orr.anizcd to support colkctive goals. Thcse real world 
cuuccpts may be e>.prcsst:d in terms (IÍ any one of a 
numbcr uf formal scltcrncs. Thc schcmes generallY in­
V(l!vc precise dcfinitions of such notions 35 cntity, pro· 
perty ::tnd relationship. For the purposcs of this report, 
h~1wcvcr, the informal English usage o[ these terms is 
sufl1cicnt. 

Oataba~es and data processing corrcspond to thc 
rcprcscntation and manipulation of symbols about the 
real world. There are severa! realms of interest within 
daíat"lases: Thrce of these realms havc special 
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· _ sil!nificance in this rcport. Thcse realms are: e.ttemal, 

includinr. a.simplificd modcl of the real world as secn by 
one or more applications; conceptual. includinr. the 
limited moJel of the real wNid maintaincd for all ap· 
plications o( the enterprise: and interna/. including a 
model of the· data maint:tincd for the representatioil of 
lhi; limitcd model of thc real w~rld. 

Within the realm of. the enterprise there cxists a 
number of appliculions of ;¡pplication systcms. An ap· 
plication is n part of the cnterprise or}!:mized tt;~ accom· 
plbh a spccific subgoal in pursuit of thc entcrprb; goal. 
For cxamrle, a business cntcrprise m ay ha ve amon~ its 
applications payroll, murkctin{! und rcse:m:h and 

·~ t.lcvelopmcnt. 
The cx.tcrnal realm cont;áns any numh~r of t.'.ttfmal 

t•Ü'WS of thc datah:lsc;-c:tch of which is :1 C<JJ1.•:cti¡1n of 
ubjccts represc:nting the cntitics. prl\pcrties :tnd rela­
tionships of intercst to a spccific app!icatiun. Each ex­
terna! vicW of the database is associatcd with an externa( 
s_éh~ma. ~lcscribing thc ohjccts in that externa! view of 
'thc d3iJhas!.!. The ohject which models an entitv may. for 
·cx~mplc; ·be a logical record in COBOL. a~. owncr or 
merriber of a data-structure-set, a tuplc in a relation. a 
linc in a form or whatever is most appropri<Jtc for a 
specific ·use. In addition. different views of (part of) the 
.enterprise may be providcd by the varicHJS ex.tcrnal views 
of the database. For example, a class-roll application 
may vicw severa! students enrolled in each class, while a 
studen't-schedule application may view cach s.tude.nt as 
~éflrolled' in' severa! classes. 

An o_bject that is local to an. externa! vie'w o( the 
databasr: need not be represented by intern:.1l data or 
Cori-espond tO an object described in the conceptual 
sche.ma. Such local objcctS may, for example, represcnt 
tcmporary stora~e n~eded in the coursc of a computa· 
tion. or thcy may contain raw input which the application 
wiU oPerate upon before thc actual databasc upclate~. 

In the conceptual rcalm there is the mnccpt!wl uir.w of 
thc datahase. This is a collection of ohjccts repre.,enting 
the entitics, propcrties and relationships of intcrest in the 
cntcrprise. The objccts are describcd in a dc~cription 
languagc. Thc dcscription of the objects accordin~ to this 
formalism is called thc conceptual .tcfrrma. Thc objccts 
in the conceptua1 view of the datanasc dircctiY model 
entitics. Sorne examplcs of thinp;s which mip;ht serve as 
conceptual objccts are records. irreducible rcJ;¡tions, 
node_s in a graph structure, etc. This report does not 
propase a particular formalism as exccptionally ap· · 
propriate to. cxprcss thc conceptual view of the databa se. 

The purposes of !he conceptual rcalm are' the follow­
ing. ft should providc a dcscription of the information of 
interest w thc cntcrprisc. lt should provide a stable 
platform to which interna) and cx.ternal s.;:hemas may be 
hound. lt s_ho.uld pcrmit addilional extcrn:U schcmas to 
he dcflncd or existing oncs to be moditit::d or auhmcnted. 
without impact on the interna! leve!. lt· should alluw 
modilications to thc internal schema to he invisible at thc 
externa! lt:vd. lt shou/d provide a mechanism of control 
ov~.:r 1i11: contcnt aud u::;e of thc databasc. 

.. , The interna! rcalm contains thc interna/ tiÜ'w of the 
databa~e. This database is a wlleCtion of n,hjecls which 

- ---~----" ·---·---- ----

are rclatcd to the objects in the conceptüa1 view of the 
databasc. 11 is describt:d by an intemal schcma. The 
interna! re:llm is oriented towards the most efficient 1_.1se 
of the computing facílity. consisten! with the proces~ing _ 
rcquiremeuts of the entcrprise. 

The interna! data modcl should be architecturally 
sufficient for reflecting currcnt storage technologies. and 
for serving as a valid abstraction between those tech­
nohJgies and the cOnccptu::ll rcalm. Different interna! data 
modds are of course possihlc. reflecting similar or 
dit'fcrcnt technolo.r;ical, cconomic, configuration; im· 
p!t·mcntation or packag:ing considcration~. 

lt io.; rcasonablc lo :~~sume that cntitíes and conceptual 
ohjr.~o:ts rl.!prcscnting f.:~c!~ about enritics m ay ha ve· a 
lonroer lift~ than thc tcchna/o¡~ics unon \vhich hardware 
rtHd_ !lr'ltware impiemcnt<ltim~s an.·. hascd. Thcrdore, the 
intcrn:d model should b~_ab!c to change_to refkct chang­
in}~ lcchno!ogics. In ttiis way the system may remain 
most cconomical. However, the conceptual s~hema is 
not committcd to su~h technologies. 

Co"rspondenre of the levrls 
The correspondcnces between the objects in th"e Cx: 

terna!, conceptual and internaJ realms ~re · esrablished 
through mappings and transforms. Mappings bind 
descriptors in one schcma to those in another. The 
bindinc rnaY be between an externa! schema and· more 
encompassing externa! schemas, an externa! schema arid 
the . Conceptual schema, the conceptual and interna! 
schemas or between an external schema ~nd the interna! 
scht!ma. Transforms. which are processing functions (see 
Figs. 1 and 2), use lhe information provided by the m2p-. 
pings to translate external-oriented rcquests to internal­
oricnted requests either directly or indirectfy· via the 
conceptual schema. · 

The pbcement of the conceptual schema between an 
externa! M:hcma and the interna! schema is necessary t9 
providc the leve! of indirection. essenlial to ·data in­
dcpenckncc. Omittin~ the conccpllla) schema and bind­
ing: the namcs and characteri_stics of ohjects described in 
an externa! schema (objectS knnwn to an arplication) 
dircctly to the mimes and propertit:~• of objccts described 
in the iritcrnal schcma has a detrimcntJ.I ·effect on data 
inth~pendcnce. Withotn the assis~ance of ·the indirection 
r,rovidcd by the conceptual schema it becomes awkwaid 
In writc appliciitions · that can survivc inevitable varia­
tions in thc characteristics ·of the stored data. 

The objects in an externa! view of the database (e.g. 
externa! records, Cxtei-nal fields) nre materialized on 
d(!mand and thcy cease lo exist when thcy are no longe'r 
of ·intCrcsl'hl thc application. For clarity of pre~ent~tion, 
this rcport addrCsscs an externa! view of the database as 
thou!lh a pnpulation o( externa! objects does exist. 

MMerializing intuitively implies Íhe abstraction ·of an · 
cx.tcrmll ohjcct from stored t'hjccrs. In this report, 
howcvcr, mlllt~rirJfi::inK is alsu intended to imply' the 
rcvcrsc pr'ocess. This rcpNl mainly covers materializin¡; 
hctwcen thc inrcrur~l and exrcrnal views of 1l1c databasc. 

The uhjccts in the l'Onccptual vicw of the datahasc 
· nccd not bt' matciialized. Howcvcr. thc understanding Of 
thc role playcd hy !be conceptu_al schema is enhanccd if 
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onc as~umcs lhat ot-.kcts ~t'cn by :ul application are 
mapp,d to ohjccts in tire· l:lllH:cptu::ll vit'w uf thc dat~base 

· ~r-nd that ohj¡;cts in tht~ conceptUal vil'\'/ of the darahasc · 
·are mappcd to ohjccts in the interna! vicw uf thc 
d.ítabasc. 

The ohjccts in thc intcrn~l vi(.'W of thc- datahase cx.ist 
as abstractions from physic<~l stora1:c a·; mamw:d hy !he 
stor:t¡.te suhsystem. lkpcnding upon how the storagt~ 

~llbsystcm iS ln:.tl\:t;.:l'li and What kj;,ds OÍ intcrL:ICCS it 
cxposcs, th~: intC111:d vicw of thc databas!!. and hcn~c thc 
conceptu:.tl and cxtt.'rn:d vicws of !h.;; d;tl;lhasc, umy or · 
may not reprcscnt a spcci!ic popuhttion of d;t1;1. Thc 
storagc subsyslcm mig:ht pcrmit thc intcnwl vicw of thc 

·d;,rtabaSe to hC lwuml (() dilicrcnt populations of storcd 
dntJ, in .which ctt\C thc sdu.•mas of thc Jilft.:rcitt lcvcls 
serve liS ternplalcs ami pro~:c:-.:-.ing r,1n1ruls. (f tilis option 
i.-. not pn,viJcd, tlr~n the intcrn:tl .... Jcw nf thc databasc 
repr(.scnts a real pop11lation of Jata. This aspcct uf ti_H.: 

. ·.storagc suhsystcnl aiiccts thc si.•.~ni!kann:: of a ntunhcr of 
. datalmse núma~cmcnt systcm functious \th.::ll us l•inJin¿!. 
s~~curity. inte~rity and ;u.irninisu;dirnr roles, hut. tbe 
ddailcd rclati,.lnships :are beyond thc s~:ope· of this 
r.crort. 

The concetllnal !:rhcma may contain dcscriptors of 
objects that m ay nüt ·be rcprcsenlrd by intcrn:.tl d:.tla. 
Tliis may be truc for instancc, during thc dt·velopmcnt or 
augmt.:nt:Hion oi thc conceptual schcm;l hcforc dclining 

· and coilccting interna! data. 
Depcmling upun Lhe ficxihility of thc databasc 

· managemcnt system, externa! objccts necd not cor­
rcspond onc-lo-unc tn interna! o~j(·cts. 1-'or cxanlplc. thc 

.da:a in an ntcrnal rt.:cord m:ty ht: matcrialiwd from 
concatcnations of punions of dilktl~nl interna! rccords. 

CIIAl'Tf-:tt 11--."iY~'ITI:.',I ll\'/'1,\~IICS 

Thc prccNJiu~~ dn~ter h:!.'> rrot·id:.:U a ¡_:t:ncral d:.:scrip­
tillll uf li:c fT<if'llCWlll'k. Thi'i SCCII\11\ v<•VÍliCS 1:\ll!C dt•!;.¡i! 
by stcpping th:ou¡:h ~cvcr:d kvds and Ucsc1Íhinf! the 
interactious amun¡: c~11ilpOil•:llt:-. :11 c;H.:h kvcL 11 prn .. ·idcs 
3 basis ior th~.: tit• . .,niptÍ,l!l"> ld the intafacco.; \\'l:it·h 
folluw in Ch:.:.ph:r 111. AilhtHJÚh tbc loilowing para~raplts 
prescn! thc plTparati<m of srbcma<> :u:J m<:ppin!•.s as 
orcurrin:: in a íi.\ed ami Jisjuint s~·ip.!~t:.::c, in pr<J.t.:lií.:e 
thc!:C ac;ivi1i~:-" m:.y occm it~.:i;tlÍ\'elv, in páralld. orina 
dillcrcnl orJa. 

DLJta dirlirmary/diri!Clory 
Thróu;dt•llH this !\Ct.:tion refl·rcncc is madc lo tiH: daia 

'dictionaryfdircctory facility rcpn:sentcd by thc ::"i:tnr,lc in 
Figs. 1 and 2. Thc elata Jictionary/Jircctury i:-: J uH:t:.t­
databas~: thc rcpository of iuformatíon ~lh~n•t the 
d:.tl3base. Ata mínimum, it coútains schema and· mapping 

· delinitions. h may also indutlc usage ~taiistit:s of varimts 
databasc objL·cts and ohjcct t}·p.es; ~ccess and ~;ci:nrity 
dcclaralions: control structures for restar!, rcrovcry, al.'-· 
countin~ and auditing; .. de.scriptions of uscrs;_ nnd textual 
statemcnts rclativc to thc pr~:ccdin~ item!i. 

!ntcrfaccs 2. \ 14 ami ~~-:;~ may be intcrprctcd as a 
sct of storage tu;,¡ rcrrieval funl'lions acro\" a single 
intcrf:.tcc. Snrnt: cxisting dala dictiunary producls pruvidc 
~he· L':tpal>ility for prcparati.ou and chcding of data 

dcscripti9ns. Tht'se products incorporate ~ome of the 
functions uf lhL' thrcc schema· process~rs sho~·n in Figs. 
1 and 2. In thiS scnse. interfaces l. 3. 4 anJ D. may be 
interp1 et~d · as a set of f ur:ctioilS pcrí orr.;cd at the 
didionary· intcrf:u.:e. Such data dictionary function"i 
mighl also be includCd in a more comprehensive f:-tcility 
for tr;u.:king systcm objccts and their intcrdependencics. 

Preparation of thc conceptual schema 
Prior to undertaking thc devdupmenl and crcation of a 

data~Jase, it is ncccssary to ha ve· an U>~dersranding of thf 
environment which that <l<1tabase is to serve. 
Conscquently. a very important strp is the characteriza­
tion · or synthcsis o{ the . infúrmatiori. needs within an . 
entNprisc. This includcs .dctermining what iRforffiation 
fiows through thc en:crpri.;;e and hów it is to be used. 
This systems synthesis funé:tion, i~ the context of ·the 
many appliCations utiliz.i!lg the database, is one function 
of the fflterpri~¡· adminütrator. The enterprise ad­
rninistratur serves as thc focal point fÜr identiflCaiion of 
information use in an cnterprise. This functio.n h~s the 
respons-ibilily for· identifyinp, what information ·¡s to be 
_managcd,. and what security, intq,rrity and availability 
considerations are to be aPplied to t1Jis information aOct, 
in addition, dcscribing thc rclationships affiong ·in­
formatio'n objccts. By performing these 'rtmctions the 
Cntcrprisc administrator is, in e!fcct, dcscribing sorne of . 
elemcnts which would . be stored in· a data 
dicti~lnary/directory. Hence, the data dictionMY/direc­
tory can be v1ewed as a rcpository for a "f¡rst leve!" 
description of the conceptual schema. . 

ün'cC the enterprise admiTti~trator understandS thc in­
formution necds of the organization and has d~c·u~ented 
the uses, fiow and accessibility of the infor~ation,. ·a 
conceptual schcma is prepared (in a ''JeSCrípÚve'' 
langua~c)- to serve as the inform3.tión model oi the 
e.ntcrpris.: and as a control point for further database 
dcve!opment. · •' · 

The ¡;u1Ktptual schem~ is passed_ lo the cOnceptual 
schcm~ proccssor fOr encoding · into a computerized 
form. Tl1c conceptual schcma processor performs 
syntactk-ai .:r.nd consistCncy cht~cks of the conceptual 
schrma. lt may storc the conce¡l\ual schcma dcscriptiOn 
in the dpt:.t dic.:tionary/Jirectory.-

Preraration nf interna{ sciJcma 

Th:: dawha.se cJdministrator has thc rcsponsibility for 
sp~cif yinp. an int::rnul Jcscription (i.c. thc interna! 
schclll:~) úf thc infofmati~n reprl!~t:nt~:d by tile wncep­
tual ~.:::em:l. 1\l p.::rform this task c:i't.:Ctivciy, thc 
i.lataha')C administrator must determine usagc require­
mcnts fl>r. and sour'ce of data for ülc appli:ations 
~.:or::¡.;·;tiJ!,;¡ for tlds 1esourcc. Thc int~rnal sch.:ma. must 
reJkct certain f~cts about thc-environriJent in wbich the 
databasc. is to operatc. Amon~ tht~se are qucstions of 
total systcm performance. timclines of .resron':!e and 
expcctcd system load-all in a v:uying environmcnt of 
concurrent access. Jn uUdition, if programs nre Lo be 
writtcti al thc interna) leve!, sccurity anr.J iutcgrity rules 
ctmsi~tcút with the spcciiications in · thc conc~ptu3.1 
sch~m~r mnst be !.pccilicd in the interna! schcma. 

------------------- --~..::..'-----------~ -------
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Furthermorc, the interna! schema addresSes impkmen~ 
tation is~;ucs rcgardiOg acccSs methods and techniques 

· for reprcscnting relationships. Rcsolntion of thesc issucs 
provides thc d~tabase <ldministrator with the in¡;rcdients 
for· specifying the interna! schcma. The interna! schema 
próccssor convcrts the Schema into a form which can be 
;Jséd hy thc database m<lnar-c.mcnt sYstcm. The internal 

_.stherha mny be stored in thc da-ta dictionary/directory by 
the interna! s...:herna processor. 

Prl'ptUatüm nf t'Xtenr;Jl sc:hfm,·¡s 

The various application programs utilizin~ an 
'órg:'lnÍJ.;¡tion's dat:'.base are under the control uí ap­
p/lí'(lfion odmlnisiratórs. Tu-,• :t;~~r wilh th(.' enterprise 
admini:-;rr::lor •. the arrlic:lti'.ln adrnini:-.trators d~tcnnin~ 
th~ tlbjcds of intnl.!st fo;· c;•cn s¡w~.:iti-:.: rb~s of np-,. 
plic:,lions. :~nd they introduce v:uioll" d:~!::t ~trw.:tures or 
data modr:l~ thrm:¡~.!i 1.vhkh t!u::-;c ühi:'cts :.1~c pr~~s('ntcd. 

Each Útt·rnal sdtr.rna r.1:1y k w:·.c.d hy onc or more 
. <lpplicrtt.iun prng-rains. In ,;l.!signin¡:: thr: externa! schema 
fui-·,; '-"!,cdlic application. an applic:,tinn adminir.;rrator 
consÚh~ ~lth the (lthcr ll(!n,ini,imtor.'\ to ctctermin~ what 
data is Tcquired and whether it ¡.., ¡tvaibble. lt is the 
re~ponsibility of thc appliL·ation administrntor to inter­
·face with the application (llr systems) programmers to 
'assist thern in pro!parinr, programs using a particular 

., .Cxtt.:rnal sclrcma. When prc¡,aring an externa! scbcma. an 
ilpplii::ation· administrator may either use a specific pro­

. grammi.u~ langUaJ!e or' a dcscriptive latij!uage which is 
proriiamrring ·langu:,ge indcpcndcnt. To cn:thle ap­
plic::ttion .nfogrammers to define thc <bta description 

· 'portion' oftheir prograrns. thc externa\ sch~m:t is tram.­
. ·.n;il~ed' t~ thcm, pcrhaps indirectly throu.'!h an externa! 
~chc~a fÜrmattcr for convcnience to· the recipicnt. The 
externa! schcma processor may store the externa! 

'·~cherna in the data dictionary/directory, making it avail-
ahle for application rn>grams. . 

., ft i's in.tportant to iteratc th:tl diHaent applicatiuns may 
havc di!icrent exfr!rnal vil·ws of the s:nnc databasé. E:tch 
of thc!',C vicws m ay rcsulr in thc crcalitlll Üf an 'extnnal 
sclu~tna relevan! to t~:H npplication. 

PrePamtion of uwrp!n;.,·s 
To est;thlish :1 wrrcsponJencc hctween the conceptual 

scherna :md tht.: interna! !'.Cherna. th:! dat;,IJ:I"e <ld­
ministrator .spccilks a mapping. ~::milar\y. thc ;1.p· 

plication adminisir:~ltlr estahlishes correspondcnces be· 
tween externa! schcma.s ¡¡nrl thc conceptual sc.hema. In 
addition. if an externa! schema is dcrived from othcr 
·e,.tcrn;\1 SL'henws, thc applic:ltiun admini~tr:\tor will 
pnWi(l:; lhC r\cci.!S•·.ary mappin;~s hct•::ccn th•!~.C CXtcrnaJ 
schcmas. M.apping,s hctwccn · thc interna! schcma ami 
cxtcrn:_1l schcmas arC :1bo a!iowed, hut only if they dm 
als1) he defincd as thc product of ma'ppíngs p<1ssinp, 
throu!!h thc- \.'IHKt'ptual sdte1na. 

Thc rnappin·~ sre.dtlcs thc cor'r~sponJcncc betwccn 
ohj~·ct:- at dilf,:rcnt lcvels of schcm;1. Ti1é typt~s· o( cor­
n~:;pondcnccs indwk n:1rnc as!;ocbtion, rules for 1dnr· 
m:tl l i.~~-·: iu f' •rr H :\1 ;, in in e lu;:¡ :1;~ d :11 ~~--~y~~ cul~VCl ·; ;~ 1:1. 

silhs~.:tlillg, rc1Hderin 1 ~, co1nposit¡un, irunc:1tion, Cllcr}ip­
tion, étc., and rulc.s for matcriali:ún¡.: lL:.·rivcJ.·dat::l. Thc 
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means for identifyiiH! :md selecting. individual occur­
rcnc~s of objects m:~y h:.o' srecified. A.dditionally, map· 
pint;s provide the C0ITl'~jwndence hetween securitY and 
integrity ruks in thc r~~Jwctive levels of Schcina. M<Ip­
pings may be prep<!rcd scparately from schemas. perhaps 
using a level~specitic. Jcscriptive mappiog language, and 
processcd hy mappin~ rrocessors independently froffi 
schemas. Alternatively. mappings could be prepared 
tor,ethcr with the· schemas using a common definition · 
lang;wr;c with consi,.tency checking. The processed 
rn:1ppin,g ·cnn be ston:·d in the data dictionary/directory. 

M:1rpin):!·S are a vehidc for achieving data indepen­
dcncc by a\lowin!! ch:wr,es at a ¡;iven ·leve! of the 

·fr<HllC\VOrk f(l t>e aknrbcd withont affecting other levels. 
For ex:~!nple, if tl;c (bt:thasc · administrator re tunes the 
tlatah:\sc-h•.' chann.inr· thc interna! ~cherna. the mapping 
hrt'.Vct:n th•! conceptual ami interna! schemas is changed 
but thc concep!ll<~l schcm"- · remains the same. lf an 
app!io;atlon vio;:w kXtL·rn<~l sehl!ma) ch;,nges, the concep­
tual sdtcm:.~ remains the same; it is sufiicient to change 
only the mapping to thc Conceptual schema. 

!lppfication program preparation and executiqn 
At these stages " number of actions take place. The 

applicatinn programmer codes the program. The source 
application progr<~m is processed by one or more pfO~ 
gram development fnnctions (e.g. a compiler): The ap· 
plication program is. bound to the internal schema via 
mappings through the conceptual schema . 

Thc cxternal schema can be bound-to the application. 
prO)..'Tam 'at differcnt times.

1 
Dynamic externa! schemas 

co11ld be allowed by dclaying this binding until eXecution 
time. The externa! schema is made known in a suit;:t~le 
fNm to the application programmcr and(or the program 
dcvelopmcnt fmH.:tion by the.external schema formatter 
(part.of the externa! schema processor): 

Thc ·intcraction of an application program with the 
(bl:.thasc is clh·ch:(l via a Scquence of bindings of the 
(;'Xtcrrwl sdt«.:-ma throUJ::h th!! conc;!ptual scherna to the 
interna! schcm:1 (and from there into the storage subsys~ 
tcrn). Thc !atcr thcse bindinr,s ¡nc made, the more inter­

. rrclivc thc systcm lt~nds to be. Th(>re is a range oí times 
at whi12h the:oc hindings can take place and also a V:tria­
tion in the amllunt of proccssing done with the mappings 
which are madc known. lf carlv binding is used, a 
module may be produced Which. ·;t .::xccution time, 
dircctly r,en~rates requests tO th:.- interna! view of thc 
Jataba:-.c. Chat~gcs toan cxtern;tl scheina will neCessitate 
rcprocessing of an early bound :'tppliCation program. 

In the C<ise of late hinding. the mappings are r.úde 
known at pror;ram initiatiün (J()lJ) time. The mappings 
may be used for.linkin1~ to appropriate syste:n routines llf 

thcy may be inpÍ1t to·sy,tem code rcneiators .. A similar 
late binding may also ·¡lcctir duiing application program 
exeortion by 'a "typi.! of ÚPEN comma·nd. There is m·ore 
lkxibi!ity hcr<! sin~e th~re may be a Whole Series of' 
Ol'EN laml CLOSEl commands issued. lf the intcrnal 
:-;dk:!lla (hanr.cs bt.!lwcCri runs, a hite bound program \Vil1 
r;,,¡ 11:1\'•: 1o be rcpro-.:t~~;·.:tl. 

Wíth dynamic himiing tht: mt~ppings could changt: L'r 
he rcanalyzd for each reque.st .to the d.at.abasc. This 
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· would. for examplc. allow d~·namic reorganization of the 
intt:rnal vicw of thc datah:~sc without any effcct on .~he 
; 1 rrti~';di(lfl pro~Tam. . 

Tllcre is a wngc of possihilitics in thc irnplcmcntation 
nf mappint-:s and transfnrms. This ranr,e allows dilferent 
tr:ldeotls for performance and Cunctional flcx.ihility. At 
one end of the rangc, an irnplcmci11<~1ion may require that 
a conceptual objcct be congruent to an interna! object, 
and that an externa! ohji:ct he congrucnt toa conceptual 

.. , objcct. f n this case, an e".\tcrn:ll objcct is maicrialize_d 
· directly (one4 IO·tJilC) from an· interna! ohject. Great~r 
flexibity is possible · if an implcmentation· · per~1its 

· conceptual objects to corrcspond to severa! interna! ob4 

jects and permits externa! objects to be extractcd from 
severa! conceptual ohjccts. l'rocesSl)fS can he dcveloped 
which can annlyzc mappings_static~lly and can f!cncrate a 
transform which materíuli7.cs externa! ohjects dire<.'tly 
from inte~nal ohjects. Altcfnatively, an implcmcntation 

· can ana.lyzc thc mappin!!" dynamkally with matcri~liza4 

tion algorithms locally optimized to reftect the varying 
cháractcristics of _i~tcrnal Object~. At the most flexible 
end or the range, an implcmentation con analyze map­
pings statically or dynainically, with the systcm deter­
mining which is the optimum access. Thc conct~pts and 
definitions in this report are applicahle to the entire range 

·-
systcm through appliCation programs executing at. 
various levels of interface to the system. 

·¡ h~ errtcrrrisc ¡~dministrator must revi.'íe the conccp· 
tUaJ schcma lO indud•..'. the OCW Uses OT n:vir.cd VÍCW!' Of 
information. within thc · enterprisc. More. frec¡Úently. 
howcvcr, the information usage of the en!erpric;c as 
synthrsizcd in the conceptual schema will remain rcla· 
tivcly stablc while the interna! ancl extern;~l erivironniéhts 
require chB;n~e lo absofb new hardware and/or softwaré 
systems. to rc-optimizc or restructure tti~ database for · 
cfficiency puipnses, to intesrate new pror,rams (oren tire 
applir:ation systems), rdormat or reload the database. 
WJ1ile the conceptuaJ schema is serisitive to business 
policies. di\'ersification. mÚgers, new intcrests and other 
dynamics of the enterprise, it is likely lo remain more 
stable than ejther thc interna} or .. externa! schemas: 
hcnce, interna! and ex.ternal schemas are prepared and 
mappcd against the relatively stuble conceptual schema 
rathcr thari against each other. in arder to ins~l~te one 
from the other. 

Although the proposcd framework does not 
specifically resolv·e the. problems óf a rhanr.i,ng en­
vironmcnt, the conceptual schema and its surrounding 
frarncwork are: designcd to accomffiodate: change mOre 
easily. 

_of implementations. / 
CBAPI'l-":R W-INTERFAC~ 

' 
Conclusions 

Data independence is rclated to system dynamics in 
two significan! ways: by lhe complexity of the mappings 
that can be accommodatcd, and by the dynamics of the 
changes that can'be a"ccommodated. ·' · 

Increasing the complcxity allowed in mappings in­
creases the data indcpendence of the sy!\tem. For exam4 

rle, wheil mappings allow correspondin~ interna! and 
externa! data items to have different formats .. one format 
may he altered without changing the othcr. lf interna! 
records do not nccd to be in one-to~one c"orre~pondcnce 
with cxtcrnnl records, thcn attrihute migration may occur 
at one lr.vel without llCCUrring at. the other leve l. 

The dynamics of chan¡.!e involves suclr things as 
permiuing partial reor¡.::~mizations whilé stored d~ta 
remains in use. permitting modificatiori of externa! 
lichemas (while the interna! . schema remains tixed), 
pcrmittirrg nlodifi~ation of cxternaJ !lchcmas concurrent 
with modificntk1n of interna! schema. 

If all applic:ltinns are úc~iJined to work on · predeter­
mined stored data. ~md all charactcristics of this store.d 
data are always known in advance, then stntic hinding, 
for example, by a compiler. is satisfnctory. However, if 
any apptication is designed to work generically (on 
a\ternate sto[ed data), or if any of the charactcristics "of 
this stored data may vary, then the application mUst be · 
rcprocessed or there must be late or dynamic binding. 
This capability is very senSitive to the Bllocation o{ 
system functions. 

A datahase mana~ement system must suppmt a variety 
of uscrs. includin~ rcport _specifiers, iñquiry specificrs. 
_d:ttahase updatc sp~..:iticrs. pai"amctric usas (c.g. bank 
lrl]l'I"S) and t'pcr;ttÍ<llt~ dcrks (i.e: paramt.:trie U'\ers of 
_'i~-~lt'ms utilities). l~a.:h uscr. ..:ornmunk~llcs with the 

i.~ V .JI l. t-;, J. .. R 

The ('roposed. framework is depicted _in the System 
schematk: of Figs .. , ancl 2. This section will ~oútiine ·the 
interfaces and lheir purposcs. Interface• al·the lefi oi'the 
figure, which belong to the storage subsysiem·. will tlot be 
discussed. · ' . · 
INTERFACE 1_: Conceptual Schema ·' Descrij;'tio~-... '· . ·.·· 
Source Format · " . 

The source format of the conceptual sch~ma d~scriP- · 
tion is the interface hy which the entcrprise adminis­
trator makes known to the database manati~inebt-syste·~ 
his declarations of the conceptual schema. The · CoÍlccp·~ 
u.i.al schema description includes specifica.tion of the 
conceptual Objects aild their properties and relationships. 
operations permiued upon thesc objects .. · consistency, 
integrity, security, rccovcry and administrative 'matterS: 
Validation of these declarations _by the conceptual 

. schema processor includcs syntax chccking and chccking 
for self-consistency and consistency with other descrip­
tors. In addition, maintcnance operationS are available · 
through· this interface such as insert.ing Or, delcting 
conceptual descriptors. 

INTERFACE 2: Conceptual Schema Description-Db- _ 
ject Format · 

Thc object formal of the concept~al schel'fla descrip­
tion is the interface by which the edited ·conceptual 
schema is- made known ·· to the rest of the database 
ma11:3gement system via the data.dictionary. , 

INTERFACE 3: Conceptual Schema Deicriplion-Dis-
play Formal . 

The display formal of the conceptual schema is 
prcpared for (sekctive) distribuÜon to and for refercnce 
by the personnel both inside and outside the data 

' ' 
~---------·-·~··--------~-----·---'-··-·-· -------·-~----·--·-·--·-· ______ .:_____ ...... ....:..., ___ ___;_ __ . ----~-
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proccssín1~ organi7ation, Sllbjcct to the cnnstraints of 
sccurily (nccd tn know, ri¡~ht.to kuów). lt may hC uscd by 
these intlividuals to dctcrmint~ tilc availahilüy tlf concep· 
IUal dat:i.and thc ch<Jractcristics of conccptu:d d~1ta. h is 
thc most mmprchcnsive st:1tcment of any of thc modds 
that indmk data about thc cnterprise. Thc c.:nnccrtual 
schema rnav .he dispby..:J lo thc entcqirisc adrninistrator 
for ~hiintcn:lllCC J)llf[10SCS, and it may be di~playcd lOan· 
ar¡jlication administratur in order to map un externa! 
~a~h~;ma. 

INTERI·'ACE 4: Extcrn:tl Schcma lk::,cription-Soun.;c 
Ftlli::;ol 

Thc snurcc f lll mal 1)f an c:-.h:rnal schema dcsn~ption i~ 
the interface bv ,.,.hic.l ~~~~ appiic:1tion :nhninistrntor 
makrs bwwn to thc· dat:~base m~nagement system- his 
(!t:cbr:ttions · of an cxh.:rnal schc:na. ít includcs th.e 
speri!ication~ of thc c.\tcrnal objccts, thc a:-.:;odaüons 
<:t:1J stniclllrcs in whid1 thcy are rdatcd. üpcration~ 

perOiittcd upon thc~c ohjccts. and administrative 
'm..:tttrs. In ·addition, nwintc.:uancc operatillllS sw.:h as 
inscrt.ing. mudiiying or ddcting an externa! dcsctiptor 
are available across this interface. This int<.·rface is also 
uscJ to defmc mappings of an ex.tcrnal schcma to thc 
conc:.epiUal schcma orto othcr externa\ schcmas. Valida· 

· tion of. thcse dcdarations induJt:s syntax. chccking, 
chc'ckin·g· fnr sclf-consü;tent·y and consístcm;y wilh other 

'ie"Cripúns. and, if a mapping is dc!lncJ, chcd(ing that 
~he~e objects can be hounJ to objects dcc\areJ in the 
conccptnaJ schema. 

INTERFACE S: Externa! Schema Dcscription-Object 
Forniat . 

The object form;;¡t Of an externa! schema description is 
thc int~..·rface by which an editcJ externa! schema am.l 
extcrri:1l/conccptual m;'!.pping are madc known to the rcst 
uf the database managcment systcm via thc data 
dictionary. 

INTERFACE 6: Ex.tt:i-nal Sch~:m<.~ Dcscription--ltt.Jst 
l.atlgtia;;c Formal 

The host lart~U:I).:!: formal or :m externa! schcma 
d~·s~..·ripti{ln is thl' intnface thrnugh whi~..·h :111 Externa! 

· Schcma Fnrmaller makes an c.xtcrnal schl'llla ¡¡vailable 
fur use in writin~· or proccssing an a¡'lp]icttion pro~rarn. 
An externa\ sdll'll1a fnrmatta rnay cxist for cach hL)St 
laugil:tgc, C.l: .. COBOl., FORTKAN, Pl./1. M end uc;cr 
lan~u;\~e. 

Thi!o. interf<tce providt'!i an application rrogramrner 
with a vcrsion uf an t·xtcrnal schc:ma compatible with tht: 
pw¡~ramrníng lau~ua¡:.; bcing uscd. Through this intcrfacl' 
thc cnd user ¡.., provided with a vcrsi~m nf an cxtcrnal 
S(:hcma in a format tailorcJ to his application, vocatinn· 
or ~kili leve!: ant..i syntal.'li~·;.llly compatible with his pro­
~:ramming bngU:1gC. lhis imcrfat.:e prc:,cnts 1<1 a prograto 
devtltl¡:'lf!lent fOJnctit;n an txtcrn;d schema. in a form:J\ 
syntactically al·ccptahk for compiLttiun. tran:-.lalÍ_p.n or 
intapretation. 

INTEK~'ACE 7: ExtCrnal Data f\.t:mip11btion 
L~mguagc-Source Formal 

Thc suurcc format of an externa\ d:1ta manipulation 
lar.g.uagc is thc intcrfacl.' by .which an applic:!tion pró­
r..raumÍcr srecilics. the selecti<lll and manipubtion statc.­
rncnis within the application 'prowam on externa! data 
objccts that are defincd in an externa! schema. 

INTERFACES S, 9, 10, 11: End U ser Facilities 
In lh!! arca of end usa bri;itics a g:11:at dcal of im­

ar.inat•ve develupmcm of bn¡.:Ha)..:CS l.'an be í.:Xpected in 
Lile ncxt decadc. lntr.ríac~s S.(). 10 ami 11 collectively 
rcprcscnt SOiit•: of tl;..: lanc:ua¡_:c bmilics wl~ich can be 
c;o;¡·:;;.:t::.l. 

Tht; rl'port specifil.'ation language (intc.:rfacc 8'1 is th:: 
in~o.·riw.:c by which, th~ cnd usn as a report speci:l~r 

dr-.crihcs a p:1rticular report to be prepan:d. The rr.port 
~r·~cili:::r expects a rcln.tively larg:c. volume of highly 
lormattcd out{all and is conccrncJ \Vith externa\ ohject 
sdcclion. summariLntion of certain quantities. formatting 
of ott!put. etc. 

TI!~! inquiry ~rcciliration language (int~rfacc 9) ~s thc 
interface by which the end uscr as an inquiry specifi~r 
dest·rihcs a particular inquiry to be an~wererl. The inquiry 
!>pccili<.:r is conccrned with externa\ obje~t selection and 
cxpccts a rdativcly small volume of output. Fonnauing 
Cl1u\d he left to !he systcrn's Jiscretion. 

Thc update spccifil;ation language (interface lO) is the 
·interface by which· th~ cnd u~er as an update specifier 
dcscrihes simple uptlates to the database .. The .up~ates 
would Oc moniturcd w prevcnt d~mage tn the database. 

A parametric interface '(interface 1 1) is creatcd by an 
applicarion prog:rammer to' inieract with an indiv,idual. 
su eh as an cn~!incer. a· reservations clcrk or a doctor. 
Tl~t:sc indivil!uals are cxpccted to be skilled in their own 
ficld, <ind familiar with their own practices and 
tt•rminology. A parametric interface will therefore ·be 
dcsignrd to interact with Lhe use in accordan~e .. ~ith 
thcsc ~kills, practiccs and terminology. In this scnse, a 
parametric intNfat.:e is the casiest of thc end user facili­
ties t{~ u:-.e, ami it is cxpccted to be th.: intt·rface mOst 
frcqucnt!y l!~l'd. Stand~1fds applic:tb_!e to this interface 
would he thc: rt·~;ult uf :1pplication ~tandardization rather 
than Jatabase stand:mlization. · 

INTEI(FACE 1 ~: E:Hcrnal Data Manipulation 
J.anguagc-Systcm Formal 

Tbis is the interface by which an externa\ data 
manipulation lan~;t;nr.r,e is exprcsscd in a form inJcpen­
d~:nt of any ho:)t bnguagc. This interfa;.:e may have 
s..:vcc;t\ forms dt.:pcmling upon lh~ faciliti~s pr~Jvidc.:d by 
thL' ~yslc1!1. lt lil:!y, for o.;ul:p!.;,_ be in the f~\Tffi of 
cxc¡_;tHion timc ~;uhroutinc calls to' systcm proccc\urcs, or 
it may he ciíet:ll'J as ctu~pi!t.:rs uf applicatilm progf~uns. 

INTERF.I'.CE 13: Interna) Schl·ma Description-Sourcc: 
Form<tl 

Th..: sourcc fmm<1t o[ thc: in: anal schcma dl'~CÍ'iption 
is th·~ intcrf:-:.\.'C hy w~;idl th;; <bi:tkt:;.:.- ::dt:,ini-.;!~·:::ot 

makc:, known tu thc d~·tai.u~c mana¡;..::mcnt s:;s:t'm rh<.! 
dcclarations of thc interna! scht:ma ·an~. tht! interna! to 
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··~·n·:t•plll:;l mapping. It indudeS spe_ciHcatillllS of tbe 

111 :~·rnal ohjcL"Is. indiccs. pointer:s am.l olhcr imrlcmcn·· 
: •• 1,,- 1 rncchanism~. olhcr raramcters a!kl:linn (<,ptimiz-· 

1:;:.:1 tliC ccono~ics ol in~t:rnal data ~lor;.~y,c .. integrity, 
.,·,'uJity, rc:covcry, and administrative mattc1s. Hi.;.toric· 
. ,'fr. llu:.-..c parametCr"i wcre Csse¡ltially fixcd by thc 
,¡..~ 1 _.:n~rs· of the databa<:e m~nagem~:nt systL"ITt; few if 
:::1}' ~rtions wcre avaibhle to the database administrator. 
'· ;d¡Jation or the declarations for thc intt:l na! tbta 
,f·:~niriion includcs syntax checking for sclf-cün~i:·.tcncy 
.,, i:h other descriptors. and ¡;hccking for consisH!IICY with 
::·~ lon.:eptual schema. ln addition, this interface _is used 
f,~r m:1intenance operations on tbe interna! schema such 
.;~ aJding or deleting an acct:ss mechanism. · 

1\TERFACE 14: lntcrnal Schema Description-:-Ohje<t 
1 :orrn:tt · 

l"11c ohject formal of thc interna! data description is. 
!hi.! irlf~rface by which the edited int~rnal. schcma and 
lntt·rn:tl to conceptual mapping are m?..de known to thc 
rl·~t n.f tht! database management system via the data · 
diLtionary. 

!STERFACE 15: Interna! Schema Description-IJisplay 
Fl1rmat 

ThC display format of the internat data dcscription is 
th~ interface by which the interna! schcma is com· 
~11micatCd to persons authorized to se~:: it. The interna! . 
~.:hcma may be displayed to the database admiilistrator· 
~() that "he can maintain it; it may be Oisplayed to a 
"}'tt:ms or utility progr~mr)ler. so that he can manipulate 
interna! data objects. Thc interna! data description c3n 
he uscd by ~ hoSt langual!e proccSsor during program 
rr..:paration (compilation. interpretation, étc.) oí interna! 
1l;tla manipulation statements. 

1:\TERFACE 16: Internal Manipulation 
l.an¡!uag~-Source Formal 

lhe source formal of thc interna! data manipulation 
l:tnguage is thc interface _by which a programmer 
··¡•·:rilics access and manipul:'!.tive staternents on intcrn~l 
-::,r;¡ ~~hjects that are defined in the intern;:~! sc.hcma. 

''·ITRfACE 17: Interna! ·Data .,Utililios-CoHtiol 
t .~o'lpJagc 

1 

Thc C{lntrol language for the imer~nJ d~ta utilities is 
:~~o.: tn!(•rface by which a ~ite opcrator speciHes Üpcra· 
;':·:h uron objt>ct~ that are comnoncñt:-; uf th·.~ interna! 
·>~r'w 11f thc database· and are described in thc in~¿rnal 

· · ;,~n1a. Thc functions pcrformed include, reorganization 
· ~ •nrcrnal data, the transformati~n of data into inter· 
· ::.:o~c format, and copying upon an iirterch~nge volumC. 
; !,,·re c;:m also be facilities for emergency uSe to recon­
-.rrud interna! data when normal recovery and restart 
~ •1nlitie·s cannot be u sed. 

!',JLRFACE IR: 1ntornal 
1 .. r~~:;Ja!-'c-OhjeCt "Formal 

Data Manipulaiion 

i !::_· Phject frnn~at of the inlern~l data nlanipulati.Ori · 
·.·t:::¡oe i<; thc intc1bCe hy which an eiccuting sy:;tem 
·.·:.:m ac¡;oc~\c~ and __ rnanipulaleS lntc[rl.al data objccis 

,, 
,,,. 

that .:re dcfined in thc interna! !'.~hema. Thi<; interface is 
simil:ú lo interface 30. t··~· 

INTi~llh\CES 19-29: 'Thc'le are part or thc stor;~gc 
· subsy_stcm ;1nd will not he desnihcd . 

INTERFACE 30: Interna! Data ~fanipulatiOn 

Language--System format 
1 he systcm formar of thc intt!rnal data manipul~tion 

_l~ngua.e:e is the· interface by which an applícation pro· 
g¡;¡m\ r.:·(jiiC\ts for d;:¡ta rnanipulation aic rep¡csented a'i 
opcr~tions (lO interna! data. ~losr "likcly. this interface 
would be· uscd at prograffi cxecution time. in· the form, 
for example. of subroutine calls to thc storage to interna! 
data baSe transform.: 

INTERFACE 31: Conceptu.al Data _Manipulation 
· Lan¡~uage-System Formal 

Thi~ is the interface by which interactit~ns a;c made 
with the conceptual vicw üf tlie dJtabasc. This intÚface 
ffi;:¡y lakc thc form of executi_on tim~ subroutir;e calls. N 
it m ay be "travl!rsed" by systrm codt: gcncratoE ':"Jdore 
c~ecution. 

INTERFACE 32: This is parl of the storage subsystem 
ami wili not be describcd. 

INTERFACE 33: Database Management System 
Spccifico.tion Lanr.uage-Sourcé Formal 

Through This intÚ(ace the spccifier (vendar) of the 
database managemem system 1i1akes t:n>JyJn to·rhe system 
the names and dCfinitiuns of data ohi•!ct typcs avail:.1bk: in 
each real m (externa!. conc~ptual. intern~l}. For e.xample, it 
would dchne tools of d;:1,ta storage urg;mization. su.::h a o; 

. chainS. record arrays. pointer mrays, sen1ndary indiccs. 
etc.· 

INTERFACES 34, 35, 36, )7, 38: Data 
o¡ction:!ry/Di~ectory lntt'rfáccs 

1 i:':~e int.¡;ríaces :.JTC bel\'."J!Cn the .data 
Liction¡:¡,ry/dircctnry <!nd the vario_u:- tr:J.n,form module~ 

·and p1o~;ram p~Cp<!Iatinn and execution suosysi~m~. 

Ti:•:y tr:~nsniit .1:1e s<;hemas c:•.nd mappi;1gs t:J tbcc;e 
fcnctions and th:::rcby aiiow ;~ppi!c;.1t!m1 p:-o;!ram D~·lL (¡:, 
he c0mpilcd. intL:rf)r"et~d or procc:is.cJ in 'sorne othcr 
fashiun. 

il'~T::RrACE 39: Dat:th:.tse Transp('lrt<>b!lity Interface 
.Thruugh this i!llcríace, a d:.uabasc m<.Jy l1e copied onto 

im iJHcf(·han~e voiume in "somt! intcrchangc formaL 
1 

,INTEi!FACE 40: oatabase Manar,r-ment System 
~ Specilication Language-Object Formal 

.. This is the.int~·rnal form of interface 33. 

lNTEfzFACES 41-42: These are part of the storagc 
subsystem a~d will nOt be described. 

CHAPTER IV-ADMINlSTRATION RO~ . 

There are three main administration roles proposed as 
· part of tbe framework:· the enterprise ·administrator, the 
1 • • • 

., .. 
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applicafic,n administratoi' and the datahase administrator. 
AJI three should. be regarded as roles and not necessarily 
as distinct persons. ' 

Enterprist administratoi J .. 

The enterprise administrator. in consu!tation with line· 
organizations, as weiJ as wili1 thc application analysts 
and designers, identif:es the overa!l requirements for 
cxistin~. proposed. or potential applica~icns. T o so me 
extent this function is simil11 to that of an application 
adminis!ralor. If. an ttpptication arimini;;tr;ltor has be:!n 
?.ppointcd to represent man:l~ment and O!lcra.tion'i for a 
speciúc ~:rrlic<stion, then the entt'rpri:.e aúmi:'listra:or 

·wOuid nego¡iate with him. Tb: entrrrrisc arirninistrr~ic.r 
determines: t.il the tot;dit:; ot tht: infnrmation required by 
the entcrprise: (ii) thc b•~St \Vay of cuiiccting the data anJ 
thC be:,t c;_¡;v:mkal w<.~y üf vi.:;:'.'.'\nz thc da: a: úm! (iii) tl:e 

. integrity anó security ru!es a\~ociat~:rl with the data. The 
entt:rpri~c administrator determines from the applicatiun 
administrator how thc exterñ.:il data will appear. lt iS not 
necesSary that al\. aprlications be rcquired ·ro view the 
externa! data 'in identicaJ representarions: however, it is 
advantageous to negotiate away trivial and arbitrary 
differences. 

Having gathercd the collection. of required views the 
enterprise administrato'r. exti-apolates to a more general­
ized .conceptUaJ 'schema. This conceptual schema in­
·corporates all thC conceptuaJ objects. The cnterprise 
admini~trator anti~ipates additionaJ· applic'ation needs, 

in this i:ontext means that thc externa] ohjl·cts th:-~t can 
be materialized from thc interna] objcct~ s~Hisfv the rule-... 
s'pCcilied bY' thc cntcrprise administraiOr. . 

Sccurity implics th:lt.external objCcts are made avai_l· 
ablc for aCi:ess or modífication only tn those individ.uals, 
loCations. aprl!~.:.llions and pTfii_!Tams that are propertly 
authorized. Tt1::- enterprise administr:1tN, in consultation 
with linc or~:lnizn!ion'i, deterrúnc~ what the authoriza­
tion requiremcnts ~houid be in on!er to .-..e~ th!.! concep­
w;,¡ schema. The authorizátion may be on hchalf of an 
indiVidual 9nlme, ail inJividual or or~·anizatilm submit­
tin~! the ar¡,\ication. etc 

lt is neccssary to differenti:~.te betwecn control and 
GWncr5hip. Thc irHcm:d data may he owned by sorne 
department ~r apnlication. The arplication-oriented 
rccuiremc-nts. rules for maintenan<::e and rules for it!i u-.e 
m:: y be proO(I:Scd b~: it~ owner. The i1itr.:rn:ll data may be 
crHrusted to the en:l~rprbe administrawr fllf control over 
its contents and usa)!e. The enrerprise administrator may 
even exercise control over interna\ data he is not 
authorized to ~ee. 

The enterprise adminjstrator interacts with the system, 
using the ~ystem as a· tool for enterprise administration. 
The enterprio;e · aJministrawr may use the conceptual 
scheffia- processor in interactive manner. The enterprise 
administrator can cnter specifications for definition of 
the conceptual schema and ror protection and control of 
the database through 'the conceptual rnodel. 

and providcs the required ~tability for applkation con- A/Jp/ication administrator 
struction. An a!_Jplication adm_inistrator, in consultation with line 

The process of obtaining the conceptual schema has organizations. as well as with the app!ication ana1ysts 
beco described in a ,;define the application's needs first'' and designers, idcntifies the a·vera!l rcquirements for the 
manner. In fact, the definition of the conceptual schema externa! data required for the proposed application(s). 
tnay proceed in a "d~flne the componcnts of tly.: c:oncep- Having a co]Jc¡;tion. of the requircd externa! view~. an 
tual schcma first". manner. Neithcr process is inherer'itly applicatíon adrr.i.nistrator _ defines or augments the 
more error proAe nor inore subject to modification timn de!ln.ition of t!IÍ externa! schema. Each externa! object 
thc other. can be defincd interms of an existiny. conceptual schema 

The enlerprise administrator protects the database d::Í~nitiun. ·1 he c:.tcrna! object can be defined by expli­
against abuse and misus=. Two separate, distinct citly defining <~11 the components, hy extracting from an 
fut:~CtiOns can he id'!ntified: íntet.o-ri:y and security. Thc dready dcfirt~d-cxternal object(s) or by extracting from a 
mcchanisms fo~ periorming the:\e fur.ctions may have concePtual ·schema defiilition. The preceding process 
much in coffimon. lntegÍ-ity is protecting the !iatabase exempiifies defining an externa! schema. Similar' proces­
frOm authorized users. Security is protecÚng the' ses may augffient, modífy or delete an externa! schema, 
da:tabase from unaut~orized users. Security is· neceSsary or any of the definitions it contáinS. 
for privacy. Privaey itself· is not the suhject. of this An application administrator exercises cont.rol over his 
report. It deals with the concern or · peOple for the ~pplications by definÍng specific Constraints for externa\ 
privacy o( information about themselves. lt is a social objects and. by dcfining specific structures for these 
and poJiticaJ, rather than_a technical issue. externa! objects: He ·defines externa! ob.ject descriptors 

lntegriry requires that the conceptual scheffia be cur- ihat may be copicd iota a ·source prOgraffi. He also n-iay 
· rent. consisten!, and correct. Preservation · of integrlty prescribe tht! binJings of the externa! object ·to spedfic 
includes editing and validating overt cha-ciges to :the i.n- conceptual schcm<t objects. He.may prepar~ the binding 
ternaJ data· anCf maintaining consistenCy of redundant or coritrol state:nents that may be includcd wilh a p'rogram. 
deriv~d interna! data. lt als-o implies resolving confiicts to .An application tidmini~trator ncgotiates with · the 
ensure that no char.ge iriath·ertently colinters a Pf~vious ·p~rS-on ·rcspomible for' Secui'ity for ~uthorization _and 
c~ang: or that a partiaÜy completed·. modifiCatiOQ iS ncit authentication o{ individuals arid applications within his 
inadvertently displayed. ·' sc_Opi: . . . 
. i'he cnterPrise administrator, in consultaticin with line .The .. applic:llion administrátor' interacts · with the 

orgariizations, as well as. with the appiicatioñ ··antJysts systCm, using the syStcin as a tool fof appiication ad- · 
and designers. docÚments the editing,~validati¿n ·and ·minislration. An application administrator may use the 
consisten~y J:Ules that gOvernJbé.d3tib~~e·:.ó)rre~tness exterilal schema prócéssor in 'an interactive manner. AD 
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1
,¡,,-:11 ¡1, 11' adrninistratnr can cnt~r spC"ciiications ·ror 

.~ .. :, 1:\illHt of _tite cxtcma! !'chcma. for contnJI o( thc 
-·; 11 ,,¡ nhjccts and for ,bimling hl tlw conceptual 

. ., b·w:~ llhjc.::ts.' 

1 l,::oJ/1,1\·c· wJmini.llrator 
. ¡ h,: 1btahasc adiniuistratOr, in consu\tation with thc 

,-~ 11 ~rp 1 i,e admiuistrator, identilics the _ov~rall rcquirc­
•:,·lth fnr. anJ availlthility oL interna! dc_1ta rt·quirl'd for 
. ,, ~-,¡..,¡in¡.!. prupo~eJ, or pntrntial applicatinn. Thc 
.-¡~lc·J¡'ri·,¡,; administrator has dctcrmined th~ conceptual 
,,¡.h·~·k rclati\H'Iships and structures defin.l·d in the 
• ,, 11 .,'t'ptual schema that must be derivable from the in· 
h'ill:tl Jata. 

lbvint.: bccn instructed in the collectiun of. definitiuns 
¡11 thl' conceptual schcma. and the. r,lobíll ¡:ronomi~.:_s of 
<~~l· vf .e:·dcrnal and inlcrn:.~l data in thc !'ntcrprisc, the 
,L1tthasc <1dministrator de.fines a complemcnt of intcrnaJ 
ril'ld~. interna! records, etc. He determine-; thc lradeoff 
(·.,·;wet'n copying and convcrting existin[! interna! data. 
lk dcddes on redund~mt copies of inh~rnal ..Jata lo 
·rrt-·;c;t~t· rcsponsíve~ess and niaintain ~.:ow;istcncy be­
l\\l't'tl thc copies. He also spccilics thc prnc{'durcs that · 
.:\crc:i~c control on his t-.ehalf. Thc prcn:Jing proccss 
nl'mplitics crcating a defi!lÍtion to thc Íllll::rnal s~.:hcma. 

Similar proccsscs modify or delcte dclinitions. 
· lbvin~ llt'fincd the new interna! objCC't:;, ncxt to he 
,ktin~.:d is the mapping from con<:cptu:il ohjccts.ddincd 
in the conreptual schcmn. Thc mappinr, of interna! ob­
j~Tis lo conceptual objccts should take_ intn account, for 
l'\ample. the distrihution of interna! ticl~ls inhl internal 
-rCcOrJs. and or' redundancies and dcpendcnCies among' 
thc interna! fields defined in thc interna! 'ichcma. 
· lf a nl!edcd intcrn;ll ohject docs not cxist. the datahase 

.tdr;linistrator e~tahlishcs thc defmitions for that object. 
rtll' databasc admini~trator constru..:rs a mapping fr_om a 
:-_~lnl·t~ptual objcct to interna! ohjcct(s). He defines the 
,~·k'l'tion of intc.:rnal ohjcct values that correspond toan 
:ltldcd conceptual ohjcct. He defines the aggregating al­
.'~"ritlut~s for viewin~ conceptual objects in terms of 
lllh~rn:d ohjcct~. 

1 h(' datahase O.dministrator exercises control o ver the 
r;-l•!IOflllt'S of the databao;e system. The databasc ad­
;~;,¡¡j~!lalt\f providcs a formal. precise ddlnition Of the 
H!l•·rn;,¡ da1:1. hnw it is rrprcscnted, ·how it is or~anizcd, 
h,··.·: i1 ¡, ~tllrnl, how it is accc~scd. He establishes the 
,¡!:.,!llv .,,r !-it·rviccs, lcvt:l.' of scrvice, am.l cost·service­
;· ,f,;r¡n:ull~c lradcnlfs. He manipulatc~. rcoqwnizt:s. and 
,.·t+n\!:-; thc in1ernal view of the datahasc, to achieve 
··:~:illlltm performance undcr current prioritics anJ 
·:·::n:1nds. !k din·cts thc datahase managemcnt system to 

··:•itur and examine use of the intern:ll data, to cn~urc 
•· .:1 thc rolicic~. pr(lccJurcs, and controls are elicctive 
...,_¡ :1dti~vc" 1 the r.nter'prisc's goals. Obviously, the 
d '~-tb,c <uiministrator is constrained against discarding 

.. 

interna! data·_still iequircd for opcratirinal or-p~rformance 
rcasuns . 

The dat;thasc aJ1nini"trator may exar.line the concep­
tual ~chcma,_ tln! intanal s..:hcma, and thc conceptual to 
interna! mapping. The databa"e · administratN c:¡,n en ter 
specifications.for ddinition of thc interna! schema. for 
m;-~pping from the conceptual !->cherna, and fm control of 
the interna! data. Thc interna! d:uab.ase :\cherna proces­
sor thccks thc syntax and semantics of the input for 
sclf-cunsistency and · for incremental CClnsistency with 
the alrqdy-spccified portions uf thc interna! schcma rtnd 
mappinJ!. lt :m:1!yl.~s and po:;sihly simulates thc etfect of 
the additional specifications and rcports to thc databa.~e 
administrator. 

In conclusion, thc rationalc for thc diffcreill · ad-
. ministration roles are summarized. First, allocating the 

extL'rnal dílta description .and control functions to ihe 
applicaiiun adminiHr{JtorS alluws somc changcs to be 
instituted, and enforced without thc continuouc; and usu­
ally prohibitive exocnse of modifying smtrce programs. 
E'tahli"hing control ovcr policies in tite hands of thc 
ente'rprise atlministmtor helps ensure th<a thcy re'tkct the 
requirem¡;nts of thc enterprise as a who!c, and not paro~ 
chial. shortsiP.-hted. or uninformed intcrests. For in­
stancc. an application ~roup p:-obably will not understand 
the inf_ormation ~conomics of 'the entirc entcr¡)I_ise,. 
espccially applications it is not familiar with. Their necds 
will be ·bcst scrvcd by their appiication administratór. 
Finally, isolating thc optimization, measurenient, and 
managcment of interna! data in the hands of th¿ data b-ase 

· admlnistrator ensures the appropriatc tcchnical skilis for 
thc 1!\Sk. 

CHAJ"n-:R V-CO~CLUO~G REMA1tKS 

This report cstnhlishes a hasic framework for datab~se 
ri1anagerncnl systcms. While much cffort and. progÍess 
has been made, therc is still more 'to be acCom¡jlishe-d. 
Signiticant arcas which remain to be studied withiO "the 
context of this framCwork by the Stu_dy Gro~p iflCJ~de:. 

e distributcd database (potential impact), 
Q security, 
Q recovcry, 
Q inle!!fily, 
O claboration of dntn dictionaries (especially within 

thc ~.:ontex.t of di~tributed systems), 
e concepts and consti'Ucts at each level. 
O manipulativc fur.ctions al thc conceptual schema. 
O mappinJ:s, 

O extcrn:11 and intl"rnal schema interfaces 
Thc study is ncitllcr complete nor all cncompa5o~ing. 
Many items rCffiJin unclear and much work rr.:mains to 
be dont:. Thc Study Group invites hoth the user <:om­
munity and the rcscarch and dcvelopmcnt community to 
respond both to the ideas presented in this report and the 
challenging new direction~ thai are op~ncd,by'this report. 
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J:if0Pi.iAC!UN r\~~n·.J!otfiou is introducrd us ~\11 uhstradio_n which is 
'M~t·!Jfll.:i:J/1 irnportanl -in ·l·oill't'pluúlizin~ the real wnrhf. 

'A;;:_.,!-c!~:.~liml ti-nnsforms :1 rci:Jtium;hip lwtwt~en nl,_i_cc.:ts 
i,nh, ,a IJ_ight.·~RI<..~-.·eJ ultj~l't. ~~ nt·w ,:ala_ t:·pt·. (::ollcd 
agl!rt•g:_th.•, ;_ .. dc\'t•lttftCd whi1.:h. tmdn n:-rtain c:rilt·~·ht of 
uW(' J i-~t~ !iflC_If Hl'S~¡ • '' S ()Cd l'i t S 01 ~~2.1' t ;~:! 1 j 1) 11 :~: 1" l f~H.: l (o liS, 

.Jl(·biiono!l (bfal.:ts~s rlctiued a_o,; n~li(:rfions oi 
nggn:~3ics urc _qrul:IIÚ't•d tis :1 hierarrhy of n-ar.r 
rc·ratron~: T(J lliaiutaiil nell-(h•firH:dncs~, upt!atc 
~q~h:úions un sudr datHhasl'S 1!111~1 ·prcscn·c lwo 

irn·ariants. \\'l•ll-clefined reblious arc·di~tind from 
u·laiinns in thii-d normal rorm. it·i."i· shtm·u-·that these 
nofioHs are complcaíu•niary :'mtl hu'd1 are imp~•rtant in 

dafaha\e. dt~sign. A top-dowll mt'lhocl(llog~' for 
dabh:r~e c_lc.·_..,¡~~~~ is dcst:rihl•d whid1 scparatcs drcisions 
cunccrnirJI! w~~l'l'~~alc.· strut'ltli't~ from Oecisiu~1s 
,·nncrrninÚ-!,cy ideutilicaliou. lt i.s ~m;:~cstcd ihat 
~~J!~_re¡~atc ~~·pt!s, and othl·-r typcs \\_"hiciJ suppurf rcai­
\-\'Orld. a htr:1·d in(ls vrit hout ih: rodüdnJ! im pli.:m ~·utafion 

fkfail. shmd1l he incorpnruh:d infn l•n•J.!r:lmmin~ 
bn;-\l::-::!es •. 

l~l'Y \)'ords and ¡'hr:.tsc.-.: dahJ ahslral·tinrl. 
rcl~ttin;t:.JI d;lf~1l1asc. dalo.t I)'!W• :l~~¡..:rcg:tlion, d.oi{;.Jhase 
dcsi!:u, (:::!:1 s!rnl':Urc-, kntn\<·k:igr~ rt·rtre.'WII_falion, duta 
dcfinitiuu :;:ngt:ar.t~ 

· Ci! C<ll_c-·:·uril'~;: 3.65. 3.(,4), J. 79·, 4.29, 4.33, 4.34 

(-~,P~:ri.~:lr:-': 1_'17_7 >\ ..... ~{!(Í;;t~:rG~;~;\T:~~TOcry. In(. 
f;l'nniii" l'l'lll.lr~~·•lli In j-l'puhli.-.h,·l•\11 rr.•l lor prnlit. ;di 11r pall of 
this m:rtcrial ¡.., cranrcd pro\'idl·d th.11 ,\CM'~ copyright llnlit..·C is 
_gi1·cn :.nd .'bid ~~-1-t'h.:llty: is nrads 111 rtrl: pu.hlrL':ttioll. lo ir" d<t!C of _ 
rs:--.m:. ;ll!d 11.1 lhL· !OH,'I that rl.'prinlln_l: prrv1kgr·.., WC!l' ¡.:r:mtcd hy pn­
missi111l c1f tllc A~ .... ol.'iatinn for·Compurin¡: M;rrhinny. 

This worl-: wa~· panlv supponL"d hy th.: Nllti;~n;d Scil·rH.:I.! Founda~ 
tion undc1 ~rarrt MCS75~1JlJ9(13. Arrrlwrs' adlhcs-.;; ('rliU]IUter Sci­
cru:c..: lkp:ÍrllllC'•rl. Univ~.:rsity uf Ui01h, S:dt L:rl-.c l'it~·. lltah S·lll2. 

A n:rsion 11f this pupcr ·w;rs-prL·~entcd al lht· Sl(ii'/ .. 1\N/SIG­
MOD Cunf'-·¡~n~:~! l'IJ Pa.f'a: Ah~tnn:tinn, DdiniJion. :uHl Structure,. 
Salt La k e City, \J1ah, Mm eh 22-:-!4. 1 !J7h. 
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A datahas~·is a dyni~mic modcl of a :-;y~r~·nl_-:·1 ,~-~. 
hap~; ·a ph\·sical s)·stcm such ;¡s a car-hody_ nr ;t:l,'l'\':•,·••. 

zati•111al s;·stcm~ su eh as a .cit y 1n ;u1 indu~t ry. ·¡ h:...· n;, :,¡, . 

m'usr providc- Hlr: ' · 

(i) ·a concisc. undt•i·srandt'l-·lc i'L'J1rl·:;t'llt;dinn. pf 1¡, 

- 'srillc of tlic syslL'm ;:¡t ~tny tinll.'; 

(ii) ;·nicient ami IJigiJ-/i•rd acccss ló infonn:"''"'· '"''' 
(iii) sim¡>le ancl n>IISÍ.,Im(updalc as thcsyslc:n chan!:<·. 

statc. 
In [l-3) (:odd dcvclqpc9 ·'rél<!tional _m~~d-~is ;¡p!:· 

showed thcir advantat•.es of rclatively -condsl.: rL·jin·-.~::\ 
tal ion. b'igh-levr.:l infnnn:ttion acccss a'nd.simpk tq;•.Lrt 
ing·. Thc ~¡ucstinns nf ihL· t_llldcr!:otandahility, cJ'fici~·n'~ .... 
and'consistcncv nf n.:l<ttional rnodds havc not \'Cl h1·r:J· 

fullv resolved: As Jcvcloped hv Codd, a r~l,ri.,n:d 
_mo;fd consists of a flat (nonhicr~!rchic) col.kciion nf !1· 

ary rclations: As· Schmid ·pq P'?-ints out, thc1-.: ·¡_, nf¡._,,, 
diffieuli\· inl111dcrstanding how a CllllcCtion of rl'lari•n!~. 

•' ~ . 
is a...:fuallv modding thc underlying systcln: Funhcr­
morL Sd;mid disco~;l'rs rh_at it_ is difficuli to f._..lrnnd::lt' 
nCneral rules to {.!umant..:c thc ·éonsistency of the eolk,·--
~on nf rl'l;llions._as thcy are updatCd. ·. . · 

Jn·rhis paprr our prinCip:d nbjcctivc is tn incrl';~ ... ,­
th-; unJcr~rand;thiiity of rclatilm:d m()(kls h~' tiH'-illlj)ll· 

:.;ition of :Hidilion;d scmantic ~;tructurc. This !:>i;·uctu;l.' i:~ 

l!n.; mini111u111 lll'l'l'Ss:rr~· lo supjwn Olll'- kind uf al1.~rruc­

tion thai peüpk secm·to use in conccptualízin.l! thc ,~..·;rl 
- world. ·By ahstr<H:tinn wc nH.'an thc supprcssinn· or ;lii 
Uetails about so me objcct (or ~1ctivity) _c~cc.j·H ÚH lhosi: 
rclcvant tÚ thc undcrstandinc of so me .phcnúnH..'n;¡ n! 
intcr...:st. Thc particul<ir kinJ ~lf absrraction .undcr con­
sideratión !nmsfor;ns a rclntionst1if) bdwccn_ Sev_L"ral 
namcd objcr.ts ~nto ;,1 (highcr-lcvcl) namcd:obj'cct'. w~· 
call tiJis kind of ahstraction ·'aggrcgatión·." \V'C inlrn~ 

ducl· thc n~tion nf a ''wr.!ll-dcfincd'' n:lation',l:-. a re-!;¡. 
·tion which repn:scrlts an agg,r~g~l·tion ahstractic;n: 

· This nútion of "well-defin~clncss'' providcs a framC­
work within whü.:h to considcr tl1c _ cnnsistcrH:Y ·of ri:b..: 
tion:il_ modds. \Ve shtn\· that two propcrtil's of rt:!:l· 

tionnl modcls Jnust remain invariant' during ·upd:rtc o ¡o· 
er:ltions. These invariant propcrtiés must ]1(.; s:\li:.ficd 
by al/ rclalioncJI ·modcls (which suppon.ag:::r..-.~_:atit)!l! 

ir-respective of 'lhe qualiÚcs · of th'c sys_L>.:.In ln:ii11: 
modl'_k:d.-111 gcncr.al, a modcl of a particular rc_;d:-wodd 
systcm will n.:quire that additional ir)variarlts be- main­
t aincd. 110\H'Vcr, t hcse !u lt~r i nvn riants are dqK'tHkn t 

nn the peculiar naturc of lhc.rcal-world sy~tcn1.· .--- -- · 
Wcll~ddincd n.~lations ~re di:;tinct fronf Tclations in 

''thinl norm;!l fnnn .. (3NF) r4J. \Ve show ,lll;¡t SOllll' 

wcl/-{!dinl~d rci:llions arc··not :1NF rdations arHI vií..'c 

\'L~rs:1. Esscntially~ wcll-dcrincdncss is a ~t'n~ngL~r :--~~­

nwnlic notion than 3NF; howcvcr, 3NF pl<lCcs sll'ongct 

c¡Hiditions nn thc cxtraction nf rcdundant infonnation. 
\Ve suggc~_l 1h:11 thesc noti_ons are complcllll'llt<LI')' :n1d 
that thcy <Ht..' both impurtant in th!télbasc dt.!Si!-',11. 

\Ve inll\a!u::c a ncw. data typc (thc ";lf .. ~:rcg;.¡lc·· 
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;rpc). f• ,¡-. spc_cifyi0g. th.c si nrcttii~C- nf rclatio11al modcls. 

Tllé a¡•.grt;gatc typc is L'.\plicitly th.:sigru.:d to ~üipport 
~·g¡_:rq::•tinn ahstra_ctior~s .;rml is in kci.:ping \VÍih thl' 
principks of dala ;.bstr;u:rion la id dnwn hy. 1 hiarc j(•j. 
:vloll~.:ls d~·.-.;ir,ned h~· usin~. aggrl·gall's currsist üf'a hil~r­
;¡rchy of Ú-ary rclations--not a ltit coll"-'<..:lion of n-ary 
~c.;latioús·. \V t.• lkvl'li1p :1 top-dnwn fllL'Ibodnlngy for llll~ 

· dcsi~n-of 'süch·nwdds. In this llll'lhodology wr J~lini­
mizc thc iwmhcr nf dctails with which ;i lksigncr must 

·l:~;ntl'n_d al onc til~1c. ;\ pr,ncipal k:rtuiT of thc mdlwd­

ultl!J\ iS 1 ihc scparation of decisions COIICL'Úling moJel 

structim.:_ from c.h:cisions conr.:crning .\NF ami kcy idcn­
tifi¿·;¡tioi;: Thi~ Sl'p;¡r;rtion simplifics l~oth activities. 

In S_c·l·t_ÍOIT-2 Wl.' introducL· thc nntion of ;1~grt.'g~11inn 

and ~k·vl'lop a typc dcfirriti<~n LlL'ility suitahlc for ~up­
_pnrtit.lg thcSc :.lhstial·ti(lJ_l~. \Ve tr~L' a synta.x in thc stylc 
of Pi\:--:( ',\1 7 ll:!.ll'o_r typc dcfinitions. SLTiion 1 d~:Ycl­

·nps tht.: idCa of wcll-ddinl·d rclations and discusses 
ihl'ir pnlpt~rtit:s ·\~hich lllrrst rcmain inv:triant \lurin!!, 

'. 
updatc oper:ttions. \\'cll-dL~fincd rcl~ttions are Ctllll-

p;tn.:U lo. JNF n:lations anJ scvcr:ll conclusi<)ns are 
drawn :ll)()uf databasc dcsign. In Scction -la mcthodol­
ngy· for data hase 'dcsign is dcvclopcd ami applicd in a 

nnntrivi:d cxarnplc. Scction 5 is a condusinn. 

In addition ttl Codd and Hoarc, this work has bccn 
inllllcnrcd by !he wrili11gs of Scnkn.]<J] ami Liskov ]7]. 

lt i~ \~·en knov .. ·n that thc real \\'orltl c;tn be tiscfully 
·it:~<;d~-kd·'jn térrns· of two typcs of prirnitivcs: cntitics 

·.'urd rcl:ttio.~s. Entitks corr"-·spnnd lo rcal-\\'_orld ohjccts 

whir.:h 'c<ul· he reganlcd 11s indivisible for llHH.h:Jing. pur­
iulsl:. l{t:l;;tit111s úrt.: a formalization of n.:lcvant rcal­

~'l:orld l'l'i:•tionships in whirh thc entitics p;1rticipatc. 
Tl~i~. · viL"wpoint has strongly influenccd tl!c devclop­

mcnl ol holh thc dal:¡hasc ]5J and i\1 jl.1j fidds. 
¡,) 11;1~ paper we propnse a slnHl~cr nu.:tlwd fnr rc:tl­

w,lrld- rll¡l~h.:ling h;L'iCd on ·a single typc of prirniti\'t~: 
:•!-!~-~rq•.ation .. Arr a1:gn:gation is :n1 ;dlstr:tction whi~·h 
alhl\\·~ :1 n:-latÜlnship hl.·twt..:cn namcd nhjects lo he 
;lHHI)',h! nf as a (lri!;!il..'r-kvcl) named. ohjcLI. For cxarn­

¡'k. a n:rtaill rl'l:'llinrrship hctwn·n a ¡K·rson·. a hotel, a 

1onm. anda date may he ;thstractcd <IS thc aggrcgall' 
t•hjcct "r~·~crv:ttion .. " The namc "r"-·servation" may he 
trscd wilhout hringing lo mind all thc t!l·tails of thc 
lllllk rl yi ng ,-re lat ionshi p. . 

/\,!:grcgatinn is conm~only uscd in. nal'nral l:lllgllagc 
ltl ..... im¡)lify tl!l: cxprl·ssion of cúmpkx relatinnslrips. 

( ·~,n~:idt:.r. for c.~ampk. thc following r~l:rtionship: 

l'upil f' ll'<",·ivó! a gr:rdl· (,' ii1 ad11n· of IIH'Cf'llr.\~· ntrtnhL·retl ('# ,,·itl1 
( 'Jf <rc.Jit ·tu.HJr~ arnl d_c~CIÍp!Íon /) laughl by in-...11tt•:1ut ·' dl_rrill)-!. 
s.:ru~:·,t<:r ,\· iu i<~OIIl U. 

T!ti~; cnuld ht.: thouglrt of :ts ;tn X-ary rdationsllip ;nnong. 

th<: Phj•.:ds n:Hill'd hy /', G~ ('11. Cll. n: ~-S. ;¡nd /\. 
! low,·\·~.:r. Íl is "¡¡,)¡ :rt :tll cit-ar wh:tl this n·l:•tio11:-.hip 
tlH_·:tn~; --· nr more p¡_·t:t.:i~;cly. hl)\v 1 hi:-. r~.:_bt innslrip.c:tn hL·. 

:·J~stractctl a!" a n:_uncd ribject.. 
Clo~cr scrutiny rcvcals that \\'C have_ actually uscd 

;¡:--;grcgation 1\\-jCl.' ·in the staiL'n~c'nt of thc re!ationship. 
'J'hc tHHtn "nHII"Sl.' ... i~ ·an ag~r~.:gatitH~ of a rclationship 
:nnon;! C#. C/1. and _[). The ·noun "c!Jss·· is ~tú ~_,ggre­

J!atiou uf a rclationship anwng a C(Htrse (say· CO), /,. 
~1ml R. Thc statcd rclations!Jip can thus iK sim¡,lificd tL. 

a 3-ary rclatitmshi_p amoní! a d_ass ·(say CLI. /', anJ G. 
This. relationship can. itsdf be abstractCd as the aggre-
t•.:rlt; ubjcct '"i.~nrollincnt." . 

Aggrc·g.ations can he dcfine,J_ u:-,lllg llo.llt..:·s struc-
..... . .• l 

tllfl'S. hn:cxamplc. w~: can_ Ucfine "cnrnlln1Cllt as a 

hit:rarchy of 1hrcc rCcord typcs: 

t~·pt• l'lllollrnl'nl .ce record 

tn•c rla~~ .-.· rennll 

P: purit; 
Cl.: cl:lss: 
(';: _!!radc 

l'l1d 

CO: coursC; 
S: so:mcstcr; 
/: in-...truclor; 
_U: room 

cnd 

type nmr:-<c = rc('urd 
C#: numhcr: 

C/1: crcdit·huurs; 
IJ: t.Jcscription 

enrl 

Notil:c that in ca eh dcfinitinn the r.:nmponcnL obj_ects 
are alfrihl{fes ni' the ohjcr.:t dcfincd. For.Cx;lmpl~. in thc 
ddinitiqn of "cnrollmcnt'" wc ha ve: P ls the. pupil who 

is c·nrolkd. CL is thl' el as:~ ·in which he is cnrollcJ, :tn 

G is thc gr;alc· he recei\'Cd as a rcsult ul_ cnrollmt:nt. 
SinCl' '\:nrolil.ncnt .. rdcrcnccs "class." \\'C ~:ry ·~cnroll­

mcnt .. is an a~gn.:f._atl.' l)hjcrt at a highr.:r lc\'l-:1 of ab­
str:.rction th:111 '·class ... Similarly.·"class" is at .Ú ltighcr 

lcvci of absi,Í"aCtÍOI1 than "COUfSC." ;\S WL tlHWC J0\\_'11 

the ahstraction hit.:rarchy. we cncountcr more and 111orc 
dl'tails \\'hich ultilll<ltt:ly ilcrli.Jill to "cnroJ!nll':lt ... 

lJn!ortun:rtl'iy. tf~L'I:L~ an: severa! prnhkms ·sith thi; 

structurir'lg which art: p::rtictliarly acule in a databasc 

"-·nvin\llflll:nt. Thcsc prohkrils are r.oncerct:d v,:ith th~ 
naming ami al'C.l'Ssinp. or f)bjccts ;:r.nd also- with thc rep­
n.:scntation uf oh_jcct:> :tl lowcr im¡11cmcm~rtion lcvcls. 

LL·t':-; a.~snmc a univcrsity c(mtcxt in \;~·hich therc are 
1~1any in~;t:lllccs of cnurscs, class~s, and.enrollmcnts. 11 

wc crcall' ;in instancc /:' of cnrollm~nt (as Jcf~ncd 
ahov(:). wc nbtain ~~ hicr~lrchíc objcct whicil cmHains a 
dass anda ÚJUrsc. NlJW a particular daÚ1hÚsl' u~cr may 

only be intcn.::stcd· in CUJJrscs. which are independcnt 
ohjt.·rt.-; iwthcir uwn right. How~.:vcr, lllllh~r·tlú~ pr_est'nt 

sl"ilcllll' ._ thc uscr cari nnly access conrses··\·ia enroll­

lliL'Jlls and classcs--for- cxamp!e, . by. writing 
"/:·.cr.co·· .. Ti> acr.:css courscs tlircctly, he wouiJ nccJ 
tn crea tc Senara 1 e insta nt:cs (_)f • 'r.:ou rs~.: ... _ Un fort u natcly 

this wmJ!d Cause cnursc rcprcscnt:~tions .to be dupli­
L';IIl'd. Sudt d~tplication <Jc:cu_rs anywa~· whcnC'.'l.'f th' 
s:tllll~ t·oursc p:rnicip:dl.'S in s"l··ver:tl ~.-~:::;~es :tnd/l1f L'L_ 
mllrtlL'lll~. Not unly docs thi~ w;:rst~,; s(,_>r;J¡_~(: <pac~ at th.: 

( ·, •nr:nunictr itlll~ · 
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n.:prc.•;cn_tiltion leve!. hut Íl ;liso inlrod!ICl'S prohlt.:nL.,._of 
pos~;ihk incmlsis¡,·rH:y. 

Th~Sc prnhkrns. ~o.:;nr !~~· _p~r;·tially ~lllcviatcd if 
pnirricrs tl/T ;dlmn:d. llo\'h'V_cr. pointcrs introduct><rp· 

oli~>T :;t.:l of prnhlt'IIIS. Pnintl'rs are ohit:l'!S wlliclr ha\'C 

no J'L'td-world :rn:tlt,_l', :rral sc'rvc 111 dr;¡rntilic:dly inneasc 

tllL: ~·umplc'.ity of d:ttai,<~SL~ irllt:r:rclillllS.· ldc:ll!y \\'C 
would lik.: :.1 n:trnin¡..: (:tl"l.:_~._·ssill!'.) ~tnrcturc "'.:hirl1 rt·.li~._~~,;ts 
n;rttJI':d l:nrgr~<l!'.c. \Ve Wturld lii,l: t':tch-ahstract ohj0ct to _ 
!h:·uniformly ;JCCt"~Sihk indcp·.:mknt nf its lt:vd nf ;¡h­

~l_r;tc1ioll. -~\'t· would lil-.c :t otrL'-IO-~lllt' C~J,ncspondcnn: 

I'Ct\\·cl:rt ;th~ll::rcl t)hjn·ts ;rnd tht:ir rcprcsc:nt:tlion inthC 
· dat'ah~tsc. · 

In· n:lllll<ll l:nt¡•.u:tgc. if \\'L' want lo tdvrcm'l' ;111 

ohjt:\."1 wc supply :r sut'!'iciL~IH rwmh_·r of its :r!trihutcs to 
idcr!lif~ !t uniquciy. 1-"or cx;r:npk. a coursl' rttllit.ber is 

nti;rir~tl/y ..;ui'i'il"il'JI[ ltl idL'!ltify ;¡ CtHII'SC, ;¡ COll!SC lO· 

gctlrcr with a St'llll..''-~cr i~.; tHJI"Ill:ll!y suffiL-it:nl to idcn­
tify ;1 class. a m! :1 cl:::;s lll,l!l'lhl'r witlt :1 pupil c:rn i{ll'llli!"y. 
a:r cnrolllllt:IJI. In ~:'.t'llt'r;!l, scvnal difkrt:llt' Óllnhina­
lio·.l~ of attrihllll'~ t':!Jl he nscd to uniqucly idl'lllify an 

':rhstr;Jct o!~jl'L'I. 
This olht:n·;JiitHr Sll_:_!V.l':.:r:; th;r! whcrh.'\ ~.:r WL' dcfi11e 

élll oJI,:;Jr:.Jct_ uh_h.:ct \\'L'- should ~pc¡·ify ouc s~th:'L'Í {lf its 
:llt·,·ihutc~ \-\ lr!ch c;rn hL' u:;ed :rs :r unique j¡f..:rllil'il'r. 1-'or 
t'-:\ampk .• wc nJoty ddinc_"cour..:,e" ;1..:,: 

~~-fH' t.'nu1 ~e 1-i~¡_:rq~:lh- [ ( '# J 
Cll :· rn11uhcr; 
C/1: t.'tnlir-hours; 

1>: ¡fl!~nipii<in 
t'rul 

\Ve use ":1:~rn.:gah.:," r:tlhL'r tiran thc Wt:<ikt·.r tcnn 
"rcc<Hd," lo indica!c thal tl1l'- dd'inition is intcndcd to 
s:tpport an tJ.!.!gl'l').'_ation ab<.;tf:trtio:J. Th_c squ;1rt.: hmck­

cts :1rc uscd to dl'!itnit thc sckctn~s for a set tif idcntify-­
inf, ;rttiihutL'-:-.. \VI.' call this Sl:l ()f identifying ;JIIrihtiiCS 
tiJl' i-.:cy of lht' ;;ggrcgatL'. 
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To dcfi1~c "cl:iss" wc rdL'n;ncc "cour:o..l····,- 1:1 Íh.; 

HowCVt'l', WC want thcSc fl'fl..'n.·úi.:l'~ 'to r:lli\'_<..: ll'. e .i 

keys of ácfllal courscs. Thc rúngc _e~( lc·~:·d ¡__·,.,. 
woúld fw spt•cifit:d hy thc ty¡1-L' d~trniiio11 ft;r. ,., 

hcr") m:1y he mucl't largcr than th( ~~~~~~~.~ ;),-,1, ;,. 1_1/ . 
for coursc_s _cxistin¡_: <JI so me _time. \\\· m u•.:. : 1: • .';··.- • 

.:-.p~:cify thc sct 1 ,\-·hi~-11 is lo contain thc.actu;ilrt;tll..,,_ .. 

\':tr t.'cllJI,I.:!>: rollci:tiun uf nlllf\0.:. 

\Ve a~:sume" that _"cnrtrsC!\ .. is m:.:~intainl.'d. ¡,\. in·):;. 
;wtl d• .. :ktion opcr;ililH1s·. '\O thal it l'(llll:¡¡p~ ;ill (r. 
v<lllt) courscs at all times. 
\Vr c:m now ddine .. cb~s" as followS: 

I.''JlC o.:LI" '~ lrJ.a::rc¡.:atc {('~,S) 
C#: Lcycnur~l·s: 
S: SCillC.~ICI; 
/:'imtrudtH; 
R: room 

cnd 

This dcfinition states thatlhc C# cornponent of "d:._. 
can take on as a va_iue ;¡ny kt.'Y nf a c'omsc <..'l!rrt.·!· 
inc-lt1Lkd in thc coi!L"ction ''cllurscs.'" 

Wc c~tll .now LkrJ;rrc :1 sct which is lo corllain 
da'-iS('S of inll'l'l'S( ¡¡{ ;¡lj tilllCS: 

Objc.cls of typc "ctHilllmcnt" can now be ddincd: 

fypc cnrollmcnr ""' :r¡.:t!rcj!:llc !P. (Cfl, SJJ 

/': pupil; 
(Cit. SJ: kc)' cl<bscs; 
G: grado.: 

l'fld 

Noticc t
1
hat thc cómponcnt whirh n.~-fcrc'nccs ¡_.¡:¡;_...s ~L. 

has 1 he "rom.posin.:" selector ( C# ~S>. Sin ce a ¡;n pi l. :1:· 

;r class are hoth rcquiri..'J to idcntify.an cnrollnH'Ilt. ,;. 
cnrnllmcnt k e~· is f P, ( C#. S)]. Fin;¡ I/ y, wC can dccl:,. 
thc_ set which is to cont;¡in all c'nro!Imcnts of iillercst: 

v:1r cnrollmcnts: cflll,~rfiml of cnrollmcnt. 

. Figure J i/lustra!cs IHlw lile- collcctions l'tlur,.,-
. dasses, ~:n_d en;·oihnl'nts nlay appc:u ~;, sor;1~ tim­

NotiL'c tlwt Cvcry CLHJrse key in :-:ti<!Sscs" occurS ; 
-"courses .... thongh not evcry coursc 'k e y in '·'L'oi!J'~:..·.-.· 

occurs in "classcs ... \\'l~ end this scction by consicJt:'¡ i•· 
tire st.:mantit: cnndi.tions ncct.:ssary for <m n~!~reg:tll' 1y¡ 

to he "wéll-dt•{innl." . 
Sttp¡_H~st·~ wc (k· fine ;:rl aggl-egalc typt T-with L·omp~· 

o~·nt I_YJ,l'S TI,. . Tn atHI.h.:y /. Tn be mc;Jnin¡•_i"¡¡J 

~:nd cadr Ti must t~t: n:ttür:d-languagL~ nou~1s. ::!1-d ;f 

<kfinitinn ~huuld l'XprcsS an a,eg~cgation absiJ:¡ctic::· 
ahout ·tllt:. ri..~:d \\'nrld. This rcquirCs· tllc dcfinition ¡, 

s~1tisfy l\\ll ronditions: · 

(i) Eac_h rcal-'\vorld instancio! of '/' must dct~._·nnint: :• · 
uniquc insta1_1cc llf l~ach "ti. 

(ii)- TWo u'istinct rc:rl-world iÍr:-.t<Jnccs of)" l!l!t-.1 r;t-¡ 
Lk-tcrminc thC S<IJliC illS!;111CCS pf Ji" for all '{i. ·_wllo~L' 

sekclors ·are in /. 

1 \Vt• usl·lhc !t.'llll "t.·oth:ctilm,'' rath~·r than •',e!," in Íyj'l' ,h:!t_!l 1· 
1ions tu avoid ronfu~ion wilh \he i.·l·ry sp..:citic I'ASCA!. lh•IÍolll ,,¡ ~~-: 

Ccllll11ltllliCalitHIS 
of. 

tih'. ;\('~f 

Junc· _llJ77 
Vtlluucc"20 

.Numh.:( 6 ·:. 
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e· J·i( :!. Syril;tx s~rnt:na;y uf ¡¡~:gregal~ definilio~s. 
1)'1'~ ,\ "" a;.::~n:J!üle _lsdeCinrlisl! 

'L{key}TI: 

.\11: {key} Tn 
cnd 

whnl' (i) Ti i" eithcr_a wllccli()n idt·ntilkr-(iu ~-hit•h CHSl' "key" rnw-.t 
· :tppcarf or'a type ükniLI"icr (in whid1 ca~c "kry" mu~t nol 

_ilji)'CaT_) (ii) -'>dC..:torJi-;t is a ~~4ucrH:C nf si's ~cparlllcd h~· 
CDilllll:tS. 

•, 

' ThL' rir~it dúidition guarantccs that cac!l n is an attri­
hutt: of i". Thc sccmH.l condition ensurcs. that two real-

: wnrld instanccs·of T e<.1n- he distinguishcd by rhe values 
ot' tlu.:ir k e y_ attributL:s. \Ve say that :111 aggrt:gatc is we/1 .. 
rl!'fionl il' its, dcfinition saÍisfics both thcsJ scrnantic 
·rl:: •. litinns. 

'Jit~:_ :J;:.:~rcg;ltL·s_ rotnse. cbss. <tnd eni·nlhnl'Itt are ;di 
y.··~! detinc<i within thc· u~ u al univ.c.:rsity contcxt. Asan 

'-'~~u~~c.~!i:_a dc!'inition th;tt Jocs not llll.'C.:I th.:: first 
.. · :diiil)!l·; cunsi.dr.:r: 

'\ )H' ,-]:1~~ ~" J!;•::H'j.!llh: [ (.' if, .\_1 
'(.'/i: kc)· ..:ourscs; 
/': pupil; 
S: ~enH·s~o:r 

:·;1 11ic:L· th:11 in thc rc~1l world a spt:cifk dass dncs not_ 
·'nn~·mally) determine a uniquc pupil in alh.:ndance. 

·.'\san ~x;lmplc of a dcfinition wl!ic.:h f:Jils thc sec(llld 
. ·,~~-~di 1 ¡;JI~ • .:unsidc r: 

O~gre~ale f CH. F._l 
C/1: t:r~·dif .. hnurs: 
··/~:. nmx--cmollmc111 

cnd 

.,_:,nin: tlwt in thr_' rt'al world Sl"Vcral distinct courst..:s 

'11,1-Y lr.a\·~· tl!c\amc:: l'I'Cdit ltours and tTwximwn cnroii­
:IJI·nl .. H w•: ;in~ rt:idh· inl•.:rL'~,tcJ in coursc:s pcr st.• th1:11 
-~· :--.lu;uld Ílt' particul;~rly n111ccrncd ahout altrihutcs 
11,·i~ disti•;.r1lish cln11sr..·~; :ts individuaiS. Th~ ;ti1SCIIL'L' of 

' ,..__¡, :1t!rii•oks indic;t\L'S wr: are intcrl·stctl inst.:ad in 
·1:11:: (ohniiL:) rclatio11ship hctwL·t~ll thc crcdit hours 

··-'''ll':~e~; :1nd .. tiH.:ir n;axii!lllfll cnrollmenL This f'l'h'· 

-\::;.hip :--.iH)Illd be _ahstrat:tctl :ts.an :IJ:gn:gate .o!hcr 

/u hgurL· 2. IIH.: syntax for an aggrt:galé ty¡K· ddini­
•lll is summ:trizcd. 

1\'l'li-Dcfin~d- 1\dations 

1 1l 1 he prcvious scction wc intrndu~,.·~d aggrcgatr..· and 
•1!.-,--¡iol! I_'.'J'CS as ;¡ Jllt:thod for stnocluring W\Hlll, 

·Ll,¡. ~~- .'\· collcctio11 of'af.!grcgalc ohjccts is_ an n-ary 
1-lii•.H~ intht• scm;c úf<CmiJ-111. llowcvcr, Wt! shnll 
'li\' .. lhat son¡c n~:n·y· rclatinn.o.. are nnt coÍicctions of 

..-· ,.',·!inl'd ;;gcrcf.'_;¡~t_•s. \Ve shall sav that ;¡ n:lation is 
·. i!- dditlcrl';·'¡¡· ii is ;t.c:olkctil;ll nf '~·cll-dcfined ai'Pfl.'­

r.· \\'l· :.ir;!JIII~C !lt_c lt'l'lll:•,'."ag!!.l'l')'.:t_ll'" and "lt·l;~~l.' .. 
.. _ ,, kttl(_l':d:ly. In¡¡¡¡_.., Sl.'~o:tion \\'l' fi1:.i \'Otl:-.id,:r invar-

iañt prop~rtics of well-ddincd relations anJ suggcst 
rcstric_tions t_>n 'updatc -~>r~r:JtiiHls to prc~cn·e thcSc 
J)rl>pcrtit~S. s._~conc.l, wi: L'Oillp;in: thC nntion of a wdl­
dcfincd rclation with that of a rl.'lation in thirJ normal 
form (4J. 

Codd JJJ has proposcd a se< of high-lcvcl opcralors 
for transforming relation~ into relations. Thesc are 
uscJ tu fL'triC\'C information from a rclatiomii datnbase. 
Opcr:Jt~Jrs are also ncccssary to .insert, Jclctc. and 
modify tuplcs in a relütion. Such updatc operators are: 

im!'lf(r, l): 

dr:lnt'(r, k): 
modijy{r, J.., t): 

cnh:r tupk- i into relation r. 
remove tup\c with k~y k from relati_on r. 
nil';dify tuplc with kcy k in rclation'r in accordancc 
with tuple t. · 

Jn practil'C, it is often ncccSsary to allow tu pieS to have 
sume componcnts with "'blank" values. 

1\t any time. a ·st:l of wc:ll-dcfincd rclation's Will 
sa<isfv !he following propcrtics: (i).all !u pies in a rcla­
timt will havc unique kc~is, .and (ii) if thc type of 
cumponent.'' nf tu pie 1 in rclation r is key r' thcn t.s is 
the .k e y uf somc tu pie in rclation r'. \Ve' c_all tl~ese t\VO 

con di 1 ion s n~/ m ion ni in 1 ·aria n ts. 
Esscntially. thc relat'iunal invariants COnstdliÍl a ·re­

lation tú r~:prr..~sc~t a collection of itggrcgate objccts.· If 
\\'e w:_1nt lo suppnrt abst'raction. thesc in\·afbnts should, 
he satisfied hy e1·cr.\·. n.:bti.on in a world-nlodr.:l iifcspec­
tive o_f tl!c rartic~dai kind uf aggrcgatc"collection._ 

Tu m~tintain the n:lational invariants, cert:Jin re­
. strictinns must hi.· placcd on updatc opcrati01~s.- A con­
scrvatin.· SL'I of i"cstrictions is shown in Figure 3, Un'der­
thcse n.:striLtions llpJatc opcration.s. will preservl.!· thc 
rel:ltion:il invariants; howcvcr, rnany céJiiCct (rd~ti\•c 
to tltl· \\'orll! hr..·ing- rTiodL'IeJ) ü'pdatc opcrations. will IlL>~ 
hc.:: allnw~:d. For cxample, a_tuple cannot'-bc -dC!dCd 
from a rclation uÍllil all tuplcs rt!ferencit.lg tht! t~plc afe· 
thcnls.:lve~ delctcd. . - · 

To maintain thc.:: rclatiunal inVatiailtS mid all(lw all 
corrcrt u¡HLttr.: l)pCrations to 'be pcrformcd. ú' scli.cillC 
\\·ltil'11 ;¡utoluatically prnpagates updatc opcrations 
thmn!!h the sct nf rclatinns is ncce·s~ary. Fór cxidnplc, 
dt:kting a tupk c:HJSL'S al! tup!c~ which rcfcrcncc it to 
hL' thcmsl'lvcs.d<;lctec.L Su eh a ~Chcme.is invcstigatcd in­
JIOJ. Thc dis:1dvantagc of this latter approach is thnt 
pollntinn causr.:d by incnrrcct input data is rapictly and 
~11\'i:--.ihly propag;1t~d tluoughout thc data hase. 

( )ne n itcrion whicll·shouiJ be consider~d for thc 
impkm~.:ntation of rel:iti_oris is that thc updatc rcstric­
tions can he l'hcckcd Cfficicntly a~ -the time updatc 

_ opcr;1tions arl.' pcrforincd·. Thi$ requircs that thc fO!­
lmving tu pies he ca~ily acc_C~sihle from :1 tuplc t: (i) the 
tuplt::-. \\'hich t rcf~:-rcncer,; and (ii) thc tuplcs which 

. rcfcrencc t'. l_'his rcquin.:mcnt can he m~t-.by ¡,~ple-­
mr.:nting rl'lations tlsing ··owncr-coupled" scts [ 11 ].; 

\Ve now contrast our n_otion of ·a "wcll~dcfincd" 

~ \;1 -~-~~~- 1L'fll1in,l1nt-:_\· of [ 11 j. ~ collr:cÍto'n T uf ag~r~gatt:~ of ty'pc 
A (~ú:- H!~lllc. ~) h;¡~ lh~ f¡¡l)qwing own~r-cmrplcd :-.l'l illlpkmenta­
' ion: ! 1l dt'd.tJl· a H.'\'tll d 1 ~ P'--' Jor '/' :1nd abo tqr r:<Kh coikctinn Ji. (ii) 
tlL~d;,r,- :¡ ~~·1 I~J'L' !\li_th •l\l.llL"l li and llh.'nrber T¡ I1Jr cach Cll!lection 
n. 

(_'llllll1lUlliL"a'i,m.; 
of· 
llil' :\('~1 
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rc!ation with Cod·d;s nntio1~ \lr a ''fhird·IH1rmal :ri)rrn" 
(3N 1·} n:!at im~. Hot h. t IH:sc not ion:-; ofll'r ·critcri~t .. for 

what is or is rHll ai·1 act·cptnhl~ n:!ation ddi_nition'. 
\Ve first define ~NF. l·;mmlht.: mc:tnin~~ nf :t k e·~', it 

füllows tllat tiiLTL' is a functinnal cnrrl·spnndcnce he-. r~- . . . 
. , twet·n lhL· kl')' compmlt:nts t~f a tupk <llld thc rcmaining 

t:o!llpnÚL'll\S. In nthcr ,~-~~rds; ft¡r l';1ch b·y (dcclarl'll or 
undcdarl:d) of a rl'latíon. l:n:ry COillJ1tllll'IÍ1 in a tuplc is 
"fuiH.:tiol;úlly dcpc11dcnt" o11 i!11.: kcy co111poncnh. ¡\ 

rclatiót\ is in 3NI: if thcsc :irl~ thl.' on/y l"unctiolli.ll <.h.:­
pcnill'IICic·s hL·t\n.:cn its cunlpuncn!S. 

Corl~'\Íder tll<.~ ~clation '\:lasscs" th:fincd in ~cction 
. 2. This rc!ation nwy or m:1y not he in :lJ\IF. dcpending 
on thc lliiÍ\'L'rsity context. ¡:or cx:unpk:. snppo'le thcrt~ 
i;: a reg~~l_ation that an instructor lllusr :_dw:tys kach al! 
his cours\..~s in tlu.: samc room. This n:guli!tion implics 
that the_cnmpúnc1lt U is functionally lk¡tcndcnt ~m/ in. 
thc n:lation "c/asscs.'" Altnnativc.ly, supposc tlterc is a 
ri..·culatinn that :ul.instructor :tlw~1vs lcal'hcs onc :tnd thc 
~a;11c ¡;.ourst·. In ihis casL tht: co-Hipolll.'lll C# is func­

tionaliy dcpctHh:nt 011/ in thc l"l.~latio·n "t.:lasscs." Sincc 
1 (:.done) is nnt a kcy of "d:t:<"l.'s," thl' cxi::tcncc of 
t..'ithl.·í· of·thc~\..· two Tunction;d tk·pcmklrcics prcvcnts 
"cla;\SL'S .. rr·om heing a JN F relation. · 

.--\Vhl~Íl a relittion is not in .1Ni 7, tllL' p1cscnec of 
"cmhl'ddcd" a.!!grc).!atcs is indicatcd. Fo1 cx:tmplc, if /? 
is funetionally dcpemk:nt un 1 in "cla~:s." this indicatt:s 
th:lt thc colltJlOIICllt.s "instructor" ;nHl "room"to!icthcr 
form an intkpcndcnt ;.1~~!-~.l'i..'g;IIC (with kcy 1) which is 
t•mhcthk:d in "class.'' i\n cinheddcd ;¡!:~,t;rl'gatc which 
rorresponds tu a use fui "ahstrat·tion should hL· rcnÚJ\'Cd 
from it~··"hnst" and lkclarcd ,;s :.111 imk¡lt:ndcnt aggrc­
gatc·. 1\ rd"crcm:c to this :1ggn:gatC múst he inrHILkd in 
thc host .' Án emhcddcd :1ggrcgatc \vhkh is rl'taincd in 
its hust may cause duplicatiun of infonn;:~tioiL This in 
tufn fcquirl'S spccial t¡1rc to cnsurc that updatc opcra­
tions maiiJtain consistL'Ilt.:)'. !f all cmhcddl'd aggrcgatcs 
arr removed, rclations will h~ transfonn..:d to .1NF. 

\Vhcn a hicrarchy of wcll-dcfincd rd:1tions is hcing 
lransformcd to 3NF. it is suflicicnt lo nHl\'~~ functionally 
dcpendt.:nt componcnt\ down the hicr;¡rci_JY from onc 
rcl:.~tion to anot her. New rcl:1ti<~ns will l)nly he 11Cú'S·· 
\t.lfy WilCil t..'OillJH~I1CI!IS íll\.' lllU\";..'d dl)WII lo !he ic;tVCS úf 
the llicran:hy._This fllPVt"llll,'lll nf t.:nlllJl(\lll'llls docs not 
alter tiH.: nmw·1· of cxi:;ting ah:--:r;JL'IilllrS: hm\'L'VLT. j¡ 

111ay forn.: changcs to tllc dccbrcd key of Sl'IIIL' "rcb­
tiotis.-Fur L'Xampll', gin:n th\..· fulll"l inn;d tkpcndcncy of 

¡:¡¡.!. :-1. llp.bt..: rc:'>trininfl'> In pr<~'>t't\"l· llrc ¡cl:llro11;d in,·:ni:tllh. 
---·- -~-------:--··~--~------·--··-·¡ 
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.. , 
Ron/. wc can remn_vc tlú:.c:omponcnt ·'·rq,·~!n'· 
"class'' and inc!udc_ i~·as a componr:nt r_J( --,! 1:.: 111 , 

This mnvCmcnt <.loes il()t ~hangc. thc :d".ir.w¡ 1, 

"Chss" or "ins_tructnr," nor (hh:~ thl' Ln ··l. 

nccd tn he changcd. (fiVL'II thc fntKtion.d -~l'i~ 

of ('·/¡1 on 1, wc can rcmov~. the n11n 11,rn•·:lt · .. ·, .· 
from "d:tss" and include,it ;¡s·;¡c~ml!'OIIl'll: .¡ 

tnr." This t~wv.emcn.t ~l(lc..: ntH ch;_l:l.':''_:·tl:~- _.,r,. 

·~class"; howL·vcr. its kcy nlust be ch:ln,••,l) tt. 11: 
\Ve· !~ave sccn that sontl' \\'ell-ddinL·d. r·:!:•.t:r; 

not :~NF rclations. \Yc n"ow slww·that tliL··¡· 1q 1\, 

also truc. Considcr thc fo!!owing rc!ation:~hip: 

Pupil 1' has Cll.roJI,•¡/ in a d~~s in room· R :uHI ha'> dimh,·./ 1\lnl(r1i:: 

\Ve can declare tbc following rdatiún to IL'!ll"l"..,l':l' 

rclationship: 

'"~'r X: tt•llcctiun nr a¡:J:rc~ate [P, R; Jf) 
/': pupil: 
R:.wom; 
M: nll)untain 

cnd 

This rclation is in }NF- it has n(l functiun;"tl dvp;.·:;. 
cies.~: 

Thc Jclation "X" is not \VCJI ddined. ·! );,·rv 
Engli~.;Jt n_oun which abstract":-; thc st;¡tcd rcl:tti•.l;¡-.1:. 
a highcr-ln·l·l ag-grl'gatc objl'ct. In (lthcr·\\tll"•.i-.. ·;. 

· the context nf thc rcl:it_i01ddp th('rC is no td•fv~-¡ 

(\\hich Wc can namr.: in natural Jangu~l.!}.,:) '' hll'l 

stanccs dctcrlllinc uniquc valucs for pupil. f"POill 

mourltnin .. Thc ~tatcJ rc!ationship wou!d ILl'-\_" t·· 

n·pn~scntL~tl by u~ing two wcll-úcfincd :t~.'!'.fl").'.:t:. 

·•cnro!lmcnt" as ht.'forc, and '"climb'' as h..:ht\\"; , 
l~pc dimb =-· 111-!J!rq~ah• 11'. ,-\/1 

/': pupil; 
./11: mmmt:1in 

cud 

By rcstricting: thc namcs f(H co!kction.s ~~~lll ;1~, 

gatL~ typcs to natural_ bn~.uap,c noun~. w_-..: ;¡;·_e ;,:,,. 

distinguish aggrcgations which rcpr;.;s~m· ::h.--.ll;!c:. 
fnlm aggrcg:¡IÍtlllS which are m~rcly a spuripu·-: !~i· 

ing of di:-ainct omccpls. In hi~ formalism ft>r ¡-,_-l:lii· 

llJOdcls. Codd docs no( indmlc natural I:Hl!'!l;·l!!l' 1:::. 

for objt:l.:ts ;¡s an. illl\..'g.ral p:lrl of his rom:;:!i~.ill._ 
rc~ult. ~~i~F is in~;cnsitin: :o m~tny :,cmailii~· : ... ;,,·._-, 

;¡~'-!-~n:!_',:ltion. Fvcn if 3NF is strcngtiH.:ncd IP t'.\' . .":. 

n~.-,r;,: :-.pnriuus <.!~~regates. it ~ccms llltlik .. ·!_-. i!i::: 
si1npk S\"lltactk constructs will IJ(: ahk hl i:dl~ l,".i¡·· 

thc ril'h~u.:ss ·of JHHI!l forma!icil in ll:ltllr;d_ L:n.:J< 
iVlorl·ovcr, gl,~t.'ll ;ll~·~tg_!.!rl:¡~atc tyJ;C dCfitli!i"ll il i·. :. 
tivelv casy 1<' dclcrminc: whctllcr it is wcil·dl.·!tJ: .. ·t! 

thc.;Hh~r·.hand. it is ofrL'll quite t.lifficultl(l t"lin~­
rc!ation is i1i JNF. 

Thcrc are "scvcr: .. d Conclusi01ls whid1 c_a11 be ~Ir:!·. 

from thc pn:vious discussion: 
(i) Thc critcria for :t wcl!-<..ll.'fincd rcLt1il 1il ¡¡rt' 1• 

.. t.·----~· 
·1 Wl~ cxdudc ¡]re tri\'i:d functiuua! dcpcndt'lll"ll:~ Í;l \\ h;,·l¡ ' 

puncnt~ tlelcrrnint:: !hl·m~d-..·o-!hcs~ ar..: alwayY¡ 1rc~,·nl. 

Communicali(>fls 
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j)tlflant in -lhC irtili~JJ f!'I"IÚU(atio'rJ of ;¡g"grcgatC ahstrac­
IÍ\lllS i11 a.wúrld niocld. 

(ii) ·¡·¡~~; aitcria for. :\NF ;irc il111't;rtant for dctt:ct-­
· ing l'lllhc.·ddc;tl.aggn.:.gatc:; in this initial f"ormul!llion·. . 

(iii) Tl1e lransfonnati,,n <.lf a hit.:rar~:hy of Wcll-dc­
fincd rcl:llinns lo 3NF Clil he ao.:omplisl!cd whilc prc­
Sl'IVÍiil~ "tli~ s:nnc aggn:g;¡tc namcs. 

(iv) This translom1<11ion shonld hl~· madc hcfiJre 
kcys are sdcctcd to avnid subscquc.•nt kcy ,·noUification. 

Thcsc _(."olidusions are utilizcd in th¡,: ncxt scction. 

4. Data hase l>csi1~n -1\ u Ex;ml¡lle 

In 1 !lis Sl'ction wc :tp¡1ly our ideas ahnut aggrcgation. 
¡_¡!J;~(r;l:..."lionS lo lhl' ¡n;ohk.lll of d;¡tah;!Sl' d\'.sign. ,\( thc 
tlii[SI..'l. thc JCsignn 11111:.;! intn:ll'l witli 1hc nscr to 
dl·h.'rmi::c tllc oh_iccts and rcl:tt:o;;sl1ips \\"hich ll!USI he 
rqn·c.·:l:íllcd in thc datah;¡~;c. Tili~ dt:tcnnin;:tion is usu· 
:di~· lll;t.lc ii1 a hnttum-up d~vc.~ln¡llllL~III starting with ilil.' 

HHI~;t pfinlit_ivc ohjccts and auivilivs with v.-ltidl thl! 
. :IISl~l" is cont'CrtH.:d. Thc difticult~· witl1 :1 hnlttllll·tlp d•..!­

vclopttll:nt i" that tlu; th:signcr must Íllllllt:di:ttdy it.;¡. 

111crs.~~ himsdf in a nlas.~ of dct:1il. On¡; rcason that a 
tnp-((own dcvclnpntcut is JHll nst1::l!y· t"olluwL'd is tllc 
iT_Iiti:t,l difficulty in lú'~l,!',llizin!_'. tht..: ahstr:tctions which 
>on~:titule thL' ttlp kvt:l pf tll~.: llhlllcl. Ncv~.·rthclcss a 
tn:'-·dll\'."11 t.kvt.•lopmcnt has tiH: tlistinct atfvantagc of 
:dlowin!'. tl!c dc~:i~·ncr !1) i::olatc hilllsclf from all dctail_s 
t~xci:pt !hose ri.'IL·v:lnl tu thc deciSion ¡¡¡ hand. 

!\ d:llah:tS\' is q:;u:dl~· a modcl of so111c v~.·ry familiar 
rc:d:.~vcn·ld. systctiJ. !!" tiiL' us..:r rL·quirt'!" a \latah:¡o,;c, he 
Ita~. ¡1rcsun·1~thly inlt'r:tcll'd \\'it!t ti_,C actual_system long 
c_tltlllgh tú acquirL' a sophi:-.ticakt.lconccption of. it. In 
<~cquiring this COIHTplion. he mus! ha ve ahstractnl var­
inu~ rcbtionships as 11:1111\.'d obj~...·cts in ordt.:r lo articu­
!;i'tc ph•;llontcna nf intcn:st in thc sy~kl;l. Tht.:sc namcd 
oJ,¡,:~.-t~; will occur at Y:Hious k\"Lis of ahstractinn. Thc 
u:;cr ln;ty"thllll:l\'l.' ahstr:H,"!Cd tliL' t"L·IatÍilll:-.l•ips ht'lwec.n 
l.! u: hi;•.he:-.t~kv.:l· n:1111l'd · oll_iccts. SinrL: :~nch rclation­

·ships do not h:t\"1..' In he th¡Ht~•.ht nf ;¡:.;a wl:t_lk. thc,:re is 
no ~trong rc:tSI~II lo !na!..~.· thesc ah,tractions. llowc\•t..:r, 
thl'~l..' n.:Lttionshi¡··~· C:llllltll he Vl'tY cnmpkx, or tite usc.·r. 
W•lUld IHl~ h ... ~ :thk to :•rticul:ttc thcm cffcctively. Thc 
~ksiglll"l" sllould ti¡~·n:fllrc be :tblc. to ahstract th~.:sc 
ll·l:•tinn:-.hips as ft;tn~t·d ohjects in nrll: Pr two adriitit~nal 
kvcb. On this h:tsi:-.. \Vl' conjn·tui"L' that -!he tnp lcvi..!l 
for a :-.y:-.1~..:111 motlcl is_ al 111os\ one or lwo lcvds- highcr 
tl1;t11 llw most ahstract_ohjl·cts which can he nanh.·d hy 
tln:.nscr 

Once thc dcsit'.llcr h:ts dclc.:tntined thc ··únncs oi'th~ 
us1:r's ntnst ahst raet uhjcct:-.. hL' sltould go on..: or two 
kv...:ls up lo ah:-.lrad tl~t·ir rcbtionships. amlth..:n movc 
clnwn tn h\:gin a 1~1p-dnwn devdopnici1t. Thncaft~.·f. 
tlu.: dcsignl'.r will he prin(:ip:dly cq_nccrncd with d~x~.>m­

posin!: oh_lccts into rcLHion~hips betwccn simplcr ob­
jn:ts. l)uring tl1is dcc(l_!llpositioll :tctiYily, thc dr:signcr 
is likclv to fa~.·tor·oul tite. sa•_nL· nbJt.:CI from dit"fcrcnl 

·110 

. ~ . 

· parts ol lhc uccomposJIJon 11Jcr;uchy. llliS mdJCatcs tnc 
prescncc of an ohjcrt \\;hidl pafticipatcs in scvcral 
·rclationship~. Finally_. whcn thc dcsigncr rcachcs ob..: 

jccts who'\L' dctails are of no· i1ltercst to thc us~.·r. hC has 
.locatcd ·!he !~ottOm.· kv~l of the mndl'l. lt may \l.'cll 
happc.:n that thc ~lesi"gncr \Vil\. ultjmatcly dis~.·,_wcr bctte,.. 

ahstracti~1ns for structtlring thc modt·l tlwn thosl! en. 
ployt·J hy thc u ser. Ncvcrthdcss. we cmllcnJ that onc 
or two lcvcls· abovc thc uscr's most ahstract namcd 
objccts cnnstiÍutes a vali~l.pnint of d!.!p.arture for a top-

down devdopmcnt. · . . . . 
During this· tnp-d(lWil dcvCiopmcnt, thc dcsfgí1et 

shnuld pt)stpllllC .decisions a!wut keys as t he se are irrel:. 
cv;tnl in dctc_nnining tlll.' abstract structurc of the 
modd. Once the abstrae! structurc is complcted. it m ay 
hé chL'ck~.~d against tllird nnnnal fl~rm rcf}uirements. 
\Vhcn tt~ .. ·n:s.-;ary. allrihutcs m ay be m·ovcd down the 
hil•rarchy to transfnrm c;1ch rclation ipto thi.rd nOrmal 

form. l:inally. s~~lc\.:tor na mes ;md kcys ~an he ·cJcte~­
minl.'d durit:Jg an upw;¡rtf p:Jss through thc t,iicrarchy. 

In praciicc lliÍsUtL~...·s and niiscon<.·Cptio~ls wi\1 pre­
ven! ;1 purcly top-liuwn dc~·elnpmcnt. such as ~e. t.k­
scrihcd:· from occurring. Neverthcll!ss 1 it ·¡s a souqd. 
practicc tu s..:ck a dcvclopment which"procecds as far as 
jl\)Ssi\lk i11 a -top·d~nvn· faShion. Vje shüll give hn"iJeal­
ized ..:xa111pk- of a tnp-d_own· dcvelopmCnr tO indiCa te 
how abstractions are utilizcU. 

To ;tvoid a lengthy textual develnpml.!nt, wc use the 
r~l\lowitlg gr:•phical not<ltion to abhn:viatC a ·~elation 

dt.:cl:tration. A. dccbration; .. 

,·ar U: milccliml ur llJ!J!rC~ale [.üt. ...• sim] 
. do {key} Rl; 

.m: \ kcy}. Rn 
cnd 

wi\J he rcprescntcd hy: 

non·Y_c:y selcctors 

( . 

-·- . '. 

.. · 

\Ve asswúc that a datahase is. rcquir,cd ·_which· 
nwd~·ls in~_lrw:tor dc:·clnpn~ent within a natinrial uni­
vcrsity systcm. Ii1 p;.ll"tictilar, infórffi:J.tion abo.ut thc 
·Ct)JI1111ÍitL'c assignm_cnts ami tcaching activiiicS ·or m­
:-.tructors is '"ncccssary, · 

Tli1,._: firs"t design stcp ·¡S tli determine whirh are thc 
lllOSI abstrae! llhj~.·ct:; Ctl!Jc::rncJ with an iit~tructor's. 
cllÚllniltec assign1ncntS and tcaching activiti~..:~. As far 
a~ t.:omntittcc assj~ri!Ht.:lits are Conccrncd,.we h:~vc thc 
ab~tr:tct ohjc~.·ts ''nHilmitt~·c" and "instnh:"tor." Therc 
is no ¡!Cllcral"ly uscd tcrm which rcfcrs to a highcr 
ahstr<~ction involvit!g cómniittcc assignmcnts .. As far as 
tc:lciJing activitics. are cont.:crncd, t 111c nHÍst abstrae" 

· nhjl·'-:ts wc ha ve are: 1 ~~~JSC úf."(\a~s" ancJ· ··pupil. .. ·.Th~.-

( 'nmmunirati1'n~ 
· ul 
·.q,~_.· t\L\1 
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illot.icl cnnsist:.; initially of thc.::-.c fonr ahstract ohjc1.:ls a\ 
-.;l".own in Figure 4 .. 

\V•: ncxt dct~rminc tht: rclationships of intcn:st in 
'':t:i<.:ll thcse ohjccts particip<~ll.'. \\'e an..· intcresll.:d in 
t:lt" :::-.si:~nlllL"lll of in~trnL:Ims tn conllniltl'l'S :tnd thl' 

t"J!rnlillh.'JH o!" pnpils in dasscs .. \Vt· ahstract thc~c two 

JI.! 

' 
"' • 
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rl'liltionships a~ ohjc...:ts and include any additimú\1 in­
l<.:n .. ·sting aurihut~s of thcsc ubjccts. \Ve are; intcrcstcd 

in tht· gt.a!t.: rc~ultin~ frtilll an cnrol\ment ancl thc role 
play,·d hy tit~\ itJstn~etor in thc assignmcnt. Thc model 
now ;1ppc:!Ts ~ts shown in l-"igurc ~· \Ve are not cnn­

ccn:cd \\'ith sdl.'ctor n;tnH .. .'S and kt:ys at this ~l:lgl!. 

Cnlnlllllllic:t!ons 

"' 'thl: ¡\(.'~! 
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\Ve ·Lkcick ncxt that · .. ·rólc'' and "gr;,dc" <II.L' primi­
tives sincc tiH.:ir dctitils ar·c nf no intcn;st.to thc user. 
\V e JH' H.:~nl t o' d~..·com po-.c ·~com mi t t t·~..~. · · "inst_ ructor." 
•·da~.;s," ami ·_·pupil" as rclatilln:-.ltips hctwt.·~..:n luwcr­
icvl'l ohjects: In doing so wc introdurL; 1hl: objccts 
"cnms"•" and '"university'' in :11iliiti1111 tn many m·w 
primitivc ohjects. Thc rnodcl nn\': :tppL'iiiS aS shnwn il1 
Figttrc (L Notit·c tl1at thc objccts ~·instructor" ami '"uni~ 
vcrsity" participatc in scvcr:d n:btionships. For e.\alll­

plc; tífl instnH:illl" !caches c-1 coursc during a scnH.:stcr, 
H)HI ün instructor is assi,~ncd toa committcc in a cért;,lin 
role. Wc firiall~· tcrmill:ttc this top-Jown devclopment 

·by .dccotllposing, ··univcrsity" ami ·'courst:" into rt.:la·· 
.tionships .. O\TI primitivc objects. The modcl thcn ap­
pcars aS thc hierarchy of abstrae! ohjccts shown in 

Figure 7. 
It is at this time th~tt wc should check thc modcl for 

conformity with third iwrmal forn1. If a p;~rtirular rcla­
tion is nnt in tllird normal lorm, thcn we can .movc 
·down all ;ipptopriate :1\trihutc~ to -thc m·.\t kvL'I uf thl' 
. hicn1Í·c h y. For ex a m ph:. ir "i nstructnr" fu nct iun:tll y de­
tcnnim:s·"coursL·" in thc "cla~;~;" n.:l;~tion. thL~II wc ran 
mov~..: dowtl tite :fttrillllle '\.'<Jursc" to thi..! '"instructor"' 
,rclation. 

· Wc must 1ww ;\ssip,n selector nanws aud kcys to 
t·:tch ohjcct. This can ht: donl' hy an upw~1nl pass 
·througll.tiH.: objcct hkrarchv. \Ve first assign selector 
·nam~; to thc lnwcst-·h.·\'l'l .nonprimitivc objL·cts amt 
détcnilinc tht·ir kcys. In dctnrnining kcys it is oftcn 
·ucccs:.;;¡r:-no u:-.t: auxiliary information about tlic systcm 
'h<:in!~- nwdekd. _Fnr CX<.illlpk. wc ·must know that a 
univcrsit_v is UlliquL'Iy dctt.'ml(ncd relatlvc to thc na­
'tional system hy its na me. V..'c·must knnw tlw.t commit­
tcc ·múnhers ha ve h¡:~n ci;¡~;Sifil..!d nationally and are 
tllcretorc uniquc thronghout thc system; howcvcr, 
cuur:-;c m11nbers are uniquc (llll)' within a giycn univcr­
sit)·. Thc kcys for c<nllrnillcl: and cour~c number are 
'tlllls ohoscn as [COM!If ;iml [C#, UN[. rcspcctivcly. 
Th~_inf1n!llation that a pupil lllay only rcgistc1 at onc 
univcr:->ity :llld that '"' ÍIJstrucwr may only be cmplnyed 
al ooc univcrsity allo\\':-; u'; hl 11~c f.P#j :11H.i [/1n as thc 
kcys for "pupil" ami ''instn~:·tor ... n:spel·tively. \V~:. can 
ll()W lllO\'L' IIJl \]H; hiL'I"<tl'l:hy·. :l:.--.igning kL')iS ~\S \Vl~ g1J. 

Th.-: t'inal111ndd appc:ll'S in ¡:¡g\lrL' .-.:. The mndl'l is 

cnmpri.--~·ll ol' tn;¡ny dt·!;tii:-;; lhlWCVL'l', by cmploying 
ahstr:Kt.ion appropri:tlt·ly, WL' h:tvc hccn :·1blt·. to redut·c 
lo;:¡ lllillillllll\1 thc 1¡¡\tli\J-..:!" of tktail~: !llal n:·.~ dl':;i,¡_;.lh'f 
lllllSI k~.:cp in his mind ;ti ;\lly \)!le tilnt· .. t\ vny ¡¡tlr;!c­
tivc featurc of this 3ppro;1cil is lhat wc can separate in 
time thc uctiYity of ch.Tnt~!JlO~ing al,s!.f:tl'l u!Jjccls fro111 
thc (:ICtivity o(dctcrminillg thc keys of thcsc objccts. 

5. Cmu:lusion 

Ag~rcgation is only onc kind of :thstractioil that is 
uscful_iTi undnstanding thc.: r~al wor!d. /\nothcr kind is 
gcnt!raliz:ttion in which a' sct of "similar"' objeciS" is 
ahstraclt'd as a single gene ríe oi)jcct. In 11 O] wC discuSs 

4B 
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a mL'thotl for s;ruCturitl·g· rcl:dinnal d;tt;¡h;tSL'~ whil'll. 

süppórtS hntl.l agwc.gation Únd gCn-.:r:!lilation. 
lt is imptlit:lnt -to di.stinguj~h hl'l\'."l'C'Il :lhstr: 1vti 1 Ht;-;. 

"such as <l!!!!fCgatillll and gcncraliz~tioi). \\'hi .. :h ar"· 11 ·.~· 
fui in thinking alHlut thc ·real W\lt'ld and :th;-;!r: 1l'ti 1q 1, 

.which :m.~ uscful in thl' implcmcnl;\tion u't' 1.bw striP> 

lllres. '"_H.crli-world" ahstractinns hide dctaiis thc u~,:r 

wants to iguorc 11/cimcntarify .in thin~ing ahout tht.; 1-.:al 
world. "lmplcmcntation" ahstractinns hiJc d~t:tif~; !ht· 
user ncver .wants to sce about 1.Üt3 structurc itnpktliL"I:­

·t~ltion. Thc successivc· rcal-worlJ abst¡;icdonS CIJ\­
ploycd in;, relational hicrarc_hy a_rc orthognrlal tl> lh;,· 

· sucL·Cs~ivc implcmcntation ahstr;rctions n~ccss:¡ry tll 

represen! a relation as a complex pointer-connc~..·tcd 

sccondary storagc· data st ructu_rc. 
· At prcscnt, progrnmming languages do n_ot contain 

_adcquatc primitivcs to sup¡)ort -rcal-world ahstracti0ns. 
Constructs ~uch as arrélys and files are primaril~· implc· 
mc"ntation abstractions of ranJorn-acccss' slorag·.; a11d 
.sequcntial-acccss storagc. The record typc of P1'\SC/\L 
serves a dual role:. to cxprcss real-world abstrac.tion,o.; 

ami also as an imp!cmcntation mcchanism .· lt wouid 
SL:t'lll important to adJ ncw "rcal-world" t~'pcs (sucli as 
agr.~t.:gatc and collcction) to programming ·JanguagL·~.; 
:.1nd simultancously to dístínguish "ical-wórld" · tyJ-':._'S 
fron1 "implemcn~atioh" type~. 
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V (1Q[.UI.1;:y:·,-..f:,l)¡.¡ 

EXPlU!~SS is fUI Pxpcrimcntal protot.ypc dnta translntion fi)'Htr~m which ca.u t~ccess a wide 
.vnri~ty of dnl!~ tmd rcstructure it for new m!CB. Thc syt~tcm is _clriven by .two vcry high level 
IIOBJlroceduml Jan¡1;unges: DEFINE for datA. ~et~e'ription t~nd CoNVEHT for d!\ta. restructuring. 
Progrn1n Kf!HCru.tion nnd c:oopcrat.ing proccAR f.echnique:i MC u sed to ltchicve -efficient opcra­
t.ion. . . . · · 

This pltJICf (J(!HerihcA ÜH~ de~:~ign ~tnd implcmentn.tion oí EXPHESS. DEFINE and CoNvEnT 

nrc flmnmarized 1tnd t.hc inqJlernent¡d.ion a.n~hit<:ctllrc prct>entcd. 
-1'hc DEFINE dcscription is c:ompilcd int.o ~~ cuHt.onli7.c~d PL/1 program for acccssing source 

·.dA.-t.n·.-Tbt! rüstruetU:ri.ng Hpi~c:ifi.ed in CnNVEHT iH eompilcd into a set of customized PL/1 pro­
··eedureR-to derive rnu1t.iplc t.u.rget filcfl frorn multiplc input filet:!. Job st.cps and job control 
_Atnt.cmcntR are gencrat.cd n.u\.t¡JO:ltil'aily. l>uring ~~xec:ut.ion, tbc genern.tcd procedurcs run 
: undcr cmit.rol í1Í a proccHH AuperviRor, whit:h e.onrdinat.l~s bufTer.mn.na¡!;cmcnt and hañdlcs file 
,~noent.ion, dc¡llJocfl.tion, n.ml nlL inplLt/output n~qucsts. 

Thc nrchit.cctuiu of EXl'HES8 ¡LJ\ows dficicncy in cxceut.ion by nvoiding unneccssary scc­
:otldary Rtor8.ge rdcrctl(~cs whilc ¡d. t.he. Ramc time allowing t.he individual procedures. to be 
indepcndcnt of t•.aeh other. It.s mndulnr structurc pcrmit.s thc syRtcm to be extended or trans~ 
ferred to a.nothcr environn¡c~lt cnsily. · '1 Í . .' 

Kcy Words and Phrat>C/:l.: dn.ta tmnHln.tion, diltn. conversi(m, filc.cónversion·, dnta restructur­
ing, prograrn g<~tu~rat.ior1, vcry hi~h lcvel ifLng\wgcs, data deHcription languages, datA. manipu-

. lation huq.-1;1JA.g0.s 
_CH. Cnt.cgáricH: 4.12, 4;3~, 4.Ú 

l . .INTRODUCTION 

Dnt.a eonvPrsion is n probkm cvery uscr fnc.~es whcit woving data to a· data base 
PTIVirotunent. The pt·ohlmn is o¡w of c<;si._ Thc: da1n to b(~ moved to thc ncw system 
will t._vpically (~xiHt iu a vnricty of formtits· and file st.ruet\irr-s. To rl1ovc thc data, 
a 1\UIIIher of convt·r~ion prog;r:,·Tits an~ r<~quircd (one pap<~r report.s a manual con· 
versioo dTort. rcquiring 100 (;o\IOL prop;rarns for rcstruduring of 29 ftlcs [26]) . 

. The~·w ,;rogf:lt¡Ú.; arP JJOilt.riviall><:eausP t.hey in vol ve nc·.<~cssing many files, cxtracting 
· port,ions ()f tlwm) and resLruetnring U1c dat.a to confonfl witl1 thc new dat.abase · 
design. But. t.he (;ost of dcveloping these programs usually <'.annot be amortized 
cither over yc~an.:; of use ór ovt!r ma.ny instnllat.ions. l11 nddition thcrc is thc p~oblem 
of v~lida.tin(.!; -the corn!dness of the eonvnrsion) as in the devclopmcnt uf any systcm· 

Copyright© 1971, Assoeialion for Computing Machincry, Inc. Gel\crs.l perm'isSion-to repub­
liAh, hut not f<?r profit, nll <Jr prtrt. of thi5 mn.t.crin.l is grantcd providcd t.hnt ACM's ·copyright 
noticc iN givcr1 and thu.t. refcrclLtc is mt~dc to t.hc pnblicnt.idn,-t.o it.s dn.t.e ·o_r issue, and to thc 
faCt that reprinting privilcgcs wcrc: grant.ed by pcrmi:o.:;;ion of thc Association fof. Computing 

, Machinery. ·' . 
Authort~' nddrc.<;.'l: JBM HcHPÚch Lnboratory, 5()()() Cot.tle Ro R.~, San Jose, CA 95193. 
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of progrn.ms. Error:-;· in tlw .(lata Ctmvcr~ion pnlcr.ss will atfcct cVery Usagc of the 
data. 

In reccnt yc:trs Sl!vcral approaches to .this problem havc bcen proposcd [4-6,'. 
12··14, 18, IU, 2:¿-2G]. Severa! prototype implcmcntations ·cxist (1-3, 15-17, 20]. 
Among thc 11pproadws proposcd is the mcthodology givcn in'the pqpcrs by Housel, 
'r,urn, and Shu [7-9, 12, 21]. Although the rncthod in thosc pnpers secmed attrac­
tive, th,!rc are qucstions remnining to be answercd. For .exampic, is the approach 
effic:it~nt? \Vill uscrs acc1~pt a tool reqúiring additionaJ trnining? After a!l, tisers 
know how to do data eonvt~niioi1, though it mny be diffir.ult and tedious. What 
m~ditional n~sourc¡~t;, storn.~e spac..:c, computer, cte., does it tnkc to use such a 
systmu? A!t.hou~h these issw~¡.; ean bn nrgw:d, the only way to gain sorne concrete 
u·m-n\'l~rs is t.o build a ~ystc~m to deterrniru~ Uw rneritH or dr.merits of a gencralized 
approaeh. This paper dP-sc..:rihPs the arehitedure and implementat.ion of such a 
systeni, nanli~d EXPltESS, a data EXtrndi<m, Pr<!tl~ssiug, ami REStructuring 
System. · 

EXP}{Ji~SH has severa! rw_\o,.' featun~s not indudct.l. in other previous prototypc 
implemcntutions. It can ncee~s and restructure data. frorn multipl~ files and produce 
multi pie rcstructurcd files in a single run. The restructuring Ianguage CoNVERT 

allows vcry general n~Rtructurings to be ~pec..:iflcd without resorting tu procedures 
writtcu _iu H· tra.ditiou:tl programming languagc. The acce~~ing anc.l restructuring 
steps can be sepnruted if dcsircd. This 1dlow:-; a systcrnátic trcatmcnt of" data .er­
rors nnd ubo nllows parte of the paekagc tu run· on different mnd1incs. On the 
othcr hnnd, the nccessing n.nd rcstructuring stcps can be cornbincd ailowing the 
iJackuge to be uscd as a· data ·cxtraction too!. · 1 · · 

Thc rn"'ld for RXI'llESS iR wcll defincd in the original puper [12j. Howcvcr, to · 
makc thi::; papt~r s~lf-contairu:d, Sf:dion 2 will describe bricfty the modd as impie­
mcntP<~ altwg with some nwtivat.ions for the arehitccturc. 

Usc'".of EXI'ltESS iuteraet· with t.lw Ry>item vía two lnriguage,-DE>'INE for 
J,~scrihing data ~.truetUres of source and tarl{et filt:s arHl CoNvEn'r for spcCifying the 
trnn~forrnations of data from one or more files tn n set of files for a targc_t sjstcm. 
Thesú lauguages are dc:;cribt!cl in {S, O,, 21 !. Siw:e the undcrstanding- of this papet 
dcpcnds heavily Oll knowing tlu~ :i!:lllHiltic!-1 of thr. lnnguuges, Scction a will givc a 
bricf surnmary of thcm. 

Scction 4, Whieh Í8 tlw rnain part of thi~ papr.r, is brokcn down int.o four mnjor 
8UhSf~(~·t,ions. Sf:ction 4".1 d1~als with üu; "proccs~. of acccssing thc soürcc data and 
chnnging- it into a s.Yst<~m-indcpí~ndent forn1. Section 4.2 discusscs thc preproccssing 
requi n~d prior to thc actual 1:Xtcutiou of thc rcstructuring process. Scction 4.3 
disc:w.;st~s thc run-tirne ~y~ti~rn. R1:dio"n 4.4 d1:.scribt~.q additional a..<Jpects of preproccss­
ing thal. are ncce.ssary hut diflic..:ult t.o <~xplni.r~ prior to ttic discussioO qf the ~un-time 
system. 

Pcrfornumc1: and u.sahility havc becn majar concerns in thc dcsign nnd imple-
. mcnfntinn uf J!;XPHESH. ' 

Fir~t. Id UR di:-wu~:-1 the iss1w of pcrfonnunee. Sincc thc sYstcn~ may be processing 
a volurninous amount of data, indficicney will he magnifir.d. Onc major step taken 
to nvoid this eiTect i:i ·tfw compifation of. DEJo'INJo: "uncl CoNYEnT stntcmcnts into 
progrnmH eust<.Jmizcd for thn part.icülar tn;.~ks. ·(A comparison of compilntion with 
intr.rprdatiou in one data t.mi!Hlntor is gÍV!)Il ~n [!J.) For exnmple, a DEFINE c;Jc-

ACM T111nt1ac:lion~ un Ü~tt~bl\llo Systema, Vol. 2, No. 2~ Jun6 1977. 
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script.ion of a file is compilcd into a procedurc that can rcad a file with that descrip­
tion. In likc manner a CONVF.HT sp<~cification is compiled into a customizcd re­

. structuring program. PL/1 wa." dwsen as thc target languagc for tbe DEFINE and 
CoNVEHT compilcrs because of its nbility to dcal with ¡iointcr.based structures 
llnd exccptional <:onditions and its rclativcly \\.ri.de availability. 

Anot.her inn)or p:ut. of acl.ieVing gnod performance is thc reduction of I/U ac- · 
tiviUeK From thC' usc~r's viewpoint, cach Co!'a'ERT opcration rcquires one or mOre 
rcnl fil<•s n~ in-put. and gencnüc•s a n•nl fil<:. Actually this dOl~s not happcn. Through 

-t.lu~ <:onccpt. of pipdining, t.o lH~ desnib~~d later, thc system gci-JCrates real intcr­
mediate files ouly whe11 ueees:-mry. A module, called thc Analyzer, wa.s built.. to· 
atutly?.e thc Co:-.:vJ<;H'r prograrn t.o determine. whcn it is neccssary to crea te inter­
mediate files. 

Othcr featur(:s drsigned. f~r good performance are the use of cuncurrcncy in thc 
<'XI~cut.ion of Co:-zv.En·r operations u.n<l thc generation of efficicnt Code. 

EXJ'HESS is bclicved to'bc uscr fricndly. Thc languages thcmsclvcs, being high 
l<~ve1, providc thc uscr "ith a coneisc and nonprocedura.I way of specifying thc job 
t.o h<! done. In addition wc havc huilt. into thc syst~m scveral ·reaturcs which cn­
hanc<· usabilit.y. First., UJC systcm allocnt.cs buffers and genera tes job control sÚüe-. 
mcnts :mt.omat.ically. Second, thc PL/1 code gencrat:cd by thc DEFINE and Co>ó­
viÚi.'r c~ompilcrs Ü:i quite n:adnblt~. This allows Lhe uscr to fullow or modify the 

'gcneraf,cd codc easily if he so dPsircs (c.g. for specinl error checking). This toplc 
is diseussed in ~ect.ion 4. Third, the syst.cm has "uscr hooks." For cxampJe, a usqr 
cnn intl~rcPpt d::IÜl for n_10dificatinn duriug reading. 

EXl'JtESS is operat.ionaJ in a lnhorat.ory ~nvironment. \Ve planto test tl)C ap-
plical_iou of the sy~tf'm _in 11 real dat:tbase 1:onvcrsion. ·' 

2. THE DATA TRANSlATION PROCESS 

Thc tr:msl.ation proee)-;s in EXPH.ESS ean be brnkcn into thrce major stcps, con­
sisting of the Heatl _ste.p, the He.struduring stcp, and the Load step, as shown in 
Figur<>s 1·-3. First, we hriefly de~eribe thc thn~c stcps, and t.hen wc discuss sorne of 
the issues involved whid1 }(~rl to this :1pproach. 

Thc Rm.d s.tt:p. TJw functiun of f,he Headcr is to · ac'cess. t.he sourcc data st.ored 
iu th(' snuree ::;yst.en~, pr.rform c:xtcn:-;ivJ..~ error checking and data cditing, and 
tran . ..;fnnn caeil physic.:tl :-;ourc1~ fd1~ int..o an inü.:r11al form. TlJese files will subsc­
quelltly b(' 11.'-'l'd ns an input. to tbc H1;stnwturing stcp. Thc t.erm "snurcc sys1.em" 
iu nur cont1~xt. is <kfirH·d a~ tlte t:ornbination of hardware and soft\ni.rc syst.eins 
n•quirl•tl t.t1 SUJIJHirt tl1t: soun:e drtta bcing accr..Ssed. As :::.hoWn in Figu~e 1, the. Re:l.der 
conf'ixt.s of two rnain eomponeuts: a sourec system-dependent component callcd 
t.hc "Physieal Header" (denot.ed by P) and a system-\ndcpcndcnt component 
called the "Gencrat.cd Header'; (dcnotcd hy GEN). 

Tlw role of the Phy¡:,it:al H.cad1~r is t.o.serve asan interface betv .. 'een the source 
system and thr. Gc:ne;·af.!~d H.eadúr. This compnnent uses thc f:iouree systcm acce~s 
mctlwds (e.g. DL/1, QSAM, etc.) to "''"''"s tlw sourcc files and filt.cr out all syst.em· 
dcpcndent data. 

The role of thc Gcnerat..ed Header is 1,(¡ rcad thc sourcc data, break it down into 
dntn itt~m inslanecs

1 
agg-t_·t~gute.ib<; ikrn in:->tanccs into group instand~s, and connect 

tfu~ group ins! :UICI~S appropriutcly f,o fnnú fl hicrnrchicaJÍy sf.ructured record in 
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_ intnrnul for~n. In orU.cr to dt~eomposc and eheék thc ~mure~ data a tlescription.of the 
filc'H structurc and vnli(i instanccs: mu~t be givcn .. Thc· DEFINE data description 
langungc is uscd for thi1:1 purpo~c. A _brie.f sununury_ 9f DEto'INE is giVcn in Section 
3.1. . 

'/'he Reslructuriny slt)p._ Tlu~ ite~truc:turing ;.;U~p dcrivc!i a ~e-t" of targct files from 
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Fig. 3. Lond step. 

th(' :murl·c: files as .specifif'd hy thc restructuring languagc CONVERT. Cosv.ERT i1? 
:-:;urnmnri:~.r:d in Seciion 3.2. AH thc actual rcstructuring is pcrformcd with files in 
int.c~n1al form. IIowever, wlum a reeord is to be writtcn to ·a t.argct filC, it. is con~ 
V<'rt.c·(l by a \\'ritrr prognun into tlw requirPd lond format. of tlle. tilrgCt systcm.· 

1'he /,oad slt:p. Thi~ stt~p (Fip;urc :l) si1nply in,;olves t:tking advantagc of tlw. 
t.nrgd sy:-;f.cm facilit.ic~s lo ,load tlH~. targd files produec~d abovc into. thc targd data­
lm~c~s. Th<~ EX PH ESS sy~t t:lll is nut cohcc~nwd wit.h this functiou. 

· \':c: n~H\' di:;;<"~uss t.lw n~lc:v:u.Jf, issm•s in thP pro~:c:ss deseribc~d :lbovc. First, \\'C im­
' pl Í¡·cl· t. ha 1.- :ill .IJSI~r vi1~\\'R llf suuree fil1~s· r,onform to a hil!rnrchic:al repre:-;en tat.ion. 
This appruar:h wnS adopü·d for scveral· n•aso11s. Sincc the prepondcrance of data 
is hierarc..:hical (e.g. CoBOL files), this is a conveñient form in. mauy cases. Further­
nlOÍ'I', nct.wnrks cnn b(! expn!sSPd as a family of hierarehics; rclat.ional data structurcs 
enn be cdJtsiderPd as d1~gcnerate hi,~rarelii<~s. A full discussion of t.his issuc appears 
in 1121. 

Anotlier issue. is: Is it IH~<:I'Ssary t.o separate the Rcad step from thc Rcstructur­
. ing sl.ep? The nnswcr is that it is not Iwcessary, but highly dcsirable. Onc rcason' is 
port.abilit.y beca use it is likcly tbat. thc Hcad step will be exccutr.d on one machine 
nnd the Hestructuri1l.g step on n.not.her. Another reason for this scp:1ration is to 
ulluw thl! Header to pcrform error dH•cking and edit.ing so that users can corrcct 
or.ruodify tlwir data a t. au c~arly stitgl'. of the t.ranslation proccss. In discussions \\·ith 
jH·opiP wlud1av<~ do1w data <:onvt~rsiou, \\·e~ fmmd tltat a 40-GO~perccnt error rate 
was not, unconmton. Finally, by prot~Pssin~ tlw entirc source file, thc Rcaclcr can 
eollc•d slnlistie:-;. TlH•st~ :->l.:ll.ist.i1~i (e.g. nuJnhcr ·of 'iustance.s) can be uscd: for thc 
nlloc:at.ion of files :n1d bulf<Ts in the Ikstruduring Htep. 

ln sunl!nary EX PH ESS t.aki~s JuJl. adyaTit.age of exist.inp; facilit.ics and localiz'es 
nll :-;y.stem dr'JH:nd<!nCÍes. lt.s arehitc~dure nllo\vr-; t.hP restruduring of data regardless 
nf origiu or dP.st.ination. 

3. EXPRESS SPECIFICATION LANGUAGES 

J u "arlier papers IS, \1, ~ 11 t.lic EX l'ItESS R¡wr.ific:llion l:mguages DEFINE and 
Co:-.:vEHT hnvc been dl'scrih<~d at length. A -full discussion of t.hcsc languages is 

. br:yund the scop<~ of this pap(~f. A lir.id dc~!:'cription of ea eh lang:uagc is givcn hcrc. 

:"CM TnanMKcti•>n~ nn Dntnlm~•: ~ptmnH, \'ni. 2, Nu. 2, Juoc I!H7. 
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3.1 DEFINE 

DEFINfo~ is a nonpror.edüral data. description language uscd to describe· thc uscr's 
view of the sourw·as it is pns"'d from the Physical Rcadcr to the Gcnerated Reader. 
lt is nlso used to dc"':ribc thc target file in load forma t. 

As explainerl in [12/, a hiernrchic model áf data· is adoptcd for cach individual. 
file in volved _in a trum:¡Jation. ~rhus DEFIN_E is oricnted toward dcscribing a single 
hierarchical record, rcfcrred to t\.8 a section in this paper .. <l~'or comparison, ~he 
same concept is callcd a datahase record in IMS [JO)). A seclion is thus defined to 
be mw root instn.ncc with all it~ üCsc'endant instanccs. A file is a series of sections . 
. Within a scction, thcn: ano still many possibilitics for optional, variable, and self­
describing data. Also, the secti¡m may span a numb(~r of physical rccorc.ls in the 
sourcc systcm. Df~r'INE gain.'i ii.K pO\ver by handling n. widc vn.riety of thcsc cases 
without. haVing tó rcsort. to proeedurcs. 

---· · _____ ._.:. ___ . 

Thcre is one FILP: DESCIUI'TION for eadt file lo be re:ul by tlw Readcr and 
also ouc for each file to tu~_ produeed by tlu: \Vritl~r. l_n our examplés we focus on 
thc fcuturc~s usr.d in d1~scrihinv; a :-;ingle file. 

·consider the data strcam arul its structun' re1lrcsentcd by the hierarchic type 
trec in Figure 4(a) (spaccs ha ve bcen int.rodueed for rcadability and would. not 
nppear in tlw actual data). This data struclurc representa a dcpartmcnt "master· 
record" with two typc~s of "detail rceords"-··cmploy<.~es and projects~iniermixed 
arbitrnrily following ear:h "master record." Thc~ numher of employces is given by 
the first intcger (:!in tlris example); the number of projccts is given by thc second 
intcger. Data streams likc this are common in CmroL npplications which .use 
record dcscriptions nnd thc REDEFINES option. Norrrially, 'a ConoL program 
woultl "know" that tlw fi¡iit reeord was n DI<;J'ARTME:NT reci>rd. It would read 
it .nnd s:tve tlw two count ficlds NEMP nnd NPHOJ. An itcration would then be 
pt!rform,~d. On Paeh iteration, u. ndctn.il', rcconl would br. rerid, its TYPE ficld would 
be cxamined, aflfl tJw apÍJropriatc proec.ssing wnuld be dOne for this record type. 
Thc important. point to note is thut, frorq :t data dcscripÚon viewpnint, thc hier­
nrchic~al strudurc dcscription of thc rcco~d does not nppear in thc dcclarations but 
is embeddcd in thc proet~clurnl )~Jgic. 

. · .. : .• 

ic BROWN 26 E· BLACK 
e:_ __ .:~···----·-----.-- 22 P . 40 CAM 1 
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FILE DEPT-EMP-PROJ: 

ENlJ; 

OCCURS FROM 1 THIES, 
FO!.LOWEIJ BY F.OF; 

GHOUP DEPT-IU:C: 
DEPTH: CIIAH(P!C !S 'A9');; 
DMGR: CIIAH ( 20);; 
NF.MP: HINARY(l5);; 
NPROJ: BINAHY (!S);; 

GROlll' EMP-I'HO.I: 
OCCUHS NEMP•NPROJ TIMES; 
TYPE: CI\Ait (1);; 
GROUPCASE EP: 

GROUP UMP(TYPE = 'E'):· 
· EMPII: CIIAH(20);; 

SAL: lli'CIMAL(8);; 
END EMP: 

GHOUP PROJ(TYPE • •P'): 
PROJ#: CIIAR(4);; 
TITLE: CIIAR(20);; 

END PRO.I; 
END EMP-PROJ; 

END DiiPT- REC; 

Fig. 4(b). DEF_INE de1-1cript.ion Of sclf-describing da.t.a 

The DEFINE dcscription of this drl!.a st.rearn is given in Figure 4(b). The hier­
arehic struct.urc is madc t'Xp]icit by "embedding" the group EMP-PROJ within 
thc grnÍ1p DEJ>T-REC. The repctition control is described by the OCCURS 
clausc. The GHOUJ>CASE statcmcnt describes the conditional nature of the data 
strcam on each ikration. On each iteration, the TY.PE itcm will be isolated by the 
lkmlcr. On t.his hasis, onc or thc other (or neither whcn therc'is ~n error) of the 
eimditiorutl groups is selected and the. data stream processéd accordiúg to t.hat 
df~~cription . 

. < ~onrlit,i(mnlly úppcnrin~ if.ems or group:--; am ·lmnrl!cd simllnrly to thc EMP 
or PH.U.J J,!;'roups in Figure 4. A pn:(li(~:t1.t~ is a~~ociatcd with thc itcm or. group. 
Thif. pn·dicnk j¡.;, t~vnlua.l.('(l (possil,Jy by using lonk-alwad techniqucs to find thc r'dc­
vant o¡u:r:uul~). lf l.hi• pn~dil':d.f~ t~\·:tlu:d.P:;; to lrw:, thc item or group is proccsscd; 
ot.lu~rwi:--a: it, dot·:--; nol. appt:ar in t.he data stn:am. · 

J'h;FJNE also lws a widl~ varidy of colL'-'I.ruds for dcst~ribing n:pdit.ion. Üne of thc 
J¡·ga.l rept:t.itioll control elauses is: . 

OCCUHS FROM HiTO 20 TIMES, 
. 1'1\ECEUED BY'(', 

INFIXED BY',', 
FOLLOWED BY'),'; 

Thi~ description will cause thc~ H.t~ader t.o ust! iHformation in t.he data stream t.o 

deliffiit. Uw repc:t.ition. All 1.hn)c clniuws are opt.ional to accommodate the various 
possibilit.ies found in real data, The Rc:ader will eheck t.hat thc data conforms to 
t.lJt~ reJIÓtition brn1nds. 

A('M TnuJ.~Iu·tiun~ on llntlllm:oc Syst~ru8, Vol. 2, No. 2, Ju¡w 1{177 . 
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A co_mmon ea.se in th1J nrra~gf:ment of data in a hiedtrchy is tO ha ve the iri~tances 
belonging to the same section uppearing in top to bottom, left to right arder, with 
ea eh group carrying a "type codc." This ease is (liscm;scd in more dctail in Scction 
4.1. In D>:>'INB, a group in this hierarr.hy eould be described with 

OCCUitS FROM o T!M~;S; 
with each inRtnnc~P. · 
PRECEDED RY HEX '03'; 

As nrwthcr cxamJ)le, 

OCCURS F!WM 1 TIMES 
UNTII~.ll = O; 

dcsc:rihe~ data df:peruknt rt!pdition. Thc Rcadcr would continuc parsing instances 
of thPse ~roups until tlw conrlil.ion bccaffic true. 

In n.ddition to dc~crihing Úw structurt! of t,he dn.tn strcam, _ÚF.FINE has. many 
.faciliti<"s for stuting vulidity cl"'ek.• that should be enforc.,d. Value rangcs and sets 
of legal value:-; may be Uecln.rt:d. For examplc, 

!L BINAitY(Í5); VALUJ•; !S> 10 AND < 30;; 
12: CIIA!t(5); VALUE IS IN ('NUT','BOLT');; 

. ·:Furtl"'rmoro, the lunguage has li powerful .user-extendiblc picture facility. In 
addition to the normal alphnbd.ie (A), digit (!J), nnd alphanumeric (X) picturcs, 
a user can define chn.rn.ctcr Iiterals that" must cxist in certain po.sitions. Thus 

'99''Q'' AA ''7 1'99' 

1 • • 1 

would s¡"'eify tw<i digit,,"tlw lettá Q, two alphabetice, thc digit 7, ancl two more 
digits. Sets of t:h:lradr.rs can also br. d!!cl:tred its in 

_PICTUHJ•; CODI•; D i!i ~---' Olt '/'; 

. Thi:i ·would n.JIÍ1w dat''!'l writtcn in various ways to be sp(~cif!cd as . ' 
99ll99Dn!l 

Varinhlt~ "lcngth string!i ean also ·hn handlcd: 

I'ICTUitE COili•; t¡ !S '!1(1: 3)'; 

rneans the cln~s of digit!'i of l(:ngt,h 1 to a. Omi&.-;ion of the upper. h<iun~ irnPiies . 
!ndcfinit(~ ft!pctition. Thus if 

PICTUIU~ CODE U zs·• ", 11909'; 

then the picture 

QR(O:) 

d<•scribe" nn inddinitc lengti1 digit string nf thc form 
9 
!l9 
!)!)!1 

9,999 
etc. 

In ndditiim t.o t.hc pietn~e .fneility;· DF.>'INF. ha.q considerabie cditing capnbility. 

ACM TrnnMr.tinn,. on .DalabÁae SY_at~rn~, Vol. 2, No. 2, Juoe U177 . 
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The TRANSLATE clausc allows data valucs to be changed on the basis of a tablc 
look·up function: 

TI\ANSI.ATE ('EXY','EXPY','EXWAY•rTO 'EXI'WAY'; 
TI\ANSLATE C. ')TOO; 

1 t is ni so e as y to change thc type or lcngth of an itcm in cither the Readcr or thc 
Writ<~r· D1::FJNE spreificn.tion. 

Of eoursc usPrs will want to inscri. their own error detCction and corrcctioÍl pro­
cedurcs, and thes1~ ean be 1wcOmmudntcrl, as v.·ill b(!comc clcar in Scction 4.1. Thc 
uscr proeedures will bL' call~~u eÜJu~r uneondit.ional1y or orí Homc dctectcd condition. 

To summarizc, DEFINE is a Íwnprocedural data dcscfiption lnnguage oriented 
toward hicrarchics. It makcs cxplieit thc hit:rarchical group and ítem structures of 
t.he s~mrcc data, which may haw hccn proecdurally or implicitly defined in the 
souree syRt.cm. DEFINE is similar in organization and data stru'cttirc concepts to 
cxisting rbt.a deseription facilities. Thus it shouhl not be difficult to lcarn. How­
ever, DEr"INB is more powcrful than common data descrijJtion languages because 
of it.s nbility to deal with common <:ases of sclf-dcflning, variable, and optional 

data. lt.s cxtensivc error checkirig capahilitics allow the ·Rcadcr proccdÍlre .to per­
forrn ma.ny checks_ fH·, thnt. U!-lers may 1'dean" their data befare restructuring he· 
gms . 

• 
3.2 CONVERT 

Co,VBI!T is a vcry high kvel languagc dcsigncd to ~pera te on hir:rarehical data. 
lt eoutuins u total of niw~ opcratiom; in.thc format uf 11opern.t,or (opcrand)" (Figure 
!J). Corwt~pt:tÍally fi-nm a u:-;er's vimrpoint, ~very operation starts with one or m'orc 
rr.al lile~ and gc11erates n. real file. Thus evc~ry CoNvEnT statcment in vol ves an · op· 
t~n~t.or with an assignm(~l!t. o¡H!ration in t.iu~ formut of 

Tnrgct-file = Operation; 

H1nrever, CoNVEHT_ operat.ions can be rw:;ted. 'In such cases the assig-nment is 
irnplicit. Thc systcm assigns a file name to thc rcsult of a ncstcd ?PCration., 

1'1"' st.ructure of the .target file can be dedarcd i!ithcr on thc left,hand sidc of 
tlw as~iv;nmcnt or in 11 srparatc · dcclaration. In cithcr case thc structure on the 
Jdt'rnust. lH! r:onsistcnt wit.h that·of thc opcration on the right. EXPRESS c.an also 
<kriv1~ tlu: strueturc of filPs whrm río cxplicit declaration is givcn. 

l•~or couvr.nienee n CoNvi<;ÜT user may vi(~\V his hicrarchicul data rePreschted in 
H t.ahular format callcd n'· Form.. Figuren shm\'S thc <:orrespondcncc bctwecn a t)•pe 
tr"c or hicrarchy gmph (~"prescnt.ing ü,., structurc of a file) and a Form. The 
t.ypc trec corrcspond.s to the hcading of t.hc tahlc, refcrn~d to as a Form Schem_a 
Jlepeat.ing grm.qJs are enr:loscd in pai"cnthescs in the Form Schema. The data 
inst.i:tne1:s. t.ogct~her with t.he type t.rce mnk1: up th.c Form. Furthcrmorc, note that 
suhtn:1:s·are 1ianwd hut not. ev<~ry kvcl (i.e. nod(~) of a trcc is nnmcd: More dctailed 
(f('seriiJtion of Forms <:au he.fmn;d·lu art.ides {8, 12, 21] cited in thc Referenccs. 
\Vhen no· eollfu~ion exists, t.he t.cnns Forn~ a.nd file will be uscd intcrcluingcably. 

· J .c:t'us now-proc:1~ed t.li d1~~crilw thn:e uf tlle CoNVJ<~itT opCrn.tors,-SLICE, SELECT, · 
aml C:ItAI'T, ·to illust.rat." thf!.lnn~uag(,': TI\~ following conventions will be used: 
() to d(:J_l.otr. an optional duus~, / t.o denote altr.rn.'\.tiV(~, cnpitnllctt.er '~F." to de~ 
ACM Trtt.h~hclion~ nn llhlnbi!..!!C ~y~l•·m~.·Vol. 2, N1i.·2, J¡¡¡.¡o 19.Ú. 
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l. Assignment 

2. SLICE (el, ... ,en FAOM F) 

3. CONSOLIDATE (F) 

4. SELECT (<Exprl, ... > FROM F <WHERE selection criteria>) 

5. GAAFT 1 Fl ONTO F2 <BEFORE/AFTEA f> 

WHÉRE match criterio<, ELSE F1/F2/F1;F2 PREVAIL >) 

6. MERGE (Fl, F2) 

7. ELIMDUP (F) 

8. SORT IF BY 11 <ASC/DES>, ... , fn <ASC/DES>) --- . . --'-

9. ·suilt-in functions: 

SUM, MAX, MI N, COUNT, AVG 

Notations: 

< > optional-specification 

1 alrernative 

F 

e 

dcfault 

Forrn ndme 

field name 

component {fiel~ or subtree) name 
-~~-----' 

l<'ig. 5. CoN"VJo~u·r opemtionll 

143 

note a Foi-m, Mma.ll kÚer "f" to dcnotl! n. ficld·, and small lcttcr "e" ·to denote a 
comporwnt. (i.o. fldu or subt.rc.,). 1\eyworcls will be capitalized. 

(1) SLICg (el,, .. , en FllOM F) 

Thc objcctive of this "l""ation is to transform hierarchienl data into a fin t. file.· 
Conscquently thc comporwnts el, ... , cli must all be containeu inthe sume hier­
archicai pnth. Thc opcration can stop n.t an.Y lcvcl. Howevcr1 no level cnn be 
skippcu. U sin¡¡; th<' DEPT l•'orm in Figure(), the opcration 

D- SLICf~ (DNO,MOR,Í'JNO,LEADER,DESGFROM DEPT); 

·will produce. n rcsult likc thut shown in Figure 7. 

(2) SELl•:CT ( <Expr 1, ... , Exprn> FROM F <WHERE sclection criteria>) 

The SELECT opcrator •elccts the part of a Form 1~hich meets the selection 
cfit1;ria. Thc opcrution m1ty be quite simple," a .. '! in thc case of a projecti~m of 8. flat 
fill!, or it may be quite eomplcx, involving thc selcctio~ of diffeient eo;,ponents · 
bn.,.,u on the content uf the fields. In general an Expr éan be a componen t. a built-in · 
function, or arithmetk op<•.ration,.or a CASg (to be dcscribeu later): A selection 

ACM Tnu1~M.lionn on Dat.&base 1'3yatema,_·vol. 2, No. 2, June 1977. 
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OEPT ,---------------------,-, 
: . [ONQTMGR Gü?GITJ : 
1 

1 
1 : ;.; ¡- PROJ -----; 1 

1 L~~B íG~~- LEAOER . \ 1 

1 11 EOUIP 1 1 
1 1 1 
: : ~;;MNO ~ 1 1·· 
L ______________ ~ ___ ':::.~::·-=:::====~-J 

Himarr.hy gtiiiJh or TYpe tree 

re--·---------------·-------·-·--
(DEPT) 

!----,----- ----- ·--------- --- .. ---·--·--------
(EMP) . (PROJJ · 

---DNO MGR BUOGET 
(tOUIP) ENO JOB PJNO LEA DEA 

• DI 

-·--· 
. 04 

ITEMNO 

OOE 4()()()0 19 ~~~- . J6 __ RAE "' 41 SE~~ JB . MEE 46' 

" TECH 317 -- ··---- -
__ ..!!__ ENG Jll FAR 271 

1---- t--~-r---,()(JOO so 
---· 

60 CHEM J9 LA 47 
--'--

Fig. O. A "Form reprcsentation for DEPT 
Note. A rePeating group is represented by ( ). 

_,--'----------

DNO 

Dl 

Dl 

DI 

01 

l?4 

MGR 

. DOE 

DOE 

DOE 

OOE 

so 

PJNO 

J6 

JB 

JB 

Jll 

(DI 

LEA DEA 

RAE 

MEE 

MEE 

FAA 

J9 LA 

DESC 

1 . COMPUTER 

SCOPE 

LASEA 

COMPUTE A 

MICAOSCOPE 
---

Fig. 7. Example of 1t. SLICE operation 

OESC 

. COMPUTE A 

SCOPE 

LA SER 

COMPUTE A 

MICROSCOPE 

t~riterion is oue or more logical fRctors coñnected by ANDs. E~ch logical factor is 
n Hr.rics of compnri!-iOJl expn~ssions separated by on ... .,. Each comparison expression 
h:is thc form "oporand OP opc"rnnd," whcre OP is one of · the elcment.s in 
(EQ,GT,LT,NE,GE,LE) und opr;rand is a ficld or an arithm'ctic expression in 
the source Form b"ing proccsscd. Thus, for exnmple, the CoNVERT statement 

T =e SELECT (DNO,MGH,I'ROJ(PJNO,LEADER) FROM DEPT. 
WHERE DESC EQ 'COMPUTER'); 

for thc DEPT Form in· Figure 6 will produce the result shown in Figure S(a), and 

ACM Ttat~Mctiuna 6n n,.t,lblll!r. l'y~lo¡u~. Vol. 2, No. 2, June 1977. 
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(a) (b) 
r------------

ITI 

IPROJI 
DNO MGR DNO BUDGET 

PJNO 

DOE J6 DI .soooo 

JI t 04 30000 

. Fig. 8. EXample~ or SELECT operations 

the statcment 

T ~ SELECT (DNO,BUDGET = BUDGET + 10000 FROM DEPT 
WHERE (DESC EQ 'COMPUTER' ' 
OR.DESC EQ 'MICROSCOPE')); 

will result in a Form likc that in Figure S(b). Note that thc selcction process for. 
this operation rescmbles scratching out items not wantcd. In the first SELECT 
(Figure S(a)), for example, project J8 docs not satisfy our eriteria. All instances 
of this subtree thercfore have been scratehed and discarded even though DI has 
been selectcd. lf no instancc of DESC survivcd in the seratching process, its parent 
will be swttched, am! W<' proceed to examine thc ncxt leve! of its anecstor. Thus J\J 
bccomes scratchcd and so does the parent of .J9 (i.e. D4). As a rcsult, D4 does not 
appcnr in thc target Form. This proccss is .referrcd to as the scratch algorithm. 

A more e¿mplex operation for the SELECT opcrator is thc inelusion of the CASE 
clnuse fnr testing thc eontcnt of a field prior to making a proeessing decision. To 
illustrate, let us consider some examples. Suppose that, using thc Form D (shown 
in Figure 7), we wish to create a ,!)e with a fidcl A whieh eontains manager (MGR) 
.if the item description is "COMPUTER;'' but the projcct leader (LEADER) 
if the description is. not. Furthermore, WC wish to retain department number 
(DNO) and description (DESC) information in the target file. In CONVERT .it. 
becomes 

T(DNO,A,DESC) = SELECT (DNO¡ 
CASE(A = MGR WHEN DESC EQ 'COMPUTER', 

DESC 
FROM D); 

LEADER OTHERWISE), 

Thc result or this statcment is shown in Figure 9(a). 
When a sclection eriterion exists in thc SELECT operator with a CASE clause,. 

thc sclection eriterion will be cvnluated prior to the CASE operation. Thus . 

T(DNO,A,DESC) = SELF:CT (DNO, 
CASE(A = MG!t WIIF:N DESC EQ 'COMPUTER', 

LEADE!l OTHERWISE), 
DESC 

· FROM D WHERE.DNO NE 'DI'); 

will result in a Form withuut depurtmer;t.· Dl likc that shown in Figu~~ 9(b) .. 

(3) GRAFT (Fl ONTO F2 <BRFORE/AFTER f> WHERE match criteria 
<,RLSE F1/F2/Fl,F2 PREVAIL>) 

ACM Tnul11uctiona on Drr.tabMe Byatema, Vol• 2, No. 2, June 1977. 
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(a) lb) 
--

ITI ITI -
DND A DESC DNO A DESC 

---
01 DDE COMPUTE A 04 LA MICROSCOPE 

01 MEE SCOPE 

01 MEE. LASER. 

01 DOE COMPUTE A 

04 LA MICROSCOPE 

·-
Fig. 9. Exnmples of SELECT operations involving CASE exprcasions 

GRAFT is for thc ·joining of two trecs to form a larger tree. By using 
t:he BEFO HE/ AFTER ·option, a trcc Fl can be grafted to another tree F2 at a 
position inilncdiatcly to thc left or right of it ficld fin F2. lf thc BEFO RE/ AI':TER 
is not givcn, Fl will be joincd to F2 at thc rightmost position of F2. 

Furthermore, t.hc match eritcría is a conjunction ~f equal comparisons in the . . 
formut of 

gl EQ 11 <AND g2 EQ !2 ... > 

wlu:rc gl, ... are ficlds in Fl and fl, ... ficlds in F2. lf thc match criteria are satisfied, 
thc inst.anccs will be joincd. ~<\11 ficlds in both F! and F2 will be included in thc 
targct. Form. Howcvcr, only onc ficld in ench match will be in thc resulting struc­
t.urc, l!.g. l'it.lwr fl or gl will appcar in thc targct but not both. As an example, 
suppose t.hat thc DSUP Form with dcpartmcnt and supplier information as shown 
·in Figure lO( u) is to be joincrl to thc DEPT Form in Figure 6 to crea te a ·file "ith 
structurc shown in the hicrurchy .graph of Figure !O(b). Thc CoNVERT statcment 
for this will be 

T = GRAFT (DSUP ONTO DEPT BEFO RE PJNO 
WIIERE DEPT.DNO EQ DSUP.DNO); 

Thc result Form, T, is shown in·Figurc !O(c). 
lf the PHEVAIL elausc is spccificd, an inst.nncc will be produced cven whc.n thc 

fldd valucs do not. match. Thus thc st.atcrncnt 

T ~ GRAFT (DSUP ONTO DEI'1' BEJ<'ORE PJNO 
. WHERE DEPT.DNO EQ DSUP.DNO, 

ELSE DEPT PREVAIL); 

will produce a resulting Forrn likc t.hat shown in Figure !O(d) .. 
Although many issues nrc no~ diseusscd here, the above discussion is sufficient 

to illustrate the cssentials of tho ]anguagc. The operators not discussed ·are self­
ciplanatory, cxcept perhaps for CONSOLIDA TE, which is·thc inverse of SLICE 
and is uscd to construct i1 t.ree froni a flat file. For further understanding of the 
llingunge, the rcadefis rcfcrrcd to 18, 21], 
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. (DSUP) 

ICOMP) 
DNO 

SNAME LOC 

01 ACME SF 
EMCO MV· 

05 DELTA LA 

OXA NY 

lb) 
T 
r----------------------1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 1 
1 : 1 
L--------~------------_::J 

Id 
---· 

' !TI 
-- e------ ----

. (EMP) (COMP) (PROJl 
T ~~.JOB --

SNAME LOC PJNO LEAOER {EQUIP) 
MGR BUOGE 

ITEMNQ OESC 
=~ =~-- ..:=-:-~= '-""==~= ··--,--- -,_-,-.;;o= -· 

OOE 40000 19 ENG ACME SF J6 RAE 221 COMPUTE A e----- -------- ----e'-'-· 
41 se e EMCO MV JB :. MEE· 46 SCOPE -- ·--- ---- --·---52 TECH Jl7 LASEA 

m· .. ENG J11 -FAR 271 ,CO~PUTER 
-

(di 

!TI - .. 
lE MPI ICOMPI" . (PAOJI 

JOB SNAME LOC PJNO LEAOER (EQUIP) 

ITEMO OESC 
" :0...~-- . -

Ot OOE ENG ACME SF . J6 . RAE 221 COMPUTE A. 
¡------ ---·-

SEC EMCO MV. JB MEE 46 SCOPE 

~~-r---• ---
LASEA -~ 317 --- :...___._Jil ENG . FAR 271 COMPUTE A -----

04 so CHEM. -- J9 
L---·---

LA 47 MICAOSCOPE 

' 

Fig. 10. Examplett of-GRAFT opcra.t.iona 
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DEFINE Source 

0---f--D-E_F_s_l'---1 

0--- f--D-E_F_s_2--i 

DEFINE 
Cornpilcr 

Fig. 11. Hender (DEFINE) compile phaae 

4. EXPRESS ARCHITECTURE 

P L/1 Programs 

Reader IS11 

Reader (52) 

This s~:r.tion describros thc nrehitccturc for implemcnting the Read and Restructur­
ing steps. The funet.ion of 1.1"' EXPRESS system is to translnte arin execute the 
speeifiention languagcs D>:FIN>: nnd Coilv:r.lt'r dcscribed in Section 3. EXPRESS 
can tJf' dividNl into 't.wo bn~ie phaH{~¡.;: a cmnpüc-timl; vhase nnd a r~n-time phase. 
Befor<~ going into tlw dPtai\(~<i nmhitecture, w<~ shall give nn ovcrview of what 
hnppens in mch of tl"'~e pliascs for the Dr.FINE and CoNVERT languages. The 
general arehit.Pcture <lf t. he DJ·;FINE compile-time phhsc is givP.ri in Figu~e 11 ~ 

Corre.sponding to r.ach Rourcc 'file (e.g. Sl), there is a DEFINE description which 
is com¡iiled by thc DE>'INE compilcr into a customized PL/1 program (e.g. Read­
cr(SI)): In uddition, the DEFINE compiler put.s information into a file called the 
CONVEHT eatalog. This rnt.alog is used t.o hold common tables and statistics (e.g. 
descriptions of thc interna! forms) used by various EXPRESS compile-time and 
run·tim'c componcnts. 

Thc general nrchitecture of the CoNvER1' compile-time systcm is shown in Figure 
12. Here, for cach CoNVEHT opcration in the CoNVERT Bourcc program, the CON­
VEHT eompikr gcocrat.cs a cust.omizcd PL/1 procedurc callcd a CONVERT Operalion 
}'r¡,r..:dure (COP). Entrics Hrc put into thc CONVEH'I' catalog (e.g. the structurc of 
the d1~rivcd Forms). A component. rdcrred t.o "as the Annlyzer is invoked. Thc 
Aunlyzer ren<ls the Co!\VEHT eataloJ?; aud generutes nn Ext'cution Schedule, which is 
a f1le <:ontainiug joh cont!rol lnngunge st.ntements nccessary to cxceutc the COPs. 

The Dt~FINE ru11-túnc pha~w is piet.urcd in "Figure 13. ·At this time cach Rcader 
progrnm, gencratcd rit eontpilc time, is e~(ieuted in order to tran~form onc source 
file to · its eorresponding interuá.l form rcpn•Hcntntion. During R.cader cxecution, 
each instauee of a typc trec (i.e. sect.ion) d.:scribed by DEFINE is mappcd to a 
(variable l.:ngth) ·reeord in t.he interunl form. Th'"" records reprcsent the hier· 
arehy with byte offset poiniers. The COPA use tht•se pointers to cfficiently proccss 
the scctions. The Hender procedurc alw eollcct.s stntistics on t.hc sourcc file and 
puts tbcm intO thc Cosvr;uT catalog nnd produees nn error rcport ftlr crro1~eous 
d~a. ' 

Thc Co~VEHT ruit.fime phasc (shown in Figure 14) consists of exccuti~g the COPs .. 
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·lt 
EXPRESS 

CONVERT program P L/1 proc~dures 

staternent 1 
COP 1 

CONVERT 
· Cornpiler 

staternent2 

· statement 3 

Fig. 12. Hestructurer (CoNV~HT) cUrnpilc-time phn.'ie · 

Error 
Report 

Fig.- 13. Header (lhÚ'tNI-:) run-tinle phll-Se 
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generu.te(l-hy the CoNVEHT compi!Cr. ·Each COP scqucntially rcads itS input files 
(in iritcrnal form) a scction at a time u.ml performs thc rcstrueturing to construct 

. onc ·outptit :-~ection. This proeedurc j::¡ rcpcn.tcd until thc inputS are cxhausted. To 
aÜow· seveml CÚP:i tu run concurrcntly ,- wc introduce the notion of "pipelining." 
·we defitw u CoNvY.~H'l' opcru.tor n..~ p·ipcable if it has thc nbilit.y to proccss an input 
sr.etiou in(kpcndent of other Sl~dion;--1 to bt~- proees:-H~ll. A pipeline is a· series of pipc­
nblt~ o¡u~raf.nr~. Tlw dT(~et of pipdininv; ean be illu:-~trat,Ctf by- consiüering the sirnplC 
CoN v~o:H'I' pro).!;mm: · 

FOH.M H (A, 11 (C, ll (1•:))); 
1 = ~J.[CI•; (A,C,l•: I<'ltOM H).; 
T "' HELECT (ALL l•'ltOM 1 WIIJi:ltE A LT 10); 

This can he d(~picted ll!i a Pmccs.~ Graph (Figun! 15). 
Thc opcmtors SLICE unrl SELECT define u pipeline. Every time SLlCE puts 

out a :-teetion to 1, SELECT can be invoked to proee!)H l. Thc rcsulting target file 
T would be thc siune us if SÜCE gencráted thb en tire file 1 befare the SELECT 
waR initiatcd. · 

Subsc<:tions 4.1-4.1 dcscrib<i in detail.thc compile-time andrun-time phases of 
thc Üead stop (DEFINE) and the Restructuring stép (CONVEHT) . 
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COP1 

Supervisor 

Fig. 14. (ahovc)'Hestructurcr (CoNVEHT) run-timc pbase 
· Fig. 15. (Hight} Exnmple of a procesa graph 

4.1 Reader Architecture 

,. 

Thc Rcnder's mnin l.ask is to access the data in thr.ir sour9c formát, check them, 
· and eonstruet thc interual rc•pr<'SIÚJtation of ~~neh :-;ection. To undcrstand the 
HPadl!r, it. is convcnicmt first to 1~xplniu thc húhavior of thc (generated) Rcader 
pro~rnm during éxi~cutiou. \Ve t.hen outJine thc majar concepts of -the DEFINE 

f~OIIlpiler, whic:h gf~Jwrate!:i the Hcarlcr. \Ve nlso diseuss the problcm of handling 
dctt~d Pd 1:rrors in su eh a wny that users ean mnuagc thc sometin.les vOluminous 
error _rt~port.s thnt f/dirty" data can IJroduee. 

As diseussed in SPction 2, the rending proecss is broken 'into two parts. One part; 
callcd t.hc Physical Rcadcr, is rcsponsible for uccessing data by using the .access 
mct.hods of thc sourc:e systcm. The other part, ca!lcd thc Generated Rcader; is 
rcsprmsibl<! for all othcr parts of the reading proccss. · 

Figure 1 G outlincs the data and control flow b~twccn the Gcnerat.ed and Physical 
Rendcrs during cxccut.ion. The Gcncrat.cd Jlcndcr is the main prógram. It calls 
thc l'hysical. Hc:udcr t.o dclivcr to it.s buffer (JNBUF) the "ncxt" ítem inst.ance in 
t.he byt.c: st.rcnm t.lw1. was dc:scribr.d in D>:FlNE. It is thcn t.hc rcsponsibi!ity of the 
l'hysic:nl Hcudc:r t.o materializc t.his data requcst. Iu practicc this is not. a difficult 
t.ask; it geuNally iu.volves rdurning thc ' 4 IH~xt'; bytes in ·an interna} buffer and 

.refilling t.his buffer whcn m•cessary wi1.h n cnll to the sourcc sys~em acccss methods. 
Thr·. Physicul Hender is systcm dependen t. Bc.cnusc of this, it has the knowledge 

of nppropriate calling convcnt.ionR within the f->Ourcc systcm to ohtfiin more data. 
AJso, the Physicnl H1~adei= 1:nn removc from thc dnta strcam ·any information 
whid1 is inapprojJriHt.e f or the user vi e\\; ns d(~Sc~ibed by DEFINE.· For example, 
vol u me hender nnd t.rnilcr red1rds, du~ckpoint reec.Jrds occurring !lt random in-· 
tervulr-;, :m<_i record rn:lrkR iH!-><•rtl'd by ·t.hc ~yst.cin: whcn spanning variable 1ength 
J'(:cord}i would all be lmr(kusonw to d1·~cribe ancl might rcquirc too gr~at a lcvel of 
expt~rt.isc from tht~ D.:FINf: u~c~r. 

Gc:nera]ly 1-here tU'<: eight 1:nt.ry póints in UJC l.)hY.sieul Rf'lH~cr. Thesc.s~broutincs 
proviclc thc nbility to ret.orn. data 1Jmt"nre j(next" on t.h~ b.n.sis Of Iength, delimiter, 
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CALL 

' 1 
1 
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INBUF 

GENE RATEÓ 

READER_ 

1 SECTION 

L ___ _ PHYSICAL 
· READER 

SOURCE 
SYSTEM 

Fig . .16. Cenerftted and PhyHical Reader 
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lnteri1al Form 

or pattl!rn criteria: Look-ahrnd facilities nrc provided (for cases such. ás record type 
in column 80). unrl Boolcun valucd functions exist for indicnting ail end of (physical) 
record or cnd of file condítiun. The DEFINE compiler determines during progr8.m 
generation which of thcse entry points to use on the hasis of t"hc DEFINE dcscription. 

To ",nove the Rcnder toa ncw cnviro.nment orto access.unusual d~tu., only the 
Physicnl Heud<!r """"" r<!progmm~•ing. This is genernlly at most a fe\v hundred 
statements of codc . 

Ü1Íc" one dntn item is delivered to the Generutcd Header's buffer, a templute 
(PI./1 bnsed variable) gl!ncruted ut compile time is luid over it. Statements are 
thcn exccuted to rémove d<!limitl!rs, check validity, and ti-anslatc the data accord­
ing to any· TRANSLATE elnuscs. A uscr cscap<! is also ·possiblc .herc. An assign­
ment atntemcnt then moves the data (possibly with type eonversion) to the ap-
propriate point in ihe intcrnnl representation. · 

If during the chccking process un error is detected, a messnge is writtcn to the 
·error lile. We defer thc detnils of error handling untillater in this section. 

The DEFINE eompiler has responsibility for gencratin.g the Header. From the 
discusslon above, it can he scen that this irivolvcs such problems a..,: 

{a) Deciding if an itcm or group exists eonditionally or ·unconditionally' in the 
dnta str.,am. . · 

(b). Gcnerating the propcr ·control structure for conditional or repeatirig groups 
<.)r ¡'terflli. . · . . . 

(e) Discoverii1g how to isolate an item and ·gcnerating the ·approphate cal! to 
the Physical Heudcr. · 

(d) Generating cod" t.o·check and translnt" cnch item. 
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(e) Gcncrating error message statemeÍlts. 
(f) Gcncrating declarations for the interna] structurcs and the byte stream 

(coming from thc PhysicRI Readcr). 

1 n ~>ddition cod.e is gcncrated to collect statistics nceded by thc anRiyz~r. 
To illustratc thr. kind of C<~Ír. generated for an it~m. consider thc description 

ITEM 11: CHAR(PIC IH 'AA9(3)');; 

Thc cmnpiler would ddcrminc from the pieture that the item has an implied 
Jcngth of live ehnmetcrs. Jt would generate a cRII to thr. Physiclll Reader to rcturn 
thc ncxt live charnct'"" to the Gcncrated Rcader input buffer. Having generat~d a 
PL/1 BASED dcclarntion for 11, the compiler would genera te code to check con­
formance with t.hc •cwu:iated picture." This involvcs scanning the picturc to find 
substrings w],ieh can be tn:atcd as a group (like AA) and using the PL/1 SÚBSTR 
(substring) fuiJCtion· to isolate portions of thc itcm. Thc PL/1 VERIFY function 
is then uscd to i:Jú:ck uppropriatc charactcr scts for CRch substring. Failure of any 
check. would tri~gcr an error m1~ssage. Finally, nn a.•mignment statement is gcn­
crated t.o movc thc data toan clcment having "similar hamc within.the intcrnal. 
form hir:rarchic record t.hRt is br:ing built. 

,,,., Wc now turn to thc ~enr:rnt.ion of <:odc for optional and rcpcating structures. 
Figure 17 givcs R diagram of hir:rarehieal subroutine calls of thc DEFINE compiler. 
This is "simplifir:d vir:w of t.helcntire proccss, but is sufficient to illustrate themajor 
points. Each nodc rc¡m•scnts 11 subroutine (or collection of subroutines); which 
RCcomplishcs thc functi~lll dcscribcd. Each are from a higher leve] node to a lower 
leve] nodc rcprr:srnts a eall to thc lower leve] routine,' whieh will return when aiJ 
~~ its steps are finished. . 

Thc basic strat.f:gy is to walk thc modcl of the hiemrchic record, as given in the 
DEFINJ<; drscription, gcuerating t.he Rppropriatc codc and dcclarations for each 
item or group .:nc<;unten:d. Thus thc parsing portian of thc compile~ builds,tables 
reprcscnting thc hicrarchic record structurc togcthér with all attributcs that were 
given. Thc gcncration portion of thc.c:ompilcr then walks thesc tables. As is shown 
in Figure 17, for each itcm or group in the DE>'JNE description,·a master ro~tine 
classifies it int.o oi1e of·four categories-conditionally appcaring. itero, ~nconditional, 
itcm, eonditionully ap¡waring group, or unconditional group. If the component 
(i.e. it.Pm or group) is eonditionRI, an IF ... THEN stat.cment is generated which 
(at run time) cvaluatcs the associated condition. Thus i.hc codc to parsc the com-. 
ponent will be exccutr:d only when the componcrit. is prcsent. Thc Readr:r generator 
then trr:ats thc component as if it appearcd unconditionally arid éáJJs lower leve] 
routines (PARSE_ITEM or PARSE_GROUP) which ·generate code to parsc 
the item or group. lf a group rcpcats, thc chamct.cristics.of its repetition (delimit­
crs, occurs depr.nd"ing on, etc.) nrc cxamined, and thc nrPropriate loop invariant is 
selceted for usr: in n DO WHILE itr.ration. Thc group is then treatedas nonre­
pcating and- a· eall-is mude t.o parsc a .sipglc -inst.ancc. Having reduced the more 
c:omplex cases to gencrnt.ing eodC to pnrsc' onc instancc of a··group, the master 
routinc is callcd rccur:-~ively for (~nch grÜup componcnt immediately containcd 
within t.hc group. Thus t.ht: genoration of ncsted iteration Rnd conditional state­
mcnts (rcftecting repcnting groups within rcpen.ting groups, etc.) is a consequence 
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l<'ig. 17. Subroutine calla or the DEFINI-; compi~er 

of the recursion ami subroutine calling sei¡uence structure. The generated· code, 
howcvcr, is not rccursivc .. 

As nn cxamplc of thc gencrated DO WHILE structurc, consider the DEFINE 

dausc n8Soc:inted with. nn IMS structurc like that shown in Figure 18. Here each 
instancc of a subtrcc is optional, 8.nd its cxist~nce is·indicated by a "segment code" 
in thc first byte of thc group. The gencratcd control structure has the form shown 
in Figure l!l. Thl! function NCHI)_RLEN is a Physical Reader function which 
"lookM nhend" H bitl-!. Givcn that a mat1:h is fouml, code is executcd to allocate a 
new :mbtrl'e in tlw intornnl buffer. A count of t.he numbcr Of loop. itcrationS is also 
kept., 11.-'l this <:Hn b1~ ww_d tipon loop ~~xit to_eompurc with a running maximtim ?f 
t.hc maximum Humlwr. of ehildrcn undf~r n givml parcnt. This i~ one of the_ sta-
tistir:s uec:d1~d hy tiH! An1dyz,!r. . 

We now· tu.rn to the prohl1:m of dntn.: error:-~ enc:ounter1:d .by the RcUdcr. It is 
gcrwn~lly rcc~oguized· thn.t duta errorH will fn~queritly oeeur, e.speeially whcn trying· 
to eoonlinatf! duta from divc.rw~ sourccs or installati'Íms. Wc use the tCrm "error'' 
.to rcf1~r tn'.a fttilu_fC. to conform Ío ·a ,validity check givcn in DEI<'INE. T~us úerrors" 
may r_I~Hlilt from n."nmV Cnterprise~wide definition of duta, as well ~s othCr reasons. 
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OEPT 

~o•J=~ 
EMP ~-- . • PROJ l . · 
~ CJ=:=J 

~1 JONES 02 . . 02 .. ·. 03. . 03 ... t. 

GROUP DEPT : 

OCCUHS FROM 1 TIMES; 
FOLLOWEO BY EOF; 
PRECEDED BY HEX '01'; 

GROUP EMP: 
OCCURS FROM O TIMES; 
PRECEDED BY HEX '02'; 

END tMP; 

•. GRÜUP PROJ: 
.OCCURS FROM O TIMES; 
PRECEDED BY HEX '03'; 

END PROJ; 

END DEPT; 

Fig. 18. An 1MS structure 

In nny easc the dctection, correction, and managcment Oí error rcports is an in-
tegral ¡mrt of data translntion. . 

Ao <Ji,r.ussr.d enrlir.r in Sr.ction ~.1, D.oFINE has a broad capability for error de­
t.cd.ion!-i. Thus nnwh of t.hr. err<ir checking and rcporting is· done in the Reader, 
t\tou¡!;h (•.lH:eks Umt. tXk11d nen1ss hicrurc~hieal records ·wOuld normally be handled 
in CoNVEHT. Ext.l~ndt~d piet.un~ codeR, raH~<! und vnluc·checks, and.uscr-provided 
procedurcs "'"' aH be used \o detect errors. Thc TRANSLATE da use and user · 
proec:dures cn11 he uscd to corn:ct crrors. In any case whcn un error is detccted, ·an 
error nw~~mgc is writt.cn t.o an error rcport filC. This error rcport file is in internar· 
forro with t.lw séructure shown in Figure 20. The advantagc óf this approach is 
that Co,.vEH1' can be used to proccss the error files as weU asto specify the re­
stru~turing proc1~s.". Fn~qucn.tly it is nccessary to sclect, sort, or gather statistics 
n.bout errors .. lt is conv1~nicnt to he ublc to distfibutc error rcports by originating 
sourcc (frcquently pnrt of thc key) orto cx~inine erfors of a ccrtain typc on a certain. 
ítem to dctcct pO!-:sible causes of error. Since CONVER1' offers cxtensive data manipu­
lH.tion cn.pabilities, it scelns natur;tl to use it for the error files as well. 

Therc are othcr kinds of errors which are more serious in terms of proper Reader 
cxecution. For exnmplc, if thc numbcr of repetitions of a rcpeating group is given 
by a tount item, nnd thR..t" count it~~m is incorrcct, thefi the .Hcader program can 

. get, 'e out of plil1.~w" T(~lu.t.ive to t.he data ¡.;lrCI~m. Whethcr this will be a scrious prob-

:·t¡: '. 

.. _ ---­' 

. ' 



1 

1 
r 

'1 

1 

1 

1 
i 
·, 

1 
1 

1 

1, 

i 
! 

¡ 
l 
1 

1 
1 

i 
' 1 

i 
1 

1 

1 
' ' 

1 

\ 

2;? EXPRESS 

DEPT _COUNr =·o; 

DO WHILE ¡··EOF); 

DEPT _COUNT = DEPT _CDUNT' 1.: 

code for processing D# and I?MGR 

EMP _ COUNT = O; 

DO WHILE !NCHARLENIBI = '00000010'8); 
EMP _COUNT ~ EMP ~COUNT ' 1; 

codé for EMP subtree 

END; 

statistics code 

PHOJ_COUNT =O; 

DO WHILE INCHARLENIBI ~ '00000011'8); 
PROJ_COUNT.= PROJ_COUNT + 1; 

code for·PAOJ subtree 

END; 

statistics code 

¡• WRITE,ONE SECTION IN INTERNAL FORM •¡ 

END; 

/" WRITE FINAL STATISTICS REPORT •¡ 

ENO; ¡• of Generated AEADER •) 

.l<'ig. 19; Gencriltcd iterntiou structure for IMS 
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l~:m in practiec will not br, known un ti! EXPHESS is u:;ed in a -"live" environment. 
lf the prognun \vhich processed tlw tilt! in· the so urce environmcnt reliCd ~pon this 
count, then it too would hnvc hud prnhlcmR; th.u:-~ it sccrns the eount itcm should 
b1~ rcliuble. · But that i:-t not guu.rautcctL Tlw ·approach ndoptcd at prcsent is for thc 
lle1td(~r· to try to conÚnuc proc(~s¡.¡irig until u maximum 'frror couút is exc~eded, but. 
n. rriorc cautious approar.h to eertain type.:; of crrors rnay be ncces;.;ary.. . 

Currently tlw DBF1N>! c:ompiler doeH not support all legal deseriptions i'n the 
DE!o'IN~~ languagt~: However, cornrnon Conm. ami 11\t[S Rtructurcs· are supported, 
ami seveml test cases huve becn run. It has bcen found that thc gcnerated PL/1 
program to read the file cimtains at lcast ten times as many statcments as the 
DE>'ll'iE dcscription. Thcsc figures vary somcwhut dcpending on the amount and 
complexity of thc validity .chccks and on whcthcr the data is optional. Noncthe· 
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.·Name of Logical 
!te m/ Record# 
Group in 

Physical 
Reader · 

. Byte# in 
Physical 
Reader. 

Key Type Value 
of 
Error 

~re Conformance 
e range 

Repetition bounds 
KEY/ORDER error 
User defined error 

Fig. 20. Hcadcr t~rror report file 

Picture Comment 

!CMS, it is at Jcast a guidcJinc COllCCrning thc JeveJ of cffort ncccssary· to accoropJish 
thc first st.age of the data translation process. Thc gcnerated code is casy to read .. 
lt is prctty·printcd, is cororoented, preserves uscr naroes, and uses only IF ... 

· THEN ... ELSE, DO ... WHILE, and sequcntial control structures. Generating clear 
code. wa.' considcrcd iroportant since uscrs roay want to augrocnt ·the generated 
prograro with extra staterocn ts prior to running thq Reader. 

4.2 The CONVERT Compiler 

Thc CoNVEHT coropiler, produces COPs and an execution schedule by using the 
CONVEHT prograro and inforroation !roro .the CóNVERT Catalog. There are three 
roajor components in thc coropiler: (1) a Parser and. Seroantic Ch~cker, (2) a 
Program Generator, and (3) an Analyzer. The coropiler architecture is shown in 
Figure 21. In this scction we discuss the first two coniponents, alluding to the 
Analyzer only when it is necessary to roake the concepts clear. The Analyzer is 
discusscd in detail in Scction 4.4. 

The Parser will first accept thc Rcader·produced Forro specification stateroent 
and the user·writtcn CoNVERT program. An cxarople of a Forro specification state· 
mcnt is shown in Figure 22(a). In cssence it is a description of the Forro schcroa 
shown in Figure 22(b) or the hicrarchy graph shown in Figure 22(c) "~th additional 
info~mntion ~O 1\EYs, ordering of instnnccs, thc m~xiffium-section length, and oc. 
curreJI(;C frequcncies. Thc Parser enco<les this information in the CONVERT Catalog 
to he u:;í~Ü Ly t.IH: Ann.lyz<'.r and the Prognun G1:ncrator la ter. Ari cxamp1c ·of a user· 

· written CONVEHT progrum is shown in the Appcndix. The ·Parser will unnest any 
nested CoNVEHT statcmcnts, makc surc that all the CoNVERT staterocnts are syn· 

. tactically corrcct, and cncodethese statcroents into interna! tableen tries. 
Ba.•r:d on the CoNVEHT Catalog and the encoded CONVERT statéroents, the Se·. 

mantic Chccker now pedorros its functions. They include the following: 
(1) Target Form dcrivation-:-I·'or each CONVERT statement, th~ target ·Forro 

'pccification is derived according to the CONVERT opcration in volved. For instance, 
given the DEPT Forro describcd in Figure 22(a), 

TI - SELECT (DNO,EMP FROM DEPT) . 

"~11 eausl! the derivation of Tl's cntry in the CoNVERT Catalog, naroely, the en· 
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Parser and 
Sem;uitic Checker 

Analyzer 

Program 
Generator 

PUl 
Compilar 

1 - ., 

EXPRESS 

Fig. 21. The CoNVERT compiler architecture 

coded reprcscntation of 

~'OHM Tl(DNO Cll(3), . . 
. EMP(ENO CH(3), JOB.CH(2)Í(OCCURS 30,7 TIMES)): 

KEY IS (DN0) 0 ORDERED ON (DNO), OCCUKS 8 TIMES, 
SECLEN !S 200; 

157 

ACM TranllllCtiooa on Databll!le Syeteme, Vol. 2, No. 2, June i977. 

--~~----- ---------- - ------------------------ ---- ~---'·..,---------------------- _____ ___L..----------------------



__ .....:.......~ ___ ;_ ___ , ____ ~------··· 

158 

.,, ,._ . 2 ·~ .. 

N. C. Shu, B. C. Housel, R. W. Toylor, S. P. Ghosh, ond V. Y. Lum 

... 
. FOAM DEPT.I DNO CHI31, 

MGR f.HI3), 
·BUDGET BIN, 
EMP 1· ENO CHI31. 

JOB CHI2); 
IOCCUAS 30;7 TIMES). 

PAOJ 1 PJNO CHI21. 
LEA DE A CHI31. 
EOUIP 1 ITEMNO BIN, 

DESC CHI911 
IOCCURS 25,2 TIMES)) 

IOCCURS 1S,3 TIMES, 
KEY IS IPJNO), ORDERED ON IPJNO) )): 

(b). A For"!l Schema 

KEY IS IDNOI. ORDEAED ON IDNO), 
OCCURS B TIMES, SECLEN 15 200; 

IDEPT) 

DNO MGR BUDGET IEMP) IPROJI 

ENO JOB PJNO LEA DEA 

Note: A repeating group is denoted by ( ). 

(el. A Hierarc:hy Graph for DEPT 

J.'ig. 22. Description of a Form 

(EOUIPI 

ITEMNO DESC 

(2) C<insistcncy check-For instance, even though the user is not required to 
provide any Forro spccification statcrocnts, he is not discouraged froro providing 
thcro in hi.s CoNVEHT prograro. lf he has ·provided a Forro specification statement, 
th·c St;roantic Chcckcr roakcs 8ure that the dcrived Forro spccification is isoroorphic 
tO thc uscr Hpecifir.d onc. 

(3) Lcgnlity cht•ck- .. For iiL,inucc, thc components specificd for a SLICE opera­
tion must be im a sin~lc hierurchicnl pnth. For cxample, SLICE (DNO,ENO,PJNO 
FIWJ\1 DEPT) would be. illcgnl: . . . 

Thus, at t.lw cml of thc scmnntic Clwcking phasc, the encoded CONVERT state· 
ffi(~ut.s hnve pas:-;ed t.he l<!gnlity und c:on~istclicy tests, nnd the CoNVERT Catalog 
is uhnost ~:omplc1.e. lu t,lw llt!Xt. phnse, t.he Anillyzer pcrforms al! 11order" nnalysis 
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· ovnr ·,.u the CoNVE!lT 1md Form specification statements. It may impose SORT 
operations to allow pipclin~d operation and thus change the ÓONVERT Catalog. 

Nearly al! CONVERT opcrators can be pipelincd. It is obvious that SLICE, 
BELECT, M~~RGE, and nggregatc functions (SUM, COUNT, etc.) can all be 

.'plticed in pipelines. It is nlso casy to see that whcn the input is in sorted arder, 
ELIMDUP is pipenble. On the other extreme, SORT requircs the entire input file 
to be available befare it can produce any output.' Thus a SORT operation will 
break a pipeline. After investigating severa! implemcntation strategies for CON­
SOLIDA TE and GRAIT, we concluded that when certain sort arder requirements 
are enforccd, they too can be placed in pipelines. In the case of CONSOLIDA TE 
we requirc the input to be sorted according to thc KEY fields of the tnrgct. In 
the case of GRAI•'T wc rcquirc matching ficlds at the root leve! of both input 
Forms, sortcd in the same arder, with the mnteh fields containing the KEY in at 
lenst one input Forrn. 

When the CoNVEHT Catalog is complete, wc are rcady for program generation. 
For each uimestcd CoNVF.nT' statcrnent, we gcnerate a PL/1 procedure to carry 
out thc neccssary proccssing. The detailed procedure gencratcd for each of the 
CoNVERT stntcrncnts could he quite. complicated. The cornplexity arises for thc 
follo\ving reasons: 
· . ( 1) Data structures could be complex. The generated program rnust he able to· 
trnvcrse and build nested repeating groups of many levels, each having a 'variable 

· i>Umbcr of instances. . . · . 
"'(2) Many decisions must be embodied in the gcnerated prograrn. The control · 

l!ow for the scratch algorithm and CASE assignment involve many decisions. A 
GRAIT procedure must be able to decide when one or the other or both input 
fiie~ must be ndvnnced. 

·(3) The output structurc of a CoNVERT proccdure can be'·drastically 'different 
. from its input. Programa which support SLICE, CONSOLIDA TE, GRAIT, and 
'SEI,ECT cxtruct instances of subtrees or portions of nades in building the output 
section. Even when the output structure rcmains the same as the input, the scratch 
algorithm can produce an output Rectiori that is quite different from the input. 

( 4) Data volumc is expected to be large. Inefficient algorithms could severely 
degrade the running time. · 

Althougl; we hnvc no control over the complexity of the processing required; we 
do ha ve control over the quality- of the generated program. Modularity, efficiency, 
and rendability are certainly some desirable qualities for the programs. Readability 
has been discusscd in Section 4.1. We now discuss modularity and efficiency in 
turn. 

In our context inodularity is the nbility to generatc or modify a CONVERT pro­
cedure independent. of the process graph. This a!lows users to modify the generated 
proccdures or add their own without being concerncd with other procedures. It 
also allows the compiler for eaeh CONVERT !Jpcrator to be dcveloped independently .. 
Modularity is achieved by having each procedure. gct its inputs and produce its 
output through a set of I/0 interface routines. The proccdure is unnware of .whether 
its iriputs are produced by a previous proccdure in a pipeline or from a real file. 
· In order to produce efficient programa, we designed n "best" program model for 
ench of the differént CoNVERT óperators. For each individual CONVERT statement, 

. ____ ,:_ 
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wc thcn tnkc thc program model and fit it. with c;•mpile time decisions to come up 
with a customizcd program. 

To illlL,t.mte tht·. optimizing stratcgics, Íct us take SELECT as an cxample .. 
Brictly t.hc fun<:t.ion of a SELECT opcrntion is to composc target scetions from thc 
souree compwu:nt\iw"tnnces wl,tich ha ve survivcd thc scratch algorithm. Thc goal ' . 
ÍR t.o Jl:emmd.l~ n program Umt, will p<irform neces~mry functions with minimum 
tn:anuing ntul mo'YmrHmt, of .dntn. -The following are sorne of thc decisions that the 
ProJira~n (i¡·l~l~l'ltf~1 )f r.rtl! make: ¡ . 

(1) If t.hc sclt·c\ion criteriu involvt'" only t:op li:vd'fields and t.hc targct struct.ure 
is tJu: same ns t.hc' souree, tiH:n· a silün:e se~t.ion is ''passcd" to thc target in its en­
t.in~t,y whr.11 thc sdí~etion criterin are m~t. in "passirig" the data, instcad of actually 
mitving data from sourcc to targd buffer, the gcncratcd program simply tclls the 
1/0 intcrfa!'.C to swap thc buffcrs. 1 

(2), Whcn thc nbovc cannot. be done! thc componcnt instances are moved ·to the 
targr.t flrna as. thc ~crn.tch algorithm is pcfformcd. This rcquires orlly one pass over 
thc data. (An nlternat.ive. would be to márk thc failcd component instnnces on the 
fin;t pass nud ffiove the surviving instances to thc target·area on thc second pass.) 

(:!) Sclr.ction critt•ria are dewmpo.,ed by the Program Generdtor into a sét of 
l~onditimis and n:cordt>d in a tnblc. Each 'of tlwse c:onditions is associated with an 
ohjcct of scrnteh. (An objcet of scrnteh

1 
is'thc inst.ancc subtree to:be scratéhed ·¡¡a 

fif~ld compnrison kst fails.) Duriug th~~ course of gcncrat.ing code to movc dB.tá, 
t hi~ Utble i::: eonsulkd so that reh:vent · lf'sts on t.1wse eonditions can. be piUccd 'at 1 

Rtrat.egi'~ pointH (prior t.o JH<JVÍ-u~ of thc ~cspedivc object of scratch). ..· ' · 
(4) EvCn thougl) bol.h fields iu :dield comparison must. be un a single hierarchical 

put.h or branel1, tlu: eoiiN~tion of fields spccified in thc srlection criteria may span 
mnny braw:hcs. lf any onc~ of t.lu:se branchPs did not survivc the scratch algorithm 
nt. lt:vcl 2 (i.c. tht: lr:vd beneat.h t.be roitt level), propagation of thc scratch .. to,ihe 
roo!. lcvcl will ('lHl!it~ tlH~ eliminntion of th~ scction altogether. Thus a section will 
be seratchcd as Roon as auy oue of thcsc branches fails to _survive. · ' , '. · • 

(5) Codes gcneratcd to move a repcating group instanee· are dependent on 
whcther Uw target group stfucture i" the same ltS the souree group structur~. If 
thr:y are t.hc samc, the instance will be moved as a group. Othemise, component~ 
within the ~roup are moved individually. i 
. Tln~s. for ench tiscr-writtcn CoNVJ.:J~T st.atcmcnt, we are able to produce a cu~~ 

tomiied progrnm. Tnkc t.lw DJ';J'T Form (Figure 22), for example. . · 

TI - SELECT (FtlOM DEI'T WHEHE BUilGET GT '100'); · 

:\'ill protlu~f' tlH~ fnllowing program: 

/' PHOCESS LOOP FOH TI'/ 
DO WliTLE (not. t~ud of file)¡ 

CALL (;E'J' (IJEPT); 
IF IIUilCE'l' > '100' 

1'11EN CALL BUFFEJLSWAI' (TI,llEI'T); 
END; /' ENlJ OF I'HOC!•:SS LOO!''/ 

On thto ot.lwr bnud, 
1 

· '!'2 ,~ SEJ.ECT (1 >NO ,J.:Ml' ,l'HOÍ FJWM lH:J"l' \ 
IVIII·:Ht•: .IOU t;T '07' ANil I'.TNO CT 'J3' 1. 
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will produce a drastir:aii.Y dHTI!rc~nt prngram: 

/' l'IWCEHH LOOP FOit n•¡ 
C:ETINJ>UT, 

DO WHJLE (note mi of filo); 
CALL nET (I>EI'T); 
fF DNO < 'l>n' 

Tlii•:N 1>0; 1'2.DNO ~ DEI'T.DNO;. 
/' PltOCI•:S~ EMl' UIWIJJ> '/ 
NEMI' ~O; '/COUNT EMI' IN TA!tC:ET '/ 
Het. "tlf:(flf to firnt DEPT.EMP Ínt-~tnnc•~; 
DO WIIIL1•: (uot l!nd 6f DEIYJ'.EMP); 

IF .IOH ;> '07' 
THEN DO; T2.EMI' ~ DEJ'l'.Ei\11'; 

NgMI' ~ NEM!' + 1; 
I•;ND; 

Sd c:ur:-.Ür to next DEPT.E.MP Ín.!:lt!ulc~~ . 

END; 
IF NEMI' ~O TIIEN GO TO W•:TIN!'lTT; 
/' I'ltoCJ•:Ho PltO.J Gltolll' '/ 
NI'Jto.J '"O;/' COUNT I'IWJ INTAHGET '/ 
:-Iet. 1:unwr to fir:it lJEI~T.P/{(),J inst.'mcc; 
1>0 WfiJJ,l<: (not t!rul uf DEPT.l'ltOJ); 

1 F P.JNO > 'J:I' 
TIJJ.:N DO; T2.PHO.J = DEIYf.P:tO.J; 

N l'l!OJ ~ N I'HO.J + 1; 
E NI>; 

Hd. r:urtinr tu ncxt DEPT.PJtO.J; 
Jo: N ll; 
W NI'HO.J ••.O'l'l!Jo:N <:OTO t:E'J'INI'lJT; 
/' 1'!1'1' OUT 'J'Ait<.:J•:T Hr:CTION '/ 
CALL !'liT ('1'2); 

gNIJ; r ENL> OF TfiEN <;WJUl' FOit DNO < 'Dii' •¡ 
. l•:NLJ; /' J•:Nil OF I'IIOCJ•:Ss. LOOI' '/ 

Note that ''GO TO GETI NPU'I'" is g'enurated. [u cases, \vlwn! t.lwre :u·~~-nwre than 
two bmndH'K in_ thc hierarc:hy, t.hiK give:-; a more rendablr. pmgnu_n than nesteU 
ll•' ... TH EN ... ELSE statenwnts. 

No cxpaiment ha:-~ becu dorw to comt>an:- g<~nerat<~d and handwritten prograrlls. 
Howcvr.r, we havc 8tudi(~d t.lw g¡~nerakd prngrarns produccd for many divcrse 
cx:unpl{~s of CoNVEHT statcm1~ut.s ami hclil~v~~ them to be similar to manu¡tlly 
written prngru.m.s thnt n<:tomplish the sume op<~fations. 

Jn sununary t.ht! Co_NVJo~H'I' (!Ompil<~r will compile r.ach Cosvt-:HT stat1~1fll~nt into 
n PL/l- program which is mnJular, rc:ulahl!~. and etlieicrit. Tlw complt:xity of the 
f.!:t!IH:mt<!d progr:un is. d<~pmidf~r.Jt, 1111 ttw CoNv .. ;uT statenwnt. spf!cifi_(!d as well as 
Uw data strudures involv1·d. To giv1! :tn indi<~ation of t.he po\\;f;r of CoNVEHT, 

Tnhlt! I summariws t.lu~ numt)(~f of tot.nl, dPehtrativc, antl impt•rat.ivt• PL/1 st.atc­
nwnt.H r1~quired for <'1u.:h of tlll~ :-wv~~nty CONVI<at'I' :;,t,att~meutl-l tbat wr, haVe com­
piltd nnd ll~:-~t,~d. Of tht•xt~ 1:nmpilal.ion.s, tlw total JHHnlwr of PL/ l st.:tt~~mcut::> for 
n. CoNvJ.:rt'I' Ht.ut.,~nwnt, nu1g1!.~ from ·1·1 to :!HJ, whil1~ the rnunber of im~)(~rative st.llte­
BH~!lts rangPH from 1 H f.o 17[). \VIwn iL eomplie:tt.cd pnH.:es~ can be SJWcificd in a 
:-~irnple yd pow1~rful lnuguag1! likt~ CONVJo:HT, tl11~ b1~rwfit ohtained from thc easc of 
c_ldHigginK mu.y bt~ far num: iniport.ant thau cod1: expansion rat.iox. 
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Tt~hlc l. Hummnry or expn.nAion from R CoN-VBHT BtA.tement to PL/1 sta.tcm~nt.B 

CONVERT P L/1 Statements # Programs 

Stmt. Type TOTAL DCL lmperative Compiled 

SELECT smallest 44 26 18 

lürgest 134 41 93 1 30 
-····-------

GRAFT smallest 77 30 47 
largest 216 41 175 15 

SL\CE smallest 55 24 31 

laryest 80 28' 52 10 
------------ -- ----

CONSOLIDA TE srnallest 62 28 34 

largest 166 31 135 10 --. ........... _____ -------- --------r--
ELIMDUP 48 19 29 3 --- , ___ , _____ -------- ------ ----
MERGE 45 24 21 2 

--------·---------- ---- ----· ---~ ---------·---- ------- -----

4.3 The CONVERT Run-Time System 

Tlu· fundion of tlu• CoNVEHT run-tinw systcm is to providC thc fraincwork for 
ex(~t~uting Uw COPs geJH~raü·d by the CoNVEHT compile~. First, howcvcr, let 'us 
c~xnmine t.lu~ i:-~siH$ involvPd. A CoNvlm1~ program can be vicwcd as a nproccSs 
graph." For t•.xn.mjJlt·, Figure 2:{ givPs the·process gruph for thc cxamplc given in 
tht~ Appendix. As IIICllt.ioJI(~d in RPdion 3.2, the CoNVEn:r user views_ cach CONV}~RT 
operation as n~r;trnduring o11c or ni<,rc input files to produce one output file:'" A 
:-;impll'. implementn.t.ion wouhl he to exccutc cach opcration as a scparaie joq stcp 
ac<~onling t.o thc pree<~dcncc eonstraiuts of the proccss graph. Howcvcr, from an 
dfic~iency sbndpoiut this mcthod is unsati!'factory becnusc it requircs thc crcaÜon 
of an iHtc\f!IIPrlinte filf\ at eaeh slcp. Thefdorc wc introduced· _thc concept of pipc­
lilling. 

_To intplhnenl pipdinin~, t.he pipeable op!~raton; en.n ·be vicwed as a set of co­
o¡HT:lf.Ín!!; ~~:qlll\ntial proe(:..:;s,:s. Each in1pt·mediat.l\ f}lc ül this set bccomes a. sharcd 
lnlfT1:~· in 11111i11 lll1:U\ory during t•.:wc~nt.ion. A :-;impl<:-<:XHlllplc of pipelining is shown 
in Figun: :!·1. E:wh tinw t.h¡: Hl ,ICE process pnHluccs a s<~d.ion in it.s output bu!Ter I, 
il-s c~xec:ul.iou is !'W-iJu~nrled and cx1~eut.ion _of t.he SELECT proccss is startcd. Simi· 
lnrl.Y, wlH:n t.lH~ HI 1:1,11:CT has <:ompkt.<•<l proc1:ssing of th_(~ ~ection in 1, it is suspended 
lllld the ~LlCI~ pr111:css i~; n·sumed, de. This eoop<:rat.ion is possiblc bccausc all 
t.hP. CO!\'VJo:lt'l' O}lt'rat.ioHs execpt SOHT nn~ pipcahlc. 'Ve refer to a sct. of thcsc 
coo¡H~ra t ill¡!; ¡u·o<:<'s:-;c•s as a schcclldaNc w11·l.. I t ~,-ill be !oihown la ter that gcnerally. 
uol. ull COI's for a l"'""'ss gral!ltcn;, be iueluded in one schedulnble unit. Although 
t.hf: ¡)n:vi<ms exam¡llt: is trivial, in general t.hc cmlfiguration of data fl.O\\' in a schedul­
ahlc unit. mn.y lH: u 1:omplex · grnph, sincc· a file ma.y be nn input to any number o( 
op!\ratimu; and some nperat.ions (~lERGE,GR:A.FT) requirc ·multiplc inputs. 
Tlu~ mnin function of thc Co:-.:vEliT run·time system is to synchronize thc dnta an_d 
f'!int.rol flow nm.ong tlw difTen:nt pnw<~Ssc~s in the schcrlulnhle uní t. '· . . . 
ACM Tr~u~nrliml~ nn .J)ululuii'C Sy111Rm~. _Yol. 2, l\u.-2, Junt' 1077. 
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Tlw hmiic CoNvim'r run~timt~ :;y¡.¡km u.rchitedun~ was sliown in Fig;m;e 14. Each 
COP bceome:; a Cc)NVJo'm1' operatinn JH'OCCH!i. Thcy cornmuni'eat~ via_ a sharcd re· 
cntrant supervisor. Tlw COI's interad with the su¡wrvisor via '' sd of spccial I/0 
comma.ndS.- These f:ommn.nds an~ Rimilar tu tho.se normaJiy fouud in scqucfttial 
aeccss mctho<ls (<:.¡z;. OI'EN, READ, WIUTE, cte.) execpt for some spccial protu­
coiH fc)r · aceommodn.ting buffer _shuring and. buffer Hwa¡)ping. If thc · s~pcrVisor is 
callc<l nnd tllC rc<¡ucst can be satisfie<l (c.g. the input buffer has becn filled), then 
control is rdurned to thc calling COl' with rcturn status. Othenyise,- the request 

--~--~~-~-~ -~' ~-•---------'------· . -· . -~~.c.'--~~-~-~' _e_. __ _: __ ~-. ~· ~· -~--'--'...c.-- -------~~-
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is_quPued, the r.allinJ,!; COP RHH¡u~nrlt:d, and auothcr COP whosc requcst has becn 

completed is rl'stmwd. (A t. le:L't "'\'' COP. will always be rcady to run; see S¿ction 
4.4.) Jf t.he 1/0 "''l""st is toa rml file, t.hc supervisor initiates a real I/0 rcquest. 
This arcllii.c:ct.ure nllowt' COPH to he gmtcrat.Ptl imlepcndcnt of thc proccss graph 
('Oilfigumt.ion, ·and it allows t~xecut.ion of thr~ COPs· to be (~vent driven·. A "user 
writ.kn" COP tan t:aKily he~ in.eorporated·into the systt~m as orle nodc in thc pro­
ee,:-::-; p;raph. 

Effieit·ncy Considc·ratinns. A primary eon:-;ideration in·ttw dcsign of th<~ Col\"VERT 

run-t.inH·· syskm is t.lu~ sloragP. and data trnnsfcr of Ht•t:tions (rc~cords) in main 
mt~nn1ry. Hince a rwdion is opP inst.anet~ of a cornplctc hicrarchy, it may be thou· 
~:nHb_ of h~•t.l•s lunj!;. Thus it. is hcndicial to minimize thr. numbc~r of scction huffcrs 
ami t.hP 1111 1\W!Jwllt. of .o.;cdion!-i wit.hin m a in rncmnry., Two st.ratc~gies ha ve been 
implcm1~i\t1·d to :H~hif'VI~ Uwl'a: ¡_!;oals: shan~d lmffcr prnc~:!-'sing aud hufTcr swapping. 
\Vit.h·shan·d bufT1~r prnc·¡·ssiJJI!; l.! u~· COPs J>roe¡·ss tlatit din·dly in thc shared bufTcrs 
insi.Pacl of :l local work an."a. Th11s, when a COP ·n:ad I'Otnmaml _haS becn com­
pld.l''l, t.lu~ COP i:-~ J!;i\'1'11 aee1~ss t.o t.lw :-:han:1l input hufTer. Since many COPs may 
JH'twt:ss t.he ~arn1· i11put. bu!TI!f, l.he su¡wrvÍ¡.;;or i~sues a "rcad-sh:ue" lock 011 the_ input 
bu1T1~r for c~ac·-l1 COP whid1 is proc•~.·;sing its c·ontenü;. Thus thc currcnt cont.en{s 'of 
th('. butTc·r :tr<' prt•s¡:rvf~d until all n~aJ-sharr. loc.ks havc bren rclca!5ed. F()r oÚtput 
JH'O<'I•ssing -¡·ac:h C( )J ,_ isstws u rcquc:st 1<l Uie supPrvisor f(lf exclusive acccss tU ·uw 
output. hufT¡·r. Co!Jt.rol i~ rdumcd wlu~n all wad-share.locks on thc output buffer 
(if any) haw becn n·l<·a"'·<l. Sub.~c<pu:ntly th" COl' builds t.heoutput section di red.! y 
in t.hl~ ou.tput hufTl:r and tlwn calls t.he !-'IIJIC:rvisor committing it to thc other.Co­
llJU'rating JlrocrRses. 

The bufT1~-r swu.ppinp; strat('J,!;Y involvcs ~wapping an input buffer with thC oUt.¡)ut 
burTer in cases wlu~n: th_e coid.ent~ nf tlw input-buffer a.re to be moved. \yi~hüut 
eh:l.ngt: to t.be out.put. buffn. One 1:xam¡llt: of t.his is t.hc :ME~GE opc~at.ion. 'To 

. .swap huffPrs tlt(! supc~rvisor swapH t.he in¡mt ami output bufferci by cxchfingit_lg thc 
bufTer point.prs in UH~ n:levant l/0 eont.rol bloeks. Buffer swapping is 'subject :tu 
tlu~ eonstraint.s that. (n) the input. hufT1:r is llOt hcing sharcrl by nnothcr QOP f_t'nd 
(h) t.he input and out.¡mt hufTN~ are the same size. . 

Auot.lu:r <·onsidf:rnt.iqn is Üu: ovc:rlH:ad of pro1:c:ss swit:ching ·(suspcncling and rc­
:·-aunin!-!:). Sinct•. n (:oo¡u:rntiug ¡u·oep,o.;,<-; will he su~peutlt~clnearly ev1~ry time it m•rds 
t.o n·1ul or write" .'-'t~dion, 11 larJ!:I~ 11\llnht:r of pnw1•s.s switchcs will oceur. Thus, if. 
t.1u~ swilt:hing t.iuw is laq.:r;e C(.nn¡mn·d wit.h Uw_ mc~an time betwer.n S~\·itchcs, the 
t.hrouJ.!:hput. of t.lw sy:-;t.em mny lH~ :~ev1~rdy d1:en:ased. By implcmenting our_ own 

q\Wtwinp; :md clispat.cltinv; nwcbanisms, i.he CuNVEHT rnn-t.ime 'systr.m ean switch 
processcs wit.h ovnlwnd ~~om¡mrahlc: toa procedure c_all. 

4.4 The Anolyzer 

Earlier we ntnkd t.hat the Anal_yzc~r p!!rfornls a global analysis on the Co'Nv.ERT 
prol-{mm~ Mort: s¡H:cifi1:nlly t.lw AnalyzPr (a) páforms ordcr analysis on thc Cox. 
VEitT opt·rÍltions, (J?) analyzt~s· for <kuc.llock, (~;) part-itions the proccss graph ipto a 
f¡iJnily of"scli<:dulahh~ unit..s, (d) cotnpu~-PS buffer ·and. Sf'cnndafy storagc alloc8.tions, 
and (1:) ~(·.n<:rat.cs an ~~x~~eution sciH'dlll<~ for cxeeuting thc rcf-ltructuring stcp. Each 
of t.lt<·~e fwH·.tions. is diseussf•d hdow. . ' 

At:M_Tr"""'"'tiui¡R 1111 !Jnlnlu'"" !'y~(Nn~. Vnl. :t, Nn. 2, Juur. 1977. 
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Ordi~r Analysis. In Scdion ·1.~ it '"'as statl~fl tha.t tlu: input files fnr certain opera-. 

tions (i.~:. Ci{i\1''1', I>:LIMIJUI','CONfiOLIDATJ>:) '"" '"l"":tcd to b~: in prnpcr 
ord1:r. Howt:Vt~r, iL is oft.1~11 quitP burdf~n:;ornP. for a ust~r 1.~ kc1~p traek of thc ordcr of 
fi,l_es in the prO<:es.-;'graph in order. to determine if ht~ nmst ei)(l1: SOH.T operutions. 
f~lü~ uf tiH~·-n<lv:llu:l~d fmu:tion;; of tlw Analyzer i~ to r!!lit:ve thc usf:r of this task. 
GivPn thc onlt:ring of the :-;ourcc fjJ,~s (includin~ urandom"), tht: Analyzt:r begins 
by t~Xllll_tining tlw operatiow.; which rcquirc the snun:c~ filt~s as inputs. For t~:teh orJer 
dcp!:Juit:nt OfH:mtion, its ortkring re;tuirement~ an: compar{:d with the giv1:1l 'ordcr 
of tl~~~ input;-;. If tlu~· J,!;ivCri onÍ¡~finp;s ar~ not cnm¡mtiiJ[c with the <!rd1~ring rc;¡uire· 
nwnt~ nf t.ho o¡u~rator, the necessary ROHT np1Tat.ions ·are inscrted to achieve 
comp:ttiLility. Nmct., the opt~ration is au;dyzed tu compute" thc output nnlcr. This 
pr(;·r.r.ss· is transiti vcly applit~d thr~mp;hout tht: proct:ss graph un ti! the target file~ 
nrn n~:H:lwd. 1\{udt coulfl lu~ said lwn~ cnrwNnin~ optirnizatin11 tcchniques for 
minirnizing t.lw numlH~r of sort.s fl'quircd, hut Wt~ ddr.r thi::; to anothcr ¡úpP,r. To 
illu .. ~t.rat.<~ t.his procf~s:-:, consid,~r t.hf! following exttmp!P. 

' 
FOitM.JH:I'T(IJNO, l'llO.I (I'.INO, 1'1 l)), 

. OlliJJ.:rtf.;JJ BY (JJNO), K¡.;Y 1~ (DNO); 
FOitM l'lto.IECT(I'JNO ,PCOHT), 

OltllJ.:Itl>:ll BY (I'JNO), KI•:Y !~ (PJNO); 
TI , SLICE (DNO,I'.INO,I'Il F!tOM IJI~JYf); 
1'2 ~ ORAFT (Tl ONTO l'IWJi•:CT 

WIIJo:ltl•: Tl.I'.JNO 1•:<¡ l'ltOJio:C"l'.J',JNO); 

Sf,lCJo: is IHIL !lll fH'Ilt~r dep1:lldt~nt 1lfll!f1tf.ion, hitt it is an ordf~f JlfCSt:rvirlp;.tlpCraticJn 
if t.IH~ order fit:lcl~ nloug tlu~ hieru.n:hic:al pat.h arr: sclt~df~<L In thi;-; case DNO is the 

·Oflly. Ofl·~. ll!Hl tlu~rdon: TI is nwrkcd :t:i hf:in~ ordt~n'd h)r nNo. Ln CH.AFT wú 
rwt:t~.·t.hn.t tht: Ínut.l'h f'u~ld is P.JNO; thu:-~ hnth inputs rnust be orcl1~n~a on P.JNP in 
Uw· samu direetion. [t is asc,~rt.aillt·d t.hat TI must lll~ sortPcl nu P.JNO sincf: thc 
given ordt~r i~ un DNO. Tht: Analy?.Pr upd:ttPs the Co:-.rvt>:ltT catalog to. reflect t.hc 
cquivalf~nt. of 

. . . 
. ·.TJ .. ~' SOitT (~LICJ•: (IJNO,I'.INO,I'Il FltOM DEI'T) BY I'.INO); 

:' ])¡·ndloc:k Analysis. An inÍ.t~rcsting :-;ituaÜon whi.dt ean arisc is th;tt of dc3:dlock. 
Iu thix sédinn w<: de:;erih1: thc ckacllock problcm in- thc contcxt of EXPRESS, 
out.line two :.;olution:-~, ami tlisr.uss the rationalt~ for tlw sol.ution wc ehose to implc­
meul. in t.he first vc~rsicin of our sy:.;tcm. 

A:-~ llfl illu~trat.ion nf how dcadlock eim oceur, considcr thc simple thrcc·npcration 
Jlrov;mm iu Figure: 2!"1. Fir:;t, SELECT reads in tiH: first sP.ction, filling the DEPT 
bufT'"· The kst (BU DG > lO) fails nrul SI•:LI•:CT at.tcmpt.s toread the "ccond sec­
tion hut. iH !'iw;pcndt·d bec.:ausP SLIC:E haH uot read t.he first onc. Now SLICE rcads 
tlu: · DEPT huiTer (r<:sultin¡; in a re:ul-"h:tre lock 011 DEI'T on behalf of SLICE) and · 
,wril.l·~ "DI Ji~l" t.o t.lu~ T~ huff(~r. Ums sllSJWIHling SL[CE. Ncxt GRAFT attcmpts 
t~~ n~nd TI, hut TI i:-i l~mpt.y; :.;o G ItA FT is al~o suspended. SELECT c:tnnot be 
r1•:-nrmed hc:1::tus': a. n!ad-Hh:ln: l1wk is h~lti nn tlw DEI'T buffer by ·sLrCE,· ánd 
_tlúts 'ull thn~i: opt~nd.illllH nn~ RIISIH~tHif~d. ~.' 'rH~CI'Ssary ctHtditi{ll\' for df!adloc'k to 
'oc1:ur i:-~ tlu: t~xist.l!rÚ:e of a c:yde iu Uw undiredí~fl proct·ss grnph (t>r subgru¡)h). 
Om: sunlcif~lll. condit.ion fo~ hn•ukiug tkaclloek is t.hat rt rc~n.l file!. exists on 8.-ny two 

ACM TmOIII•clion~< un DAI.Il.haHot Sysl~m~. Vol. 2, No.·2, Juoe 11177. 
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ID EPI 

IEMPI 
DNO BUDGET 

E# 
- -~~- ~~- ~~~~ 

_:1 ____ :_~-B--~~-
02 20 E3 

E4 
----------· --

T1 SELECT 1 DNO. BUDGET FllOM DEP 
WHERE BUDGET GT 101; 

T2 SLICE 1 DNO. ENO FROM DEP}; 

T3 GRAFT ( 12 ONTO 11 WHERE 12.DNO EO 11 .DNO}; 

/- ' 
1 T1 1 
\ 1 ,_ 

/ ' 1 12 \ 
\ 1 _,.. 

Fig. 25. E:.:tLmple of 1~ proJ!;nun wlu~n! d~ndlm:k Cllll occur 

S('par:d.l· dircct.t-d paihs in u e~·eh~. 'l'his c:LUsl~S t.he eyele to b(~ pnrtitioncrl into 

!'t~parnt.c~ :-;c:l.l'dulahlt~ units, thus brt~akin¡.!; Uw c~ontt·nt.ion nmong ihe COP~. The 
o<~c~urn:IH:l~ of n•:¡J fil1~s in tJw c~ydt·_s 1nay rcsult. 1mturally from HORT operations. 
Alt.c~rnativdy, if" a r:yclt: hl]lUl jilt: (i.c:. 0111~ wit.h two immr.diatc Ru<:(;r.~sors in thc 
e}•dc S\lf:h as TlEPT in Fi~urc 2!í) i~ alr-eady·a real f!lc, dendlock can casily be 
avoided. In t.hiS ca .. .,<~ t.lu~ c:ycle input file mny he ennsidcred as two files hccausc thc 
CoNVJ·:ItT run-time !-iYI-item can OPEN it twi('.t~, thus allowing indcpcndent data 
flow alonJ!: two din~r.tt:d pnths i.n the cydc. If nonc of thc abovc conditions hold, 
t.lten t.he r.ompih~ t.inu~ -phnsP nmst. t.a.kt~ some nctim; t.o aV~lid th<! possibility .of 
dt:n.dlock at ru11 time. · 

At lPast. two alteruat.ivcs nrc possiblt:. Úiic is to eompilc murc-intclligcncc into 
thc COPs. For cxnmplc, if t.he SELECT opc~rat.ion in Figure ·25 werc to always 

ACM 'l'tlllh<lu'lim~" ••n J l11ll'lhll~•· Syiii('UIII: Vul. Z, No. 2, Jurw 1977. 
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Fig. 26. ExJlmple of the pnrt.it.iouing of a pro~e~:-1 grap_h 

gc~w~rat1~ un output, S(!dion in TI with a flag indieating whether or not it was valid, 
tiwn the C.HAVI' operatiou ~~ould, upon compldiou of a rcud of TI, tct~t thc flag: 
amfdiscnnl thc in vali1l Recti•HUi. This wcnthl emmn~ that .thc data ftow i11 tht: ''pipes'' 
would never b1~ bloekt~l; t,hwi pn:v1~nting deadhH:k. Anotht~r altcrnativc is· for -thc 
Anai.Yz¡·r·to rephu:c~ sharcd bu!Ter~ \vith real· file:i "to force a schedulable unii:. par­
titioning as mentiont~d c~n.rlicr. W!th thi:~ n.ppr01u:h, at. most·one additional external 
filc~ IIIU~">t ht: introd1w1!d p1:r cyele hceausc! Wf! · e~n always choosc the cycle input 
lilt! to u(~ n. n~n.l ril('. 

ACM Trnn"'"·tinn1111U lJatahll.~ll ~ye~111B, Vol. 2, No. :Z, June 11177. 
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Tlw. tmckoff bdwc:C!Íl thr. tw;, alt.c:ruativc•' is I/0 verses CPU processmg. Ad· 
ditional CPU proec:.;siug vAth thc~ flaJ?; approach may .arise frorn pas.sing invalid 
t-:t~C~t.ionS down n lonv; pipí~liJH~. lu tlu~ eurreitt, impl1~rrientation we hayc chosen thc 
"real filt~" tipprnaell for Ht!VI~ra.l n~asons. From a praetieal staDdpc.Jin{ the real. 
fil1~ approach is <·asit:r 'to implt~mcnt. Ah·a; it ean be Hhown t.o b'c !'lUpcrior in sorne 
,:as1:s, ntHl iÍ. is 11ot t:xp,~d.t·d t,o 1:au:.;t~ UTircast,llnblc~ indficienc:ies _in any case. Wc 
t~xíwct th:d. dt·ad.lock will be t:xtn:mcly rnr1~ in praC.t.ict~, a11d therdorc vie fr.cl that 
t.lw addit.ioual irnpli-:IIH:Jil.atiim tdTort is Tuit \\'HrfantPd at thiS time. We shall re~ 
eva.Iuak our approaeh as ·more ml<lcn;taudin¡!; about t.hiS probleO., i::; gaincd from 
Ul"a.f.:'J~ of the J•;XPHES8 paektLgl:. 

Part.itioninJ!; the Proeess Graph. 'Earlic~r w1~ :-;t.atccl thnt. not nll opcrations in· n 
proe<·:-;s ¡.!;raph c:an, iu g1:Heml, he in(~ltul1·d in otH~ sdwdulablc u ni t. Ear.h schcdulablc 
unit n·quircs thnt. (a) :111 input. a.nd out..put filt;s of the schc<.~ulablc unit be real and 
(b) .a\1 intc,.m!!cliate fil<:s wit.hin a sc:hc:dulablc: unit be sharcd buffcrs. Thus, in 
analyzing a proe1:ss graph, if an intermcdiate ·"file" is requircd. to be real, then it 

_ dcfinPs u partitioning uf thc prm:r.ss graph. Tltcre .are t\\'O rcasons why an in ter-. 
ITwdiat.t~ file must. he·n~al; it i~ cit.l1cr nn input. or Rn.output of a SORT opCration, or · 

!t. w:c' forc:ed 1.o be n:al by t.hc: Aualyz"r to hr(:ak a &adlock cyclc. SORT opéra­
tions are 110t cx1:eut.ed by tJu: CoNvEuT rm1-t.iinc syst.em but are compiled by .the 
Annlyzt·.r as :-;cpnrat.<: j(~h st.Pps. An t•x:unpll! of th1~ pnrtitioning it> shown i,n Figu're 
2G. . . . 

~pace A1loe:1t.iun. Tlu~. prohlmn lwn~ is t.o compute 'the buffnr lcngt.hs and (he 
parnnwh·rs for ~"cowlary s_t<ir:q;e· nlloeation. Since this atmlysis is done at ~o.mjJile 
time, we 1imst. ¡;uar:wtrc t.hat. all bufTc~rs will be: sufllciently largc to hold the ma}d. 
m u m :-;Íz!: Kf;diou. A t. th(: :-;nnH~ timt:, for tJui :-;akc of'cfficicnt, storagc utiliz~tion ··our 

e~t.imat.e~ shoultl not. ht UniH~t~t·~saril.v l11r~e. lt is possihh: to compute reisona.blc 
est.imates in all eases 4!Xf:ept. CONROLI DATE, whieh is discussCd la ter. Thc sta· 
ti:-;t.ics ¡;upplit~d by t.lH·: Hend1:r for t.lw source· files is thc hnsis· fur computjng. i}:lc 
space allocation par:u~tei.l!r:--l fnr n.ll other files. As in the ordcr analysis, \\;e begin_ 
wit.h the S() urce filt."s ·aml ·t.rnusit.ively ~~omput<~ the spact:. re4uiremcnts dowil · the 
proe1•ss graph unt.il all t.nrgct fiiPs ha ve bccn reachcd. 

'1\• illustratc h~n\' spact~ paranu:t.t~r~ nrc c:ompu~cd, con~ider 'thc,followirig p~O· 
grum: 

FOHM DEJ'T( 
JJNO Cll (3), 
M Gil CJI (6), 
EMI'( 

ENO CH (6), 
HAL CH(8), 
TITJ,J> CJI(IS))(OCCUHS 150'TI~mS) 

) (OCCllllH lá.'l'IMES); 
'1' ,~ HLICE (DNO,ENO,'J'ITLE FHOM llEI'T); 

In tlu~ nhi1v1~ exnnlple.tlw tot.almunher of DEPT scd~ons (i.c. ,15) a11d thc total 
. Humlu:r of !<:MI' "li>Sect.ions (i.e. lf>O) in Uw lJJo:I'T file hnvc hc:eu supplicd by thc 

Hc:n<l.:r. Thc.o scoctinH lcngth of T is thc: Sll>!l of t.hc: SLICJ<; ficlds (27 chnractcrs). 
Tlw total nmnhnr of :-;ecti01ls iu T is 1 [)(}, whieh ls t.hc tlumhcf- of subsections of. thc 

. n_lfJSt. ~~~~sei~Julnnt :-:ubtn~e (E.M P) whieh eontaiu~ SLICE flclds. · 

ACM 1'rllll!<ll!'!iu¡;,. l>ll llntlllm,.¡~ Hy11tcm~: Vol. 2, No.:!, Juru1 11177. 
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Computation. e 1f tlw output. p:Lrarnel.<:rs for. Cf) N S( ) 1.11 >ATE can nt Jt be p1:rforrncU 
a.t compile~ linu~. Ht~c:dl t.h:tt CONSOLI J)A'J'Jt; prodw.:t•s OJ\f~ [-ic~ction fr:om un" input 
sccticnls. Tlu~ diffi.:ulty is t.hat, tho valtw of 11 n" is data dcpcndt:nt, and thus :L 
prudic:d uppcr hound eunnot .. he~ cstahlislwd for tlw output hu!Tt:r lengt.h. To 
hnndlr~ t.his c:;U'it~ an initial Pst.illlato i.'\ givt•n (systt~tn ddnult or user supplicd). At 
run t.imc~ tlH~ (:( >NS( )(.JI >ATI 1: COI\ pnforlll overflow t.cst.s and call the super­
visor l,o dyii:tnlic:aily allc)(:ltl.t~ a larg:Pr htiiTcr.wlH~Il JWc<·ss:uy. Of coúrse this actinn 
may tril!;ger suhsequcnt, n•:dlcwations ·ror lmiTt•rs of succ·.l':-;:ior o¡H~rat.ions i"n the . . . 
proc:t•s.'\ ~raph. ·wlu:!l bu!Tt~r:-; ;m~ enla.r~t·d d.ynarnically, tht~ Co\·VI<~It'l' rnn-tirnc~ 
eatalog i:-~ updated Ro th:LI,.sdu·dui:1.1;J,~ uniLs whidt ~~x,~eut!'. latt:r l!:lll ;t!loc:Jte thcir 
.bufTt:rs t':orn~ct.ly. . . . . 

Ext•t:ut.ion Sdwdult: Ji'ilc~ ( :t•.nt·ratinn: ¡\ t this poinL all ÜH~ information b:tH beón 
derivc·d for ¡.!;t'JH:rating Llw job t:onl.rol langu:lgt: (.JCL) stat.~~nwnts for ext~cuting: the 
~~~sl.rndurinl!, st.c~p.' OrH'. of tlw basie ohjcdivl's or' this functitln is f.o u.n:lly:w thc 
proct'.o..:s ¡.!;raph. t.o pwcJut:t~ an t:xecution sc!H~dule. For cx:11npln, in Figure· '27 tht: 
followiu~ '"""ution ,.,¡,.,.Jul•" ar" possihJ.,: (SUJ,SU:;,SU~.SU·I), (SUI,SUZ,SU:l, 
SIH), ,.,,.¡ (Slf:l,SIJI,SU~,Sll·l). Thc qu<:stiou is: \Vhieh ouc shoui<l b" selcetcd?' 
()rl(: tlhjt•divt: in t.his tlct:1sion is I.P n:t¡st:.st~l:tHHlary stttntg1: spact: a.'i SIHHl as pos­

siblt: (minimi:t.t: filt: idlt: tinu:). Aft.t:r e:wh SU h:1s I!Xt't:ld.t·tl, al! t1:mporarJ; filr.s which 
an: Ho.lun)!;"l' nt•t•dt•d ari: delt'!.t·tl. In t.ht: 1:x:uni1h~ wultor discu.o..:::;ion it is lE'.':-> Pflic:ient 

.to ex¡:¡:uf.t! SJJ;~ lirst sint't: 1,1 will he idlt: whilt· :-;u:.! is 1:Xt!t:uting. An in-lkplh dis­
cus.-:ion of sclwdulin~ sl.r:dt'¡!;i,·s p1:rt.int~nt t.o t.his fr:lnH:work is found in [11]. 

'f'lu: An:dy1.t•r t!XI:t:uLion sclH:dult: tompo_IH:nl, gent!r:d.l's t.he .JCL for al! fitc al­
hH:at.ion und ¡J,~:dlot:at.ion as wcll a.o.; l.lu~ 111'XP-1:utt:" t:ilmln:tnds for invoking thc 
Co:-.ovl·:aT n1n-t.in11: sys!.t~lll and tlu! systc:m SOltT pad::agt•. 'L'ht>st~ procr.durC:) a;e 
st.rai¡!;ld forw:tnl :uul will not. ht: tlisnJ:·.;st•tl hen~. 

5. CONCLUSIONS 

In Ulis pup1~r \\'t: hav1: pn::wlllt•d :t d{'si~n and impiPmentat.ion of the EXPHESS 
systt:n¡ for data· t:xtraditJ/1, proct~ssin~, and restructuring. The sy:~tem is bt_Lt~Úd on 
thc aj)proach ~-":iVt'rl in au eurlit·r pn.p1~r [!~]. 

Two fadors h:we b,·ci1 of prime conct~rn: ( 1) dlki(~JH;y and pr~rforrnnneC ami ('2) 
dt~Hi¡J;ning a 11:->t:r-fri,•ntlly S.Y:-;I.cm. P1:rfoi·ni:uu:1~ is achiev1~d by Clllllpiling the DE­
lo'JNJo: n.rul (~11,'\VI;:H'I' l:tiiJ!;U:tJ!;PH irttll tailt>l'l~il l>f~/1 prt>g;ram.-:. nnd by usiJtg ~'pipc­
lining" t.o lllinirnize 1/0 act.ivitiPs. AL t.lu: :-;:utH~ tin11:, uscr fri(:mllint.'SS is achievcd 
hy h:tvin~ t.lw i'tttllpilt>.r:-~ gt~nc~ratl~ rc·:ul:tb!l'. 1:11dt\. b.~' ha~inP; tlw ~.y.stem handh: 
hutT('r :dlocat.ion and f,iu~ gt•IH·rat.iou. of job coutrol statt:1w:nts, an.{l by having 
huill.·ill ''w-wr hool.;s" in U u: sysL1~m. 

TI u~ cor'npilt~rs for 1~:.\ PIU,;SS an: (:oJnpli·x; for (:X:impiE:, o1u: Co:-.¡v¡.;¡n· ~t.aternent. 
nmy ¡.!;t'JJt:rat.c: aH 111arJy :1.'1 ~00 l)f/1 st:tf.,~IIH'IIis. Tl1t~ 'tllillity of t.lu: etnlt:, 1111 the. 
ot.lu:r h:~tHI, i:-~ rn:'tintaint:d. 

'I'IH··arc:hit.cdure of t.lw :-t.Y~·d,t·rn p1:nn!ts t:Vt'JI furtlu:r possil;lt: opt.imization. The 
Aualyzt:r ·eompnrll:ql, of Uu: ( :o:"lvi·:HT etnnpill'r In:l)' bt: expauded l.o includc ot.lwr 
iutdligt:r\1!1!. For f:xa111plc, olu' t:an pcrfor~n a !!;loba! analysis on the ~el~ction criteriU. 
und tlw maídting eonditi~u1s :u uf t.lwn :trJ_·:lllg;c t.he ~~x,•cution ~w~tK'Iien of th!~ t,lpera­
tions so that ( 1) unwanl.t·d instaJH:t:s t:an be~ filten:d out. ns P:trly n~ possible (thu~ 

AC~l Tmn.<ll<'fi•_*" ,.n ¡¡,.¡,.¡,.,,,~ ~y~tcm.~. \;-ol. 2; NI). 2. Juoc 1977: 
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SU4 

SL/1 
,-· 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

SU3 .----------, 
: 1 

1 SOAT 1 

1 1 L _________ ~J 

r-----------------
1 ~--~--< 
1 SLICF GriAFT 
1 
1 

1 

1 

1 

1 
1 
1 
1 
1 
[_ __ . __________ ---~----------

n•<hwing t.l1~: nntnli('r of in~!:LJH-cs to IH: proce~s<'d by sub:·wqucnt n¡wr:üions) anrl 
(:;) 1111\\·:ud.<'d li¡•Jds c:1n .b<~ t.rin1;11t'd oiT. :tH early n~ p.osHihle. (t.hu:-; reducing thc 
width of l.ht~ Forn~::; to IH·. proc.I'SH(~d hy subsPqtH•.nt. opt·.r:lt.ion~).·Onr. rnay a~so move 
a ~( )1{.'1' op<~r:ll.íon u¡·) or ilowu Uw prn_<'Pss ¡..o;raph in ordl~r to ~ort. smaller ftles. 
( >t.lwr possibilit.it•s iuvnlvc~ j¡uprovin)!; t.lw Co.'\VEHT progra111. For insttinee, if a 
SLICE is f,J[]tn\·~·d by a SI•:LJ•:CT upt;ration whid1 nu~wly pc•nnul.t•s tlu: ficlds, why 
no1. s¡H'cify Uu: ~ksin·d ·'pnsd.ionin~ in t.lu: HLICE opcrat.ion ami eliminaü~ thc 
NI•:LECTi' Tnkl· :u1ot.hcr t:x:unpli~. ls it possihh~ t.o rPpl:u:e Lwo SI~:LECT operat.ions 
with a (;ASE as:->iJ!,rnrwnl. in a sill¡..!;lf: SELECT in ordt·r t.o :u:1:nrnp!ish the ~,;al? 
TIH!SI: an: lmt n fcw of t_hc 111:tll_\' i1nprov<·nwn!.~ t.hat, Wt: can t;ouct~ivt:. Hm\·t~Vf~r, 

·. -···.-··· 
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(¡¡) 

llEPf 

------------------------~ 

¡ 1 DN~]_MG~~OGE~ ' , : 

1 ~ __ ::_:} ________ , __ 1.. 1 
1 . ~-'2:J -- - - ·- - - 1 
1 EMP . 1 1 1 : ~~a"r J<EJ : [~;N<{ ~EADER ) : : 

1 1 1 1 
1 1 1 1 
1 1 EOUIP 1 1 
1 1 ~- ITEMNO 1 1 
1 1 . - 1 1 
1 L _________ l 1 

L-------------------------~ 
(lJ) 

(e) 
PROJUEPr 
----------------------~ 

[!JN~I~m] : 

?r::r--1=---=-~------1 ! : Ef MGR[suoGET r LEADEfl 1 : 1 

1 --~ 1\ l EQUIP 1 1 

/ / E~~u - orsc / / 
1 L-·-'--------------~ 1 
L--------------------~ 
Jo'ig. '.!S. llicrarchy ¡.;mph.-1 of t.ht~·:-~mlrt!f! and tnrget, filt!.'! 

t~V(!fl thou~h t.lu~sc~ ldnds of opl.imir.aLions an: in!.c'n·.-.:Ling, we are.not surc~ of their 
l)(~ru.ftt. in a fhl.:t n·sl.ntdurilt).!; c•nvinl/lllll'tll .. FurllwrnH>rt!, nsers Ctltild bc~ taught 
f.o apply tlll· .... a: (!onsidt:r;¡(,inns ·wlwu t.lwy writc: Uu: pro~ram:i in t..he flrst place. 
'l'lwn·fort~ wc~ ddn Ult':W.Ii.iruls uf ~lohal optin1iz:d.ion t.n furt.h~!r n!sc!arch. 

No\\ l.h:tl. IIH: xysl.t-m has lwc•n irnplt·nu•ttl.cd, tHI/' rwXt st.cp is to_verify its us­
:tl>iliL_v \vit:h n·al-lift~ :q1¡dit::t!.it111:->. A11 tlhvicHIS aJIJIIit~al.itm is tlat:1i1a:;c_ c:unver~ion. 
li1 pradit:t: databast.~ c:nnvt·rsion i~ nol. a "orw-shot," proc:t:ss. Hath;;r, a¡iplication 
:;_y~f.t·ms :uul tlwir 'd:lta an~ lllovt·d gradually a~ tlu: applicat.inn program~ are rc_­
writtcn. Anotht~l' w.;c~ of EXPlti<SR it·dnr the t:xtrüc:tion 'of data. frorn a centralizcd 
tl:ttahas~: t,, 1 s11ppürt IIJlJllit:atit JIIS fl':ttlli ring a sullsd 11( _tiH~ data ift a diffc.rcnt ''view. '' 
J~'or t:xa.mplt:, f!:XPitESH t:ould IJt: ll:iPd to tf:utsl:LU~ data from ~m operational da.ta­
hnst: tJri .ll\lR [JO] L<l :t ¡J/annirl¡!; tlat.nb:l~t: u:-;etl with A!•JJ. ThP~t! Cxrlaction programs 
may bt: incorporaf.t·d in f.o t.! u: mul:inc: operat.ion of an Pntri-prisc·. Thus wc ft!cl the 

. . -'--~ ~ ___ ..:_ __ . _._· ___ _:_~--
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produdivit.y· g:tim• offen'tl by EX PH Ef-;H, whid1 can lH: at lea . .,t a factor of 2 [2G], 
\nluld lw of t:ont inuiug b_I'IH'fit. _· 

APPENDIX. AN EXAMPLE OF A CONVERT PROGRAM. ¡· 

As Hll I'Xampln of a Co!'"YEH1' program, Id u~ ~~omüder n. company ha.ving t.\\'0 

:-;ourc·¡• fiJ('¡..;, DI•:PT :wd · PHO.JECTS. TIH~ Fonn i3clu~ma of 1-he DEPT Fnrm is 
HlJo\\;ll· in "l"igun· ~S(u). Tlw -PHO.JECT~ Fo~m i~ a flnt. t:1hle containing thrce 
fi•·ld<: 1'.1]\'0 (I.IJ<• proj<·<·.l. nurnlwr), TITLE, · and J.OCATlON (Figure 28(b)). 
Jn f.h_i:-; l'onqmny mor<' 111:111 oJH' dl'part-nu'nt ¡·nn ·\\"ork on n projec_t, und a dl:part­
llH'Ilt. lll:l.\' be· n·sponsiblP for a. JlU!lllu'r of projeds in difTc·rent. locatiom.;, although a 
projt:l:·i. }m~ only ·oJH' lof'a1.ion. TIH' appli('.:\1.ion it-; 1.o {'.r<·at('. a PH.O.J DEPT filc~ for 
projed." hw:tt.ed i11 "8.1" haVinJ!; l.IH'. hil'l':\l'l~hy-~t.rudun~ as ¡.;}_lown in Fip;urc.-28(c). 

'l'}w follo\\·inJ:!; i~ a Co.\"VI.;H'I' pro¡_!;r:tlll \\"hic:h :\(:eonlplis]H·s··the f{'Struduring. 

FOIIM I>El'T(I>NO CJI(:l), 
M<:Jl Cll(3), 
HlJl>GET BIN, 
EMI'(ENO Cli(3),.JOB CII(2))(0CCUHS ~0,7 TIMES), 
I'IIÜ.J (f'JNO Cll (2); 

LEAPEB Gil(:!), 
E<!!lli'(ITEMNO BIN, 

DEHC CJI(9))(0CCUHS 21\,21'1MEH)) 
(OCCIJIIS 15,:1 TIA11<:S, 
K El' IH (I'JNO), OIWEitllD UN (f'JNO)))o 

1\EY JS (UNO), OHPEHEIJ ON (DNO), OCCURS S TIMES, 
HECLI•:!\ IH 200; 

FOil ~1 I'IIO.JECTS(I'JN< l Cll (~) ,Tl'J'LE Cil (9), L< lCATION Cll (2)), 
KEY IH (l'.lNO), HECT ION JH 13, OCCUHS G TIMES, 
01!1>1-:I!Eil <>N (I'.JNO), ntHI' IS (S(){li!CE); 

FOliA! 'J'.Jo OI!I>EllE!l <>N (I'.JNO,IlNO); 
FOllA! I'HO.l OEI'T (1'.1 :-;O, TIT LE 

. IJIWJ'(JJNO,M< 1 ll, 11111 H 11,'1', LEAOEH, 
E<¡UII'(ITEMNO, JllcHC)) 

. (J{Io;Y IH (DNO)))o 
KEY !S (I'JNO), l>lS!'OSITlON IS (IlllAL,KEEI'); 

TI~ HLICE (IJXO,MCB,BUDGET,I'HOJ FllOM DEI'T);' 
T2 ~ HOJl'J' ('J'J BY PJNO,ONO); 
']';¡ ~ CllAFT ('1'2 ONTO l'llO.IECTS 

lVII EHE '1'2.1'JNO I·:Q I'HOJECTS.I'JNO); 
'1'1 ,, HI•:LECT (FllOM T:J WIIEBE LOCATION EQ 'SJ'); 
l'liOJI>EI'T ~· CONSOLlllATE (I'·IJ; . 
END; 

'. ,. 

Briefly, llw firsl slcp is lo.cr.,ak a flal .. labho (Ti) fromtlw right·hund branch 
(i.1·. tlu~ hr:m<:h t·ontaiuin¡.?; proj('f't, inf(~nnatiou) of. tlw DEPT fl!C. Thc second stcp 
is l.o sorl. TI so lh:1t ".¡,can join il. \l'ith l'HO.JECTS in l.he tliird step (\l'hich pro­
rlw·c·s :r:n. \\'¡~ thc~11 ~dl'd from T:J t.ho!"e prl1jl'ets locat.cd nt "SJ0 . Tlic final step 

;, (o huild :o hi<·Jmchienl J,.,;rm (l'll(l.JJ)EI'T) fpml!h" flal. tabl" T3. 
N"üf.l: t b:1l. ~ine1~ t he (;HA FT ''I'•.·Í·atio_n in st.q> :} r(~q¡iires tlu: ~nat.ching of T2 nnd 

PHO.JJ<:(;'J'~ on -P.JNÚ, t.l~t.:.~ort. '!rder reci1;ired for t.iwsC t.wo Forms is on P.JNO 
unly. llow~·v~~r, t.lw fiu:d CONSOLII>ATE st,c·p n•quires_its input t.o b(~ sorted on 
tlu: out pu1. 1~ 1•: Y fil'ids, n:wu;ly I'.J N <J aud 1) N O. Thcr!'fore wt: carry t:he sort.ing 

:.: .. 
. '. 
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·-· --------·-·-·-·--· 

.· · .. 



1 
1 

" 
~~~-: .. ~ 

4 ) l. 

EXPRESS 
• 

. ''173 

of T2 on (1\JNO, l)N<)) irlsf,¡•;ul ¡,f rw~rdy 1nt l'.JN<) lo :lV11i1l anotlwr R11rting prior 
to t.he CON SOL! DATE opt:ratinn. 
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\·~ r.'-· ~: , .. • . 
'\;~.- _,. •, 

,,;,_-, "/Jo~.~: . r- -., 

and 

G. S.\'\ILCCI 

Sckni:t S.Jt..\ .. lt:Jiy Clliir.D DE "):.:, 

Ah\lnd--ln thi~ r:•rer we Jc,t:rÍhl· :111 inlcvr:lltJ \}'\ICIII tu .IIIJ data-hJ\C: ~·l\llt't'¡1111:JI Je,i~~n. In thh 'Y~It'~-~ .. :, 
im:h"IIH'IJI,,I cnr•··llrrol.'nh o! tbc ~·otKcpru:d Jc·.t:PpiJonu( \1\CI tl'qlllrnncnl' ¡..,,¡¡,_.,.,11h .1 lup-d<~,.,n :u1J :1 lotllhlm·ur' 
di,cirlinc .uc :tllon~nl. 

Such o·nnchmrnh· invulvr hoth &tia :,ntltr:tn\OJCIÍom J);,t:¡ rnridHncnh ¡,;,m~.-~ l'\Nt!·.~etl nv ;¡ ,fi~..:iplinrd \t'l u( 

dt\icn prmufÍ\'1.'\. f.'or t:v•:ry prinuii'Jt' :111y m~·on,Í\II.'zh.:u.'\ ;HJ··,Jt•J.( are ¡Jnn:J'I.·J .• mJ a 'el uf '.:r.no~no' tri dinun¡¡tr 
llu:rn ¡, ,un:r\ll'd. · 

Tr:ul'-•..:11"11 enri..:hmrnh .•rr l"\prt,,i.'.¡ in tarn' n( •kd.1Ltlhll" whirh ,!di•1c thc·e lr:ll"<ll.."!lllfl' :11 'o'!.HtUU• 

cun~·rptu .• l rdinl·m,·nt k~cl ... Sud1 'kl"I,!/,IU••n' .::m 11c t:••rnr.u ,·d :u 111c r·•' :1.d '' •nccrtu:d .. ..th.:nu ,,ht;uncJ by d;¡t,, 
cnrkh111cnh ::iul l'"''•iole in~·"mpktcnn\ :wJ llll"llfl"•l'>h·m:y ·.iw.lliml\ ;¡fl"lh~ ::ro: ,:,;,,:l!ho:d. 

fulluc l!c,d••rmcnt~ uf thc rc·.c;u¡;h pr<•llr:~rn .ore :.l·u ,,utlmcJ.' 

l. l\liWUITIJO\' 

In h'l"CIIf ~(:1/', \':Hhlll'> llll'lht•du!olL:Íl'~ ft1r d:•t:t b;¡,;: 

d-.:,u:n t;:t\~ h~c.n dc,clupl.'d ¡,~·c-i 1 .~J fnr .1 ,,;umph:l~ 
~jbf¡,,,•r::ph~ 1. In pq l>.tl.• ti.,·,,· ()c,i¡.:n h '''l'n :i~ d~·;llirtc: 

with f,•ur 'cpat.t!C a!l,':t..,: 

t 1) { \•rrnr:,ll' rcqmrrmc!tl .lnah·.,¡,, 
(~1 luf,mn:tlhlll :•uaf\·\i'i :tnd Jl'IH111i•m. 
l3) lmpll.'mcnl:ttittll dt:\i~n. 
(4) Phy,ícal dl'\Í~·.n. 
Tbi.., p·;,pa l'••rH."l'rll~ rnclht•dnl•l~·_i..:, in ihc wwn¡l .tfl':l. 

i.c. lnf,;¡m:tliun :\n:tlv'i~ :md De~initinn. wha\' thc itt· 
(ormarion :¡~·q11irr,i r,;,m t__',uporarc f<l·ltuih'fllt·nÍ An:dy­
~¡, i'i [,Hm:tltv tk,nih··l. 

lt i" l'IHilll\tlllh' :tf'.rt:t:d that lhl' l!tmkt by whit:h 'th;h 

furmal J~\f,:ripti,,n, :trc l':<I.Pff.'\\l.'d ¡, c•)r~~plcrdv in­
d~,.·l'cnd~nl uf lhl' llli.\IS U'>t:J in !he irupkull:lll:lllllll tl( 

thc ;¡pplk:.tllltl. On thc n1h1:r h:uul. diHcrt•nt ptHnh 11f 

Yh:w c.\Í\1 in thc IÍil'J:IIIIIt.' cuun.·rrum~ tlu." Jlrtll'C\\ hy 
whirh \Ul'h ft•rm.•l d,·-.t_"flpti'll'' he htult. 

lht• dílkft'lll rtrt.'thod~ (lfdJHI'l'd Cl!l b.: dividt•d intu 

IWU Ji,fu;d d:""'': lor rca'olJI\ tu lw 1.'.\pl:mlt"d l.11!:r Wt' 

havc \."alkd thct•l r,,p.lltiWII ~lt·th,,d, 1 1'1) •llrl/hlthJ ;,11\J 
Bnlh•m-lJ¡) Mcrhuth 1 BtJ 1\lt'lhtHhJ. 
' Furthl'Tfllllto·. Íl ¡, nur ••piuiun that r\v11 dilfncnl nwan­
in~:' ¡,::ut he au;,,·h,•d lo what wr haYc ~.:;dk,t TI> :uctlhld' 
;,anJ lll/ 11\CIIullh. 

t,l) /11 llrt· _rir~t fljo'rJfl•fiL', iit: JJ:•:')-,,h/, rcr'-:r'l h' 'h>~"t.', 

m.:!llPth th .• t prn<c·d :n t!h' f:•nn:~l·r.:prc,cnt.tlh'fl tt! :ht• 
duh;¡j \h.'W or' lhc •"lllt'trriw \Jt:W ,,r ,·ool','t1f:¡,¡¡ ;¡}lt.,!ol 

II."SIJ 1"1~· rlll':tn\ (1( r·.•;n .;tt:p' t•.cc Fi:.!. IL 
tll Vi..·w /l1ih!,·:11~\l: 

1~1 Vicw 1/ttn:r.:!:"n 
Th~ lir·.r ... rc:p rt•·:::ih tn a f1•rnJ:d fl'Pit'\l'llttlit'll o~! ~·:1.:h 

appli,;;tiHHt or UHr ¡·j,•tl" tin rh~· f.¡IJ,•.win~ lll"t'f 1rllmr11 
(tJS)) •>f iorcrc'l 1•• thc c:nto:rpn .:-. 

·[)urin~ th~ 'ú"orhl -.r.:p thc .liJfl·~cnt 11\l!r 'icht:áJ:tt:_t are 

inrq:r:tlcJ into •111c l"l!llt"l'Pilr:d '.dtcrtia ,[ thc: d:1!.1 h:"•:. 
lly TD mcthuJ w~.: uu~an a mdhud wht:ll' thc -~~~n~·l·ptu:tl 
..,ch.;ma ¡.., initi:dly prtHhll'cd :Índ nnly \LJh\l't.¡licntly ;qe 
!lit• v;HÍtllh u·.cr ..;~·hemata lkrivrd (\;,'t' h1:. ~). 

In llll mcrh.",d~ :lrc U~t·r ·.dwlll:ll:t :H.: 't:nl ;;\ intcr­
llh'tiÍ:•Il' :uJ:dy"'' •.tr:p. lhurnt: \'Íl'W tllll'l:r:Jtr•.lll c¡~rrrlin1 

ílilll'lll! 11~cr 'dwm.,¡;, 11Hhl hc ... uh·l·d 'n ;,.., 111 ~ain .t 

~·urnrr11111 ~lul,:tl (urm:d \ll'\\."l"ipll~tn 1111,11c rl';t!il\.-. 

Thc prun•-.;, tk1t ::l"n..:r;~tco.; th~: l ·s.¡, inJ11u;rKcd h~ tt:c 
IHI'anit:tiÍon ,,f tlh: t·nh:rprr'c inh> !:lt'liP" ,,fu"''"-

,\ktl"''"' whnc :1 Jlclrfitlf .\·~,·{.·ton (.\' i•; i:ll"ft'I!!CJII:d!\ .. 

t'lll/l."hed by :n~¡:rl·~::lltul\ uf th\' ditfn.·nt US' h• ,,~t;:in 

lill' ~Ofll('!kldy rcl\1\l"li (S (:In t'C 'iCCII :1\ J t.:lllflllnlnli~c: 

hl'I\Vl'l'n 1\tJ and lll ll!Cih••d~. 
((\) f'llt' Jl'("{lff.f tl/1"1111/IIJ~ tl'fa..¡ tO fh11\C ml'!tt:IJ.; Ín 

whjd¡ tite ~·¡caiÍun uf (.'S ;uulfur l_:S, j~ inflU~'Ih."CJ h\' 11"1(: 

lu~er ~en~~~ ~~.~:.e_'~~~~~ .... (00sN schP.mo nf 

-:"'r ... ;::\ ____ ~~-
~~:.~~-~~t.::~l -'>~~~ 

hl!. 1 
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'·'· '¡ r,:··--····--·-··---J 
. . · t..::~<lC!!~I~o_l_'ChC.'~ 

~-4 ]-'---:;¡ r;:~~--::-:1 
L~~.:_:~hemo 1 tJser schuma~J· ··· · · ~~~5 • 

fi¡. ~. 

Ofi:IIIIÍ:otiofl of (lllfCc'f'tl ;¡~..·con..! in~ In thcir ah.ltfcldimr 

/rrl'l. 
·Thl! o.,¡;hl·rnat:l ·afl' uhLcinc~d by a procc:v.; n( objc'C:l 

tnridwr.'ll/ll~·hl·r~ h~· ohkt:r·w~ mc::tn :tny nu~~:qll-pri­
mitivc in !he nh~ol..:l chown In rl'prc~cnl tho~ \ icw 1 which 

can ht• ~~~~~ a' di,dplinc-d h)' a .wl of n1ri(/uw·11t primi-
til·c•.t. 

Th~ ,chjt·c!>i o( inh~·JL'" lll lh~ cntnpri'c m:c\' ohL'n he 
f:ak¡.:coriJ~·d :ICl'orcliu)! ltl \·:.rict\1\ :tll\ll.tC!Ítlll hio.:r:crchiL''i. 
lt ¡, commc1nly :1grrnl in thc lih:r;llurc.· thal \ll!.;h ab· 
str:a:tiun lul'r:m.:hit•, he nplit:ith: incnrpnr:cll'd intu the 
ddiniticcn n( !he rtltldd u~cd 111 fl'f'lt"\l'lll rc:•lity. 

In Bü mt·thmh fl, J. '.11 thc: imti:d c1hjcc.:h ditl\Cn lo 
cnrkh !he ,~·ht•ina :Ht' cltl•flllc', 111111 clc·c·om¡,owhlt·llbj,•ctJ. 

Su~'oC'llllcu~h·. hh:hc:r kn-1 nhil'd', :ut· fouml :llr,f l!''pli· 
citly :cdtlrd, a-. !he :ch~u:•dinn IHt:r:•r..:hrc:' are :r~rc:ndc:d 
1\cc Fi~r. J). 

In TI) rr¡¡·thnt.hfl-1ftlw prot't"•'ollf <~hn11:1 ~:c:nt•t:llltlll 
¡, \t:l'n :1\ hcrnc L"ompn'>nl n.f :1 \C:I nf rdim:rncnl \I('P" 

(~lf Íhc ri.·¡;IL''oC:I11:lllnll nf rr:d worJd dL'I:rÍ!... in th~· \l'lll,.'nl:l, 

~O' lhal tu C:Vt'T\' rduwmcnl .cnrrt'\Ptllllh tlH~ ~IJio·,lillHIIln 
1_1f a'rl.nllj~·;~:n-.·, an nt,¡n·t ·.r:nL"rur:: n·tm::w Í! ht·c ¡:·r~. ·11. 

In Fii.•. ~ 'we lly .In Vl,t!:.JiJc: !he: urtn:•t·tinll.h•:twc('ll 
lt11.!- IWt;' diJkn·ul ru~·:•tlÍilt~: .. l"hc .:uhc rt'ptt:'>l'll.l\ thc 
¡.:lt\h:dily. or l'llllt.:L'pl\ \C\.-11 hy t/re v:uillll\ 11\t'l'o, L'lltlf• 

óin'ati: ::_ rc:prC\t'nto., thc kvd ,,( :rh ... trai.'IÍnn nf thcw 
cn.r'k'cpl\,: wlrilc p:nlrtion-. uvc:r plan. ¡1 rcpn·..,cnt thc: 
djJ[~rt·nf' .U\1'(• .W/nch, in c,;lln'oC~UC/I(C Of lhcit \f'll'l·iJk 

leve! irl 'ihc uq:ani;atiun, l.'orrc·,poml In -dilfo:rcnt ·ah· 
,j;.;;..:lion lcvd, with rnpo.:rt lu thc uhjc:¡;l'o thcy. ar.: :thlc 
to rcPrc\Cnt. 

Rcflnement 1 

-~· · Refined 
1 tow•' ·.cherna . 

l . 
Refircmn~nt n 

' '·' 

-··--· ____:_ _______ ·-~-· - _____ ._....._¡;_-'-------·-·-· 

• 

Fil!. ~. 

lt ¡.., our npi,unn that .1 1.:{\fnrcller aided tlll'lhndnlui!Y 
(nr t.'tlf\l.'qH;I.d d;tl;t ha'c dc,it!l1 IIHI\1 t.•n:•hlc lhC: 

.:uvitnllfllt'nl "11\t'r ~dlcm:cta·t'tlrH'L'fllll:tl ,..-n~·nM'' fl) be 
irKit'ult'l\t:tll~· l'nrrdrrtl :n:~o:urdin~ fu :di nf tht• :¡ht)VC 
dc~cr 1hcJ dc'll.!ll 'olratL"J.:ÍI!..,. 

·¡ ht: :11111 nf thi.., p:crn ¡.., tn dc,nihc th.: fra.:mcnt ,,f 
:.trch ;t r111:1hndulu~·r th:•l l'n:thk.., tht.: · Ínl."rc:nu:ntal 
l'II/Ít.·hml'lll of ;¡ ~tndl' \l"ht.·rn:• l_1y rc:tiru:mt.·nt :cnd ;¡~)!fl!'· 

nlhllt ni nhtn:h tc.:nordin:th: ::_ in h~ .. ~L 
·¡ ht· :dlowcd emirhrnt'tlh ,¡n· di\Liplim:d in a ,cj u( 

;k..,i¡:u L'lliiHU:~nd .... ·¡be -.~m:crrlit.:~ of \IH'h l"Ofl!manJ, 
íru.:ludc\: 

lhc tr:an..,forrnatiun npcr:ttt·d un thc: ~chcma hy thc= 
CtHHmanJ; 

Jtu: po~'ihlc incnr,,iqcm:ic' hctwc:cn· ·thc prcviou\ 
rcprt".cnlatinn u( lht: rCalil}, C'(fl'~'"c:d in ihc: ,·chcma.and · 
thc nc·w ~llclwkd~~c: tt.·prc:•.cnh:d in t.hc: ·primitivc. 

·¡ hC p:tpcr ¡.., Ofi' .. IIIÍ/I'd :1\ foliiiW\. In Sc:l."tion 2 we 
·,J-c:..,t.rihc: thc d:tla llltHid .rdc:rn.:J In in :~.-: ¡upcr. In 
Scl."lltlll J wc !!Ívc a ¡•.cncr;d dol."rÍptinn ;lf lhe dc,iin 
l:tnguat',C- In Sci'IÍtl/1 ·1 w~ 'ihow ;¡ ~~t:li}cd examplc or 
Jc..,j¡~n ..,~·..,...itln B'>ing lht.: :-.y'ott.:rn. In Scctinn 5 we ..,kctch 
further rc~carch :111d dcvdopmcnli. 

l. Tllt: '-IOilH 

Thc Ultldd rder:c:d tn in thc: ft1Jluwin~,: Í'> an e:~ten\ion 
(of thc. FnliiV·I~l:l:ttinn\lllp Mudd IEI~~-11 propo..,cd by 
Chcn in I-1J. ,\ hrid dncriptionnf thc modd follow". 

W.~· di..,tint:ui ... h !luce dill1'rc1i1. typt:o;; of ahqrad 
ohjccl'.; t·niÍIÍt:\. :C\~tH.:Í.IIÍon' ;¡nJ attributco;. 

h·ny :thlr:u.:t tlbjcl·t ¡., fl'PfC\cnt.:d and uníqudy 
identilicd in 1hc mmkl-hy :1n o!Jjc·cl namt' lt::Hity nJmc, 

:1\\nt:i:!IÍtm na·n~c. allrihutl! n;unc 1:. ít inay moreo ... ·er ha\'C. 
horh an .:t'\\ll~j;¡tcd 'cl üf 'ynonylll\ anJ an ~.'(plir.::.u,i ... ·c 
tol in n:tlur:tllan~ua~e. 

l:'ntitit·.1 rcpr~o;cnl tho'e cJao,..,e~ o( ohjo:..:t~. :n thc real 
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A com¡.t_Jit.'f·aiJ-:J mt·lh~_,d•Jinuy f,H ¡;nn~l!p.IU.II J:,r:l·ha'~ Jc'il!n 

world involvcd in thc applil'atiunf. An dcmc:ntJry uhj•:ct. 
. ~ithin a cla,~ will be rd..:rrc:J w a' an oaum'"t't' o/ 11n 
tlllily .. 

AuodaliollS rcprc.;cut ..:!~~''"-"~ of lngic:.l rdatinn..,hiJ'I'i 
among !\h'ltr;u:t uhj\"l"h. Wc :dhlW thc n;i..,lt.•nrc of a'\O·· 
Ciillilln"i amnnJ,: cnlitic'i, ;¡".,;h.:i;ltinn"i arnon¡.!'cnritic\ and 
av .. udatiom. a~\ot.il!illll\ ;¡nwn~ a\\tn:iatiun,. An ele· 
incntar~· :J'I'Inci:tliun within :t t.:l;¡v., witl he ICÍ(m:d hl :¡, 

an Oft'Urrt'nct ofan a_nrwiruion. 

Aflrihiltn f(Pft'\1."111 thl." rrnratÍt'"i tlf cnritit..·.., nr _,.,,o. 
ciarion<;; an ;¡!lrihutc. i..; ~ m;¡lfu:m:•ticd fun~o:ti11n: thc 
domain h the ~o(l uf tU.:rurrl."nl"c~o uf an cntity o~r an 
a\~oOrialiun. !ht• ·codnmain ¡, a ~oet uf vahlt:\, 1\n t.•kmcn· 
tary valuc a ...... umcd by an anriblllc will he rdt·nt·d ltl :1\ 

an ilffllffl'll(t' oftul ¡lffril•¡¡t,·. 
Thal \C! nf <lflrihutc~ uf :ut cn!llv thal uniqudy 

· itlentilit"i c:tch lll"t.:\Jfrl·ti!.'C nf \lll.'h an l'lllllY ¡., ihl· k,·y uf 
., lht: cntity. Jf\cvn:d k··v' t'."<Í'-1, ttne uf !h-.:m ¡, dJIJ"cn a_\ 

lhe prim11ry ~f.\' tlf lht' cntity. 
Thc '-:nnl"t'pl of prirn:uy kcy ;•1ay he ntcndnJ lo 

ói\\Ot'Í:IIÍoll'-: fttf :tn :1'-\tlt'i:t!ÍIIfl WC ddillt' ;¡\ !he prim:uy 
·kcy tlu: uniun of prim;¡rV ~e~' 11f thl." rcl;ilcd cniJIÍC'> or 
:1\ ... UC Ía lhlll'i. 

Wrdk ,·ntiti,•J ;uc lhtJ~oc entitil.", whtl\t' t•.,i\lcnt.:c ;¡nJ 
uni¡¡th.' idcntitkatiun JcrwnJ on tiw c\hll:n~.:e and 
idl•ntiJi'-·o~tl•lll ,,f· tllhcr l'IHtllt:'l 1 l(fr•rt~· oflflti,·.l 1: 1111.' ptl· 

fnary ~e y 11f a Wl':lk cnlll\' •ndudt'' ·IIH' r.runar\" h·\' u( 

Hu: corrc'>P•HHIIII~ ,rrt~ru.: ~·nflt\·. 

·· Wc 11on~ ·d~·,cnbl·. thtt\l' .d'''"''-"tt•lll hicr;1rduc, th,LI, 
:t.:an ht' dl'lilil'tl 111 thl." m•hk!. 
· Surh l¡¡¡·r;trdJic' hul,j f.•r t'nllllt". ,¡, \~t:ll :t' f<~r .t\\<1• 

ciali~tn-.: in thc f,,unv.m~: wr Jl'l•n~ thcm l1lf L'll\111""~ 

~11\ly. 

.Tht• fir,r lypc td hin:ud¡~· i~ fhc Hthl¡/ rdolldllllri{' 

(Í!IVt'r\t'ly \/lfla\1'( r!'ftlli•lllllli¡JJ: :111 cnlity ti¡, :1 wh~ot:l 

·;,r anolht'r cntit~· t! if c:vl'ly· •Ju;mrt·nL·c oí thc cntny ~ 1 
.i~ aho ;m tll'Currcnt·c uf tht· t:l\111~', ~-

--------------·---------·-
tWr lhrrdtlfC ¡he !he ll:tm "~·nlllv" !.tntl in illl' ft,lluu.i·H~ 

"a\•wdatio~n") ;" :1 '~ ntlllYm ullht· ram "t•nrtr~- ,rf't"rd:tlh•n'l ip 
\tt''linfn 
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As~ocinL•on 

At t r llu• 1 ~ 

Thl." \ccnnd i¡'pc uf hicr:Hchy i...; ;.:~nt'rd/i.:l.ltinn. 
An ':urity t "a gcncralilóJfion_,lf cntÍitl'' ti, ... :·tn if: 

(1) Evcry cntity ti(l ~; 1~ n) io; a ~ub,ct o( tht: t'nti~! 

•: 
(~) Evcry ot.:currcm:e uf t is an ''ccurrc:ncc of a ~niql.!e 

cntiry ,;, .;,_,~ 

Thc p;utition ovcr thc occurrencc nf thc cn:JI~' i 
t\lahli~oht•d hy gcner:dit:Ltiun m;n: he ~an ':1~ indth:<."J t-:­
a pwpnty of t. 'fJ¡j, prnpcrty m;¡v be n:-i~~..:i:::. 
rcprncntcd in th.: mt)dd hy :1n aurihutc ;d thc ·:·r~rn:• ~ 
lin thi\ f.:a\c thc prupcrt}' wíll he rckrrcJ 1t1 ;_¡~, un,J,·r/yir.t 
utuihu_trfhU or il may no! he rc.:rn:'icntcd-lin thi~o c.t,C "\-e. 
\Írnply n;unl! it pmpatr) 

Bot/1 in '.Uh\ct . rcbtion'dlip ;md in ¡:cr:Ú:dilJÜ<::._ 
:·:t11hll!t.:\ of t'nlltics al 1/u: uppcr kvt!l_nt :t ht•:r:tr~hy ;;:: 
,;;-,,, :tl!rihtllc~o uf thc t'lllilit~~o .11 ¡,,wtr lnd \JÍ th~ 'Jr..: 
hic.-an.:tly. Entitic"' al lowcr lcvCI will J!CrtcraJh· h::•~ 
at.Jdir-ioJ!:J/ allrihurc, with · rt'~Pt'CI 10 thc 'cntÍI\ · .1!_ :;-.: 

uppcr kvd: in thc rnodcl Wl' C\r'!licniY rt.:;'lr¿,t'nl ~\r:.. 
'Ud• ;¡flril•u~~;,. ;. , 

An ER \che m:¡ wi'.: he rcrr~'\t'nted in tiLt.' (,,¡¡~~~ :1Íc :·:. 
mc:ti1~o ,,f lhl· ')'mh.ll'i ,¡( T:d::l' l. In ,\rr.~·núÍ.\ 1 ·• .. 
\~·nt:l.\ "! dil: ..:orrc~pttndiJ~c.DDI. ;¡ppt-:'tr;,·. 

J. ¡;f.\I.SI:\1. lll.:-il"~WI"Itl\ 1)1' 111!'. 
lll-'\ll;\ l. \\i;¡ \t,l: 

.~.1 ·fmrodt;r·rulll . 

l'lil' maw :pLll p,1,~ ,¡( !he rth:thuJ,,t,l~~.' ¡,·· hl ;.,l.' Ir· · ·: 
-JI.'\I1:11l'l lil ¡,~¡jltf t/¡c ltl!lt'l'PII!.d ,,("ht•i!J:I h •.:1-:~.'t'·"<,"·_! 
l'ntll'lnnenl'. Su .. :h cnrh:hr:l!..'lll~ ..::ul hr: ·<:1!1~ :' r.:- .. 
~1\tlwlcdn: nhlaÍnl·J hy thc dl"\ll.!nl'r .':i,:,lll· ·;~\."· .;·. 
pliratrun: \Ul"h IICW ~llt1Wkdl.!t: ll\,ly CtlOt'\."111_ M<l!h .• !~:.J 

~Jnd tr;m'l:tcti.nu,, Tht.' ;dlnwcJ C"nrk~m~:llh are~ ..:.•· 
cipliu~.·d in a 'el ~~r primirr .. ·(, .. thc t.:Pnuuant!".·''f. :.":( 
~.~~-~ . . . 

Sup¡Ht\C th;tl :t ~in·n 'el t)f-.~.<~mmand..; h.;~ b_e::n •:·d 
hl t.:fl':th: a "rartial" .:nnl·t·p!U:JI ,.:hc~~r;; .'i •. ·wi,cn a :-.:· .. · 
cnnun:uli.l kulll'l'fi!Ínl.! cithl."r t.Jat1 \lf tran~:Ldlu~.l " ;:"· 
plil·d ltl S+·. thc l'tiO!<ol'ilcnn· uf thc corr~,·,rlllld:r.¡,: trJ:-:,. 

--------- --- ---·----------·----
K••y .itlrÍ!ttJto• --· 
c •. ~~i: .. ~7,-;:;::L.;·t~:.:;;-.-,-~--- ~ .. ~' .. 
wath ucnl,•clytniO ,lrlrthutt• ~ 
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forrn:ttinn ¡, chcd:c,f with rc~pL'l"l tn thc rrc·t'.'i'tinK 
\dh'rn:l. In ¡:cncr:tl thc tvpc ... ,,( inl"t!U~i~tcnóc' tbal· l"an 
h1' rL'VL'akd thuinL!.IIw l"nnl·cptu:ll ~l'\W.n ~krcml un: 

( 1 l ThL' fmm:ili'm ¡,) L'Xprn'l ~~~~t;1. 

1 ~} Thc form:•li\JJI lo l'."(fHC\\ tr;¡n.¡;n:!Ítlns. 
l.t) lhL' .dhn ... .-L-d lr:tn,f,¡rrnarit'n~. 

Wl· \hllw nnw inf,Hm:dl)" :111 c:\ampk of im:un\Í\Il'nl.')' 
th:11 may ari'c durin¿: thc Jc,ign. 

l:'tamph· 1 
.\,,lunc th:1t th~o• ... L"hcrn:J in Flg. 6 h:l\ hl.'l•n prcviou\l~· 

oc:,iCJ. Suppu...c lhl\\" thi.! dl',i!!ncr l"fL':It.:'l :1 111~w ~·JIIity 
l'ity with :•llnhute' ('it;.·-namc. "sl:ih.'. Zip-(,, .. k .. \n Jn­

Ct.'ll'i.\IL'!ll"Y Í\ unw dell'L"Il'd hy l_fll" \}"\h:lll. h\.•(;JIJ\C lhl! 

nt·,.·~·t (_'¡ty h:1-. IWtl"difTcrcnt typé'i in thc \l·hcma. 
: lu· .\\'11•'111 oid\ i111· d,•.Üt'lll"f lo .wlt·t incmni.,·t,·nrin·. 

1' · · •dilll: \(r·,·r¡~/ ll'o"trtrrttH ¡,, 1'tiCh t.~"l'l' af tlro11. Su¡,;h 
,~~ ;¡.,rim ''W~~l'\1" :he r'n,,ihk int'''f''''tatiom ofthr in· 
l"rM,i.\lftiC\'. To nd1 int~rprct:rli•JR a ..:ou,cqucnt \o/tllion 
corrc'ipnnJ.\. Thc dc~i~ncr t.:an :r(t.:qH onc uf thc· 
sccnarin~ ur rcjcd :di of thc111. In thl.' fir,t C:l\c rhc 
t.:orrC\fltlrltlin¡: ,nJurinn i'i aUft!¡Jl:tlit::dly pl·rformcd. In 
thc. 'ICcunJ ¡;;¡,e,: !he r:umm:wJ th••l gcncr:rtcd thc in­
wn'i'tcnt.;y ¡, ~.:ant.:clh:d. 

Ewmp/1 2 
_Wc rdcr h) rhc in'-"'lil'i\tcncy dc,crihnl in Ex:unple 1. 

Thl·rC ·are two inrcrp1•:tation' cnrrc,punding lu thl' in· 
t.:tlrhi'ltcnt.:y: 

fa) -~he ucw l'ntity arul thc :llirihHIL' :trc homonimuu~: 
lt;c cnrrc,pomling -.olutinn ¡_, to ~:han¡!C une u! thc 
n.tnlc:\, 

lh) lhc,allrihuh: repn::-.cnl'i alo~:ic;rllink !•ct·.q·cn thc 
cntity, Emplnycc and rhc _ncW trlliry: in !111'. ~.:;r~c thc 
\ohninn ¡, 11) tlt-lt'l~ thC' altrihutc ;¡nd rcprncnl tht 
ln;,!it.:al link_ hy mc;u,, nf ;tn a'i~t>rÍ;ttion hl!'lwc:cn !he lwo 
cnritic\. 

In ordcr lo dc\crihc more. in dct..il thc fi!aturc' o( thc 
~y,tcm. wc ntJW di,t.:u\\ \tparatcly the t.:nmm:mJs that 
nrcratc on dal:l IScrlinn J.2) and thc cnmmanth lh':'l 
opcratc on tran,actÍtHJ\ ($c.:tit~n )J). 

J.~ D11t11 \prri(inJtian tomman"~Js 
Thc ,Jata 'pcófi¡,;afi•m t.:ommamh may be d:r"i\ificd 

in;o IWU cl;r\\C\: 

( 1) B•11lonÍ-up comrnamh: 
1~) Tup-dtlwn l·nmrn;mJ'i. 

IJotlnm:uf' l·nmmand" arl.' thccl fnr: 
1:.1 C'rL·atim~ :rnd dclctim! uhj'-·t.:h kntiri~·-"· :1'~\lll'Í;¡. 

tion-;, 'Uh\l't·:uiJ J:L"ncraliJ:¡IÍtlll rl'l:llinn\hipil; 

To¡t·doll'n (tlllllll:tllth :tr'-··u,cd ft)'r: 
·(h) E."(p:,ndim: nhjCl"h, i.c. rl'linÍnl! th.:m inh>. \Ch 11f 

tlhit:l"h th:11 Íllth'IÍ!ihcir ~~~;,:1c:tl link\. 
(r;) Ciivm~: ;¡ _~lrlll'lllrr: In L'ltiÍILl'' :unl ;¡\\o~o.:iatinn'i by 

drlininl! :tu:ir :¡ttnbur.:-.. idl.'nrilicr' ... .-:mlinalirir ... 
Whl'n :r !llp-duwnt.:on•m:ultl ¡, c.\t';:tltl·tf. rhc c\pandi.'J 

''hiL't.:-1 i~ dckk.J from IÍlt.· PMti:tl ':hcma; tr::;:c 11( lhl.' 
e.w:rndl't1 ,,¡,¡(.(! nnly tt·m:.in, in thl.' dnn:n lr.".\wn·, i.c. 
llw \CI nf p.trti:d " . .:hcm:tl:r tlhlaincd dutin~ 1!1c ¡k,ll.:n. 

Whcn a_ l"nn11n:uul i'i arrliL·d. tll•· 'Y'h'fll ;.:hcck' thc 
~.:nrhi,IL'nt.:V ,,J thc t.:ortt'"~''"Jdin:.: rran,lt!rmation." \Ve 
Ji,tin~ui'h bclwt·en opftnt and fh!TI'IIfwltiii'Ott.thUnl'ln. 

Explicn l!irnn,j-,¡t·n~·,c·, :1r~· thmc that ¡;an be :n:hlma­
tk:,Jiy tlciL"L"Il'd hy an in,pcdion of th·.: \l"hl·rn:t: a gl'ncr;tl 
da\,ilir.::llii!O nf np/icir in(llll\hlo:rll"ic' rile: ')·~tcm m ay 
dicd j..¡ lhc folluwin.:: · 

(1) N:uuing int.:nu\Í\Icnri~'· ari,inu whcÍl twu uhjc~:1t~· 
of rhc 'am·: rypc havc thc ';une namc:. 

1~) TypL' iul"nn,j,rcncic,, ari.,.in¡~ whcn !wo objccU 
wi1h dilft.:rcnt I\'Jll' ha ve thc \ílllll' 1\íll)le. 

!JI Suh-.l'l. :tml gcrlcralization. rclatillll'ihip.:-. inwn. 
,¡,,l;lll"Ín. wh·:n !he ,rrut.:lurc of \IKh rclation,hi:lli in lhc 
\Chl'lll:l dnn llnl a_NCC wirh rhcir \l'fii;JOik~ h\'l' in Fig, 
f¡f;¡) :rn n:nll¡,l•: nf wdJ tnl"CJil\i\lclll"y: (:_ Í'i J 'tlh\CI o( 
two cnritic' wf¡¡,,C in,lant.:c-. arc mutu:r/ly cxc/u,ive). 

(4) lli·,tt,ry inuHJ\Í\h:m.:Íc\. :tri·.i··~: · ... hcn a top-down 
cornmaml h;" hccn applicd an1! 
produccd hy thc cxran-.Hln apr·: 
dc~i¡.:n history. 

i 

,, ~~:a ... r un~.· ohjet.:l 
prc,·iou-;ly in rhc 

·:f 

1 ., 
! 
! 



1 

1~'\, ;t'i\OC.:Í:t· 

''· 

oc.:iJIÍtJn\ by 
1ir,,· 

~e t.\p:ullkd 
lr:.~e {l( lht: 

'1 h.~fon·, Í.l.". 

1~1r dt'\11~11. 

: dll..'d". lhl.' 

·:t•:•IÍIHl. Wc 
tJI/l/.' ··~. 

1 h(': ,;¡. 

1:1::1 J.:L'nnal 

~~·\tl'm ma~· 

hip incnn­
~hi:,, in lhL' 

¡,~·~.· in h1:. 
;, •uh·.c¡ uf 
:IU\1\'t:J. 

1 top-tfown 

lllll.' oh¡n·r 
¡.;:, in lhL· 

... · 

Wilh rc:iot:Jrd lo p1HC:nfial inc.:un,i ... tcndc,, rhey c.:or­
respund lo 'lilu:ttiom~ in whic.:h in,Jif"utianJ cXI'\1 ,,: 
pO'i\Íhlc: 

(1) Synonimic\; 
(2) lliddL'n hicrarchic~; 
(3) Rt:llundancics. 

EJ.umplt• J 

e; 
• 

Surpo.,c lhl' Jc\i~:ncr dl"li!IL"'' :m a..,'il)riatiun City-"il:,rc 
betwccñ rhc cntitic:' Cny :111J Sr:;ll' uf rhc .. chcru:t ·J¡;,. 
crihcd iu Fi~. 7. A qdc ¡, inlrodun·d in thc ·,~.:hcm:•: :1 
warninJ~ mt",\:tgc ¡, ¡'Hinlt.·d in thi' Cl\l' hy rhc 'Y'I~ni '>ll 

lh:tl lhc dc'ii~:nL'r can tlL'tcct 1111: L"\Í'.Icm:c uf a rcJun­
dancy. 

A ... idc dfc:ct o( rhc ;¡pplir:•tion nf a command 
cun~.:.:rn'i th .. · llptf:tlc.nf ll1t: tr:u¡,;¡clltlm :drt•adv dctint:d 
duriiiK th.: tfo:..,iKn :\/Id rd..-rrin~ ,,hj..-.ch invulvcJ in thc 

lran..,ftlflttllion. Th..- dt:..,i¡~ncr t:ílfl upd:1tl! \Ut.:h tr:uJ\· 
:u:lion" with a \IIÍI:Lhlc tr:•n·.artitlf\ >pc~.;JiictiÍ•'II cnm­

m:tntl l\t't: l.:•kr¡: thio.; t:tHillllíllld ;¡Jinw' an mrcr;u.:tivc 
,e..,... ion tu b·:~Jn. in whid1 thc dni~:n ·uf thc: (¡;m.,:tt.:tion ¡., 
aided hy thc ..,~·.,tcm. 

.- In I.IIIJ. thc '>VIIf:¡_\ :!rul ..,cm:mtu.:\ oi t!:"tta 'PCciti~:.tion · 
C'Onun:uuh :1rc furmally tk·,cnhcd. Thc \CIIlílfltin of 
p(imiiÍ\'l'\ indl!dc'i thc r;,uuwmt! ,¡•,pect\: 

(_11 Jk..,criptinn uf thc tran ... t"nrm:IIJU/1 tlpcratcd on !hl.' 
\ChC/11.1 hy !la· PIIIIIÍIIV\.'.' 

(~) Dnt:rtPIIu/1 ,,( "''''1hlc ll!l"U!l\1\!CilL'Ín. 

01 l),_.,¡;nplhllltlt" !he ,~·l'II:Hitl\ •.11\''!C•.tcd lo) \tiiW lhl· 

ÍOl'Oii\J•.It'll\."1•_.,: \llf.."h \t"l'ILIIJ\1\, in f 11/j .. 1re e.\{Jfl'\',eJ t'\' 

~hi.twnH~ th~· pru~·t:un rn 1hc de'iil'll brn~u:,~:c: produ~!IH! 
thl..'m. 

Thl.' 't"l 11f \lll~~~ntcJ 'rdt:arr'" d.1 llul \."00\IÍIUIC ;,n 
('Xh;III~IÍ\"C [j,[: lhcy t,.,";l/l be :ll"t:l..'ptcd <l( ft'Ít:\."ICd hv thc 
tk\Íi-:lh'r. In lhc l:tllt:r CI\C he 11111~1 prupu ... c: hi, own 
!Wh11Ítlll. 

In thc folhn .. ·in~ we u ... c: rur rt.c· ohjcL'I rhc Jia~~r:tm· 
m:liÍl' fl'prc,enl:lfmn uf T;thlc l . ._•,tt."nt..il-d with a ncw 
~ymhui: 

o 
lhat rt:ph'~l'lll\ ¡·o,n·pf.l". i.c. tlhjl'l'h rh;¡t :m· non ll'r· 

minal :wd tila! mtl\1 he tr:lll';l:llt•J Íllltl lermin.d tlhjet:f\ 

ll.'ntitin. :1\\tlt'l:tiJtll\\, :allrilmtc-.1 tlurir11: th..: dc,i1:n. 
Wl· now ~:Í\'C fdr t':ll'h prtllqtt\'c tht· '~uta.-... di:u~r:Hll· 

m:ttil..' u·prc,ent;¡¡j,,n and '•'lll.dliJ~··:: ...... ,. al'n ¡:ivl" \tlrllc 

. cxampko,; uf pil""hlc iucon't'lt'Hl'ic... lntrPdlll·cJ hv lttc 
primitivc ;t\ wdl :t'i thc 'rcnarim \tH'J!C:-otcd hl rernovc 
thcm. 

Fi¡:. 7 

···· . 

11) Crtat~ 11·111m trnninal concePt (CRiAN(') 
S•·nr,rr: CREAI'C: <iJ,¡. o 

Thc JiaJ:ramnutic reprco.;enqttinn io;: ~ ~ 
whe:rc !he: ~ymhultl Jcnolc-i'an tab,cnt:c_nf input o'pt!ranth. 
Smwntio: thi..; p1imiti\o'C ~rc:..ttc..; a cuf:.L·cp{ !i.C. ·a nun 
termin:tl ohjc~.;l) wbthC n:m;c is id,. 

Nuricc thal primirive CJÚ::\ÑC m:ay he con-;ir..ler~d J 

lop·down prirnitivc.whcn ii ¡, thl· tir't ._·ommanJ in thc: 

prugr:.tm·· ffor.mally ü ~an be· ~ecn a~· thc axiorh of a 
coillt'xt-frt•c ¡.:r:munan; ir¡, a holllllll·Up rrimitivc whcn it l'i 
applicd more !han unce in !he pt •.•jc..:l. 

l:'.ttlfii{Jit' 

Strpp•hc thc prirnitivc 

CREANC :COUHSE. 

ha\ bccn applicr..lto t/lc p:~etial 'idtcrn:t in Fh~. R. 
lhc crc:lllon uf ~.;un~l:p!" COCHSE introJucc' J !}PI.'" 

Ífh.:nu,j..,tc:m.:y ht.'"CIII~I!. aft..:r 1h ,¡pplicllhlll, two t!itfcrcnt 
ohjct.:t..; Wnh !he ~:1rnc n:um· wnuld oi\1- in thc f'~trll:,¡ 
\l'hl'lil:t: m f:¡¡;_t COL'it1E :.!rc:¡dy nr.t' in rhc .\cht!':rn:,, 
:1 kcy :Jitubutc tllth..- c:llity EX.\ \fl.'iATIO:\. Thc.: .;~·,. 
IL'fll ¡.., ah le to ,Jitlw a 'cen;¡u¡¡ rt·movut~:-· ~u eh m~\)n. 

~i..,tl'nq·: thl.'" ..,,;hcrn:t \IW•~C~tcd hy the 'l"l'n:tno '' 'hov•n 
in Fil.!. '-'· lf thc dl·~rL!ocr ;,¡;,:cph rh,~ \UL'¡!c_..,t(J · ,uJutHm. 

lhc enrllv /·:XA.\11:--JAJI(),\' hc~.:oml·' :t wc.Jk·~·rn1t:•: !ll~o· 
'Y~tt·rn w¡il :¡ulnm:¡Jr-.:d!v \'IHII."h th~: l'rlltt:irv ~.:·." ,f lhl.'" 
c11t11v J·:X .. \\fJ~;,\ 1"[():--J wh~o.·n 1!1l.' dc'>1~nl.'r \r~·~·~::.;, !he 
prrm.1rv kcy 1)( tite ror¡c-.r"ndin~ ,¡f¡)rfl.: .. t.'!lf!!~· 
rc'lt:í<sE. · 

t~) Elf'lllld tlttOII·Iaminal ro11upt LJ:'.\'1'.\'(.'¡ 
S,HIItJ.t: L\P:-.iC: ·,iJ. j :'>,(id. L!Ud. ,j,/'. 

~.' 

Id Id 2 ·Id 2 

(~ o o 
Id n 

o 
St'UJdflfic.c lhc ~tlllt.:l'PI whth'c namc h M i..; np:.ndcd 
inltJ n ciJnC(pli!i wlaidi inhl't it llll!lr:tl Jiu k' u( i.J. Thc 
prirnifivc EXPNC m:ty he ~·l:n,ifil'tl ;¡, a lop·J¡IWn rule. 

· ___ · · _....A Cour~c 

j E•orninat•on ~ Stud~nt 
· Dale 

Fi¡:. t~. 

c~~on'<r~o~Student 
=2::--.. . Date 

. ¿;Cou~se . 



,• .. 

27:) ·c .. o \!1~11'1 al. 

Fri1mph· 
Sur¡'t~"·l' thl· primilivc: 

EXI'SC: I'IWJI:CT-INFO ~ 
. 1 N l'll --> 1'1!< JJ ECT. DEi' A HHI E·ST, 1' IÜ ll- I.I'A JJEH. 

is applil·d In tht' p:uti:d -.~·ht'/11:1 in Fi!:. 111: 
lhc: ''-'f'<in'>iun t'l rlw lOilll'fll I'JHIJLCT-INF() ~:tvc:'i 

tht• lo :J h\r".ltlfj' ÍllC:Pil\i\ll'llq'; Ín p:iriÍI.."ttl:tr !he prÍIIIÍ• 
IÍ\'l".Í\ 1101 l.'tlii'•Í\l<.:till\" ;¡ppli:thk In tht• '>Cherna in Fi¡.:. 10, 
ht'i..':l\1\l' in thc: ''rif,in:tl ... dwrn.• :111 :1\\IILi:ltion c . ..-.bl" 
l:"lt!Wl't'll lhc two i.:ttn~o.·cpl\ I'KOJE<.'T·INFO antf 
DEI':\J~T.\IFNT, th:1t are implicitly Jl·lbrctf .11 lwn 
Ji!ft'ICIII ah\lr.¡ction k'-d' by th~ primitivc 1:.\I'NC. 

¡_f) hpulir/ r/fl rli.IOcirlfir.lf/ ( F.\'1'.-\SS) 

,..,'ylltllx: EX PASS: (id,,):--.;. Ud .. ), !i./.,)).,". 

·" 
;t"· 

"' .. ~ 
[C5].~ .. 

"syi,llinl :r)j inJit::lh!\ :tn 'nhj~LI th:11 l.:i.ln he ~·itha :m 
t:n!ÍI\-" tlf ;¡ I;OIKCpl. 

· ·¡ hi.., '¡uk ····¡.,p:~tuh ;111 :""'~·i:;lllll1 hdwct:n 111 ohkch 
inhi '' ·,¡..,.,;,ci;;tion\ br.::twc:cu thc ·.:une tlhJl'l"l·.: Íl m;n' hl' 

· ~·J;¡•,,iJi~:U ,,.., ;1 top·duwn ruk 1111 rhr dia¡:r;•UlllLll i..: Jrprncn· 
tidiun m ·: ! ). 

·¡he ntw ¡·¡..,'..,uciatinn" id" .... id., inhail ll'f.!ic;,¡" link., 
. ' '1 . u .• lf. 

f-1~ 1-'.t¡Jruld 11 nml'l"fJI in lo 1111 111 \(/ciatioll 1 I:"NT.-\...,'Sl 
lhi' printitive ¡..,a 1np·dow1i ruk: I'Jo'tl tlilfcrcnt ... yntax 

~orm ... may he dctincd fur il: 
F!lfiTI 1; 

ENT1\SS: (id,).:) 1 t },'(h/..)1.1 t ),'iid .. ,,lik:trdll),')," 

Tl!j.., rule cxpanJ.., a .cunee: pi it~h) an ;t\\tll.'iat1on he· 
twt·cñ. n tlh)CCI\ f n '"' ~ in !he Jia~!f<Jmrnati~o: rcprc:~cn· 
ialionl. 

ln"thc .,yntax form. (it(> f(.'prc,cnl'i 1hc name of thc 

:t\\!ILÍ:IIttlll .tnJ ·, i./ ..•. 1 !he: n:un~. (¡( !h(.' i.1hjt:l"l rd;¡tc:J by 
!hC ~t\\PLÍ:t!Í<IIJ; thl' 11hjt.'l"\\ prt'~'l'dt.'d IV1-' \Yillhill "-!"" "; 

inh..:111 th<.: ,.,,lllh':..'IÍP/1\ t'i colh"t·pt <id,;. ( /jr¡J.. poillt.\· in 

thr ftll!uw¡n¡:l. lf \)"llllllll "t" dtl<.:) uut ;¡ppt·:.r. :111 

ohJn·h 1ia .... .' inkrir ·.u .. :h r.tllliJ~I.:TÍtlll\. 
hn:,Jlv. 'l:uil) IC:pll'\C:i~h tht· ~,.;,,rJin:¡J¡tY of thc: objc:ct · 

in thc a'>·ná,titm. • 

/·inm '· FN"L\SS: 
(id,):::, Cid,,> {. { ._}.,'(id,,,.,))¡", {,. /11

1 •¡_(itl ... ,.}; 

Id C") ~· 

In 1h1.., ~·;1\l' :• CtHKrpt "' l'\f'!:lnlll'd ín1t1 :~n :•'i'-tll.:t:tlíon 
with t•fll' bnd nnly tiiWI wcak rnn~·cpttnr e·O¡¡j·yt. 

~OIK<.: 1/iat ;1\\0I.'Í:dÍOil\ with 111-11 l'tlO~ot·pt\, C:J~h 
depcnd111!~ ·~,n !In: i'cm:•ininl-! '' conce¡\h. can· he 
rcptl'\l'llt.cd hy m-11 <l'''tl~"I:Jtiun'l with tLnly tiOC wcak 
t,;onu:pl. , 

lhc: ... ymbnl ..... ·• h:t'> thc •.:tmc 'crnanti~.:" ;·" in form l. 
Tht· \yrullnl ··.-: marh lhc wcak conccpt ltll cntity), 

Fwm(llt· 
Supptl\t' thc fnllowinr~ primitive~ 

. hi~: 
FNTASS: WORKI'H ,~ E.III'L-OEPT. Otlli'.O)"EE. 
IJI'I'Airl .\!Er-óT. 

Wor kcr 

C_::_) ·r-;:----··-~ N ame · 
~inoqer ~~~ Aqe · 

---.. --a Ocrartment 

;rh~.: e\p:ul,iPn uf thc l.."•iÍLt"t·pl \\'f lf{KEH in't"r'oduccs a 
typc ÍLiCtlll".i'>tCrK-y: m l:lct thc 'iChcma obt;iincd 
hv rhc applic:llinn ,¡f the primitivc woultL;"not be conM 
..,j..,tc:nt lu-r:u1'~ twu dilkll'tll tlhjt'l.'h 1<.1 CLIOI.'cpt and. a 
rinn·kcy :,rtrlhtllc ,,¡ ent1tV ,\1,\ N t\( iF.H 1 idcn.tlli~·d by the 
.,;une n:unt" o~.nuld c\1•,1 in thc part1:d 'chcrn:i. 

fhc W\lcm ~lit!;.!~'" :1 ,ohlli•;n of lht! nmtlicl, by 
..,h.owinL!.thc fullowinf! M.:hcma: 1\Cc ncxt page) 

Pro¡cct-info · ~ Deportmcnl 

~._p~----o 

Fig. 10. 
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·:el rdJtcd by 
!lymhol 
link r 
l, OPf 

.... 
+ • 

'" al! 

o! !he objccl 

'(hl .. t'). 

>id1 

·-----¡ 

;¡·,•.nrJ:LIJtlll 

lllyl. 

'11/l~ Wt::¡k, 

·;in form l. 
t'ntity). 

l.<lYEE. 

llf! 

or tment 

tl.wdth.:c ... :1 
ohl:uunJ 

.\1 he nm­
:q't :md a 
li~·d hy 1hc 

lllllli~(. by 

1 

1 

· .. ·. 

Employee 

. (5) Stmrt/lfali:•' 11n t.'ntit.~· ISTRUES)~ 

Smton: STRUF:-1: 
(id.) => ( i<l ... i {. dd,.il .. " #({id, .. ¡{ .l<id,,.¡l,," ¡," 

Id 

o " 

'1 

By thi' rule a ronrcpl i" c.:harwcJ into :Ln cntit~· IÍn· 

hc:riring th.: n:HIIC: u( !he .,bjcrtl :uui 1' :•llrihutc·, uf thc: 
C:l!lily; from lln: .,~·n1.1.'1. w,· h:1vc: lhl· 1 id . .,, lidd~ drl tht.' 
ldt or 'lyrnhoi '' rc(Hl''l'/,lllll! thl'· n:unn ,1( pnm:1r~· kl'Y 

-:tllnlmtl'\, :1nJ thl· ·id.,, ridd, Pll rhL' ri¡.:ht fl'J'fl''·l'lllln:: 
tht: 11;1111n Llf fl'IIJ:IÍriÍIJ~'. :111rii•IH•:'. I'IJj, PllriiÍiiVl' rt1:1y 1->e 
da ...... ifil'll :1\ a illp·d<IWII rtrk. 

~·JIIUI/'k! 
Suppt''>l' thc fnHtiWUll~ pnmni'"'~: 

STIWEN: 1'\ll'l.fl\TI' ·:, :-JA\IF. 
SURNAME "I>I'Í'AR L\II'NT 

~-O Nome 

r~-=-· ~-¿-·•Surnornc 
~_:~~-=-·0 Addre~s 

. -<>uirth-ploce 

l'i~. 11. 

Emptoyel,} 

o 

Thl' applil':IIÍnn of thl· prinutiw intrt~ohtct:'> :1 narnin~ 

inl'tlm.i ... tcnq•. hl'OII\C !he :•llribulc'> N A~ll·: ;mtl St 1R­

NAME form thc lü'Y of thr: cutllv I'UtSON. ;lln::uJy 

• Nllrnfl 

e--·----]~ • '~tJfnf'lmf! 
Pcr!.on _.--<> 0\rJdrc-:::; ---r -· . ·--o lj" "'.place 

___ t __ ._ 0 Dc.por Úncn t 

~-m~l_:'~·~ . 

fi¡.:. rll.tJ 

1 ..• ' 

cxi .. ring in the '<.:hcm~l. In' thi~' ca'it: thc 'iCcnario'\ \U~·· 
J!l''tcJ by thc ~~·,trm :1rc ''HJ~:n in Fig. ll_la, h¡. 
When th.: Unt~nt:r. r,Ju•u,c-\ thc. tir\1 \l'l'nary thc t'lmtlicl 

is \olvcJ. 

((¡) Crt•atr IIIIOintrartion lriaarch.~·ICRI:AIJSI 

S.wHa.t: two Jitfcrl'lll fornl'i may·ocrur. 

Th.c fir\1 '-~Ynl:•' furm c.:ou~·crn' tht: Cl(':llion d :! 

supcr ... c:t rcbtit•n,hir: 
: ;< 

CRI'ol BS: •.id."¡ S ti I'ER~ ET OF 'id,. .. i (-,. iJ,., 
! 

Th,· \C'Cnr.d .. ynta' f11rrn com:crn ... thl! crt:alltm .,¡ 
~cnn:di/;Jtitln: · 1 

CKEABS: •id. ... , r;¡:~;~:R,\IcW:IliO:-J <lF id.,, 
1. íiJ.,,. 1),," ON IÍndtJCIIlJ.: obj'cq/. 

(ind,h.:imt ,1hj~·~.:r-:- USIJERI.YI~~G .\rfl~lll.t: !'[_·: 
(id,,;/1'1~1 >P U<TY • i~11 ,) 

., . 

l'hi" rule c:nahk, a hil!r:trd¡y tu be r.ll':Ítcd IÍctwrc:: 
ohjcl'l:-i kciOú'ph, l'lllilit< 'a\\lll'i;¡tÍLIIl,J: in '\'1\I:H 

(t!rtll\, ua,¡,¡) (l'J'It'~l'rlh fhC dbjc:~·( 01{ lhl' Uprcr ·fl:\C. 

(id .. ,.) rcrrt''IC.'OI\ :Lil uhjl'CI :\1 lhc lllWt'f,lc\t:J 
Evt•ry (1\llc.:l'rl invlllvcll Ínlhe hier,m·h~· y.ill. ;¡ffn,f~~ 

i!ppli~::llinn uf thi' ruk. he .:on,iJl·red ,l lt;r'r';l;n;d ··¡hJr..:~·-
\Vc: a"um.: 11;:11 :11 ll'a\1 110~ ,1l1jc~.:t mu,r niq tn :~ . .­

!.dlt'lll:l h~·forc thc .tppliL::tfi(l.rl ~~f tht· ruk: 11 m.l)' h: 

l'On,idl'ft'd :1 1\L¡Hiown llf hotlom-up primiltvC. ~kí'cr . .:­
Íill! un thl! t:.'\i,lt'n~·l· in tht~ ,d¡cm:t u( lht• úhjc.:h :::· 
\'ulvctl in it. 

Whcn '-'rc:,tin¡: :1 ;:l·ncralit:lliun hic:r:trt'h\·. tt,c: Ít':.-:. 

1.1:\DEKI.Yf\'(j ,\ ITRIIll!TF will ht: U\t:d tf th¡: inJ:::­

im: ohil'l'l ¡, t::\Flil'itl~· l't'prc,Crlft:d in thl! ,~·hCn:J :t' .. ~·, 

. -~-~ 

Employce 

· · t.ddrcss · 

Pe"on _x: . · 
· O E3Lrth-place 

he. lltlu.' 



"' . '. fl C.ll.\il:;lr't •JI. 

allri!•utc: in !he :.ynl:sx {¡Jffll. (id,,,) indit:;tlc~ \IKh ,10 

;Htril'tlle. 
l'!lt' íorm PI~OI'FUTY will bt· u-.~·d if rhc indu~·i··~~ 

nbjc<;l i~ c\lc..'ru;d In !he \l:h~n1a: in tht· '~YIIIU ft•nn, ¡i./,.i 
indi,::tlt.:\ 'lllt'h :.n C.\lc.:rn;li pwpcrty. 

(11 ('r,·ar,· 1111 tl.\.H'I'i.uú•l! !CRI:'ASS) 
1'111' rrunitin: rnay be con,idncd a ¡,,,llnuHip rule: 

iWu ditft:rcnt ,~·uta.\ (onn are 1.ktinnl (or _it: 

¡.;>rm 1: CRL~SS: (id.,) 1 ,lid,.,.) il(c;ord)l).,'),". 

In thi' form thc primitivc cn:d1lc~ an :1\\_tH:i:llion tu he 
cn::tld hdWt't'll 11 nhJt'd\. ''' ., ! in thc Uia..:ramm:tlic 
rcru:,cnl:lliun/. Fnr c:11.:h ubjc¡;t, a ~o.':tnlin:liily may h.: 
Jdin\'d. 

In !he ,yntt\, (id,,¡ rt..:prt.:'>cnh thc namc nf thc a'i'>ll· 

CLIIi•lll and <id .. ,.) thc n;unc uf !he uhjct'L\ rd:1tcJ hy thc 
;.,,,H.:Í:Jiinn. 

¡.;,,, ~: CREASS: 1.id.,¡/.tid..,,;) 1", • ritt,). 

In thi, ~.:a\c :m a\\tu.:iarion with onc (alld only ·uncl 
"'c:.ll. crlii!Y wr t.:tHK..:pO i~ ~.:rearcd.· 

/;' \1/Ulf'''' 
Surr•"c !he priinírive: 

C:REA:iS: EXA.IIINATION. STIIIJFNT. COURSE. 

-.- ___. Sl-no 
~udc0~~-<> Aqe . 

- ~SeK 

•Nome 
Cour'se ~-

'------.......Jf.-~- . 
-v Teochor 

. ·.1 

'J he: :rrrli..::Jiion nf lht.· primirivc wnuhl l.'H':•fl.' arl m· 
¡,:nn,r\tCn-.:v in lh.tl il would inrrndu~·c in! o lht• \l.:'hcm;¡ an 
:J\':MÍ~•IÍtlll \\'tlh th~ 'ame n:HJJl' ;1\ :1 pr~-c.\i,ring t.'llOI.'t.•pt 
(l~'Pl' in..:llll,l\h'nl"yl. In rhi' ~o:a\c ri,J.~"':rrnpti\Cd 'i..:Cnano 
r,ivc' ri..,c tu rhc ft•llttwiu~ 'l.:hcnt;···-~fi(.~i-ncnl: 

. . ,;-~{'(, 

[----~~'St-no Ir--:t::: 
.<E,orLrnotlon · 

-----

~:;::--¡---•Nome 

L~ :reocher .-.,~_. 

F.tam¡1/t 
Sup¡llt'ic thc pri:nitive; 

CRE.ISS · i'I'RS· REC i. 1'1' 1< ·;o~r ~f'R ECi 10:\r,lll. 
·¡ .. ::~~.f 

h :¡pplit·d fp thc r:trtial ,cht·rua in !FiJ.:. ~: :11 oht:dn th~ 
,(hl·rn:• in l_.Í1• .. IJ. L· 

/kfnrc I!W anplic;1tinn of thc primiti.\'C a11 :1~\IH.."Íalhm 
li: 1 wa\ •mpiii.'ÍI!y tldinnJ hc!Wt'CII !he cntiti~-; I'ER· 

' 

[ Pér5~~- ]' ··. 

" 

., 

r--;;;;~:~;~ ·-------L.::: ~~ ·'• 

2; 
'· n 

m 

,.( 

Fi~. 13 . 
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' 
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crcatc an m· 
• !h~· , .. ' .,,a an 
. t:1tÍ1 :.:t:pt 
:· .· ·td ..... ~narro 

•• 

chcr 

tn uht:tirl lhl.' 

10 ;1\\0áiiÍIIII 

mtiti,-·· nu{. 

n 

·~ 

----rn 

1 

J 

1 

1 

o • 

·.sON ami RE<;¡os: ~111.:h ;,n a~~n~iatiun h thc tran.;íti~·c 
clo\urc o( thl.' as\ocbtion.., PU{S-CITY anr.l CITI' · 
REGION . 

The Clt.'~llicln nf thc m:n a~wc.:ialion PFRS·REG tw· 
twc·cn PEHSON ••nd ·f~HifO~ in'troduc~.:'i an in(nn· 
sisknq· if thc ii\\IJCi:niun h:t\ thc ~ame ~emantic.; uf thl' 
rre-e:.;i~tin~ rcbtiou~hip. In thi~ ¡;:¡~C thc ~y<.;t_cm rrillf'i :¡ 

warning mcv'lagc and ~hows thc ahcrn:Hivc Path..; 
created: thc d.:~igucr him~clf will verify thc cun~i,lt:n¡;y 
o( thc nl'W ~du:m:t. 

In :my ~o::•\c, afh:r cvcry activ:llinn of thc prirnitivc 
CN.E.\SS, if rhe uew :•~"ll.:i:,tion (llflrll'Ch two cntilic~ 

alrcady irnplkirly or c:.\rliL'itly (¡1111J~·t:lcú. thc w~tc:rn 

infurm\ lht! doi~:nn ni lhl· rnrenti:ll p:tir or p;tlh\ willt 
thc. ~;¡me 'iem:lnli¡:. nH":Jnirll'.. l(_ rh~ dnignc:r want' 111 

'dr~.:brc. thc \a.me 'lt:rn:wt1c: mcanml! fur lwtl ralh,, he 
mu ... t U\c rhc primilÍ\'l' SY\ hrt· !:dnL 

tSI Crt·lltt• dfl olfrifmtt' f CRI.':\ Tl'l 
· Synta:c: CHEA TT: !id,,,; liS ¡,,'{INKEY}u' (íc/,,, ). 

' .... -----, 
1 Id 1· 

' .. - -- -· 
_ This ¡, the ~nllom-up ruir rharc:n:Lhlc-; :111ribu!t:~ ro hl' 

insár~U inh• l'ntitin :.nd .L~\tKÍ.:dinn~. In thc ... ynt:¡\ 
(id,-,,1 rt·prC'il'JII\ IIH: ll.tll!t: ••f !he c:nllfy ur ;¡,~o~.:i:•IÍ•HI 

whcrc it nnl'.l ht· iu-..,·r r •.. ,J. 
rr fh.: ~~ yp!Íolf} j~ 11\t:d. :he :lllrtl•!I\L' 'id,,. • Í\ Íll~l'fl\'" 

intu lht· lhHI·key r:111 ,,f ·id .... ;. lf th.: ~~~KI·:Y 0p1inn 1~ 
U.\cJ. lhe ;¡JtribuiL' i~ lll~l'rll'J intn the ~q· p:1rl. 

E.wmpf,• · 
Supptht" lhl' p;¡rti:ll \Cht'ma is: 

whcrc tia• allrihult.'~ ~:\ME. IIIRTII·PJ.ACE :uul 
BIRlii-D:\'IT v.t'h' oi•J:•Ím·d h't· l'.\p:lll\lon ¡,( thc atlri· 
bU! e r\ N t\( iH :\ 1' IJJ(' ,\l.-DATA. 

lf lht• priuJiriv,·: 

is applit•d lo lht• ,;:urial ~~·h,•ma i11 1:if,. 1 \(:11. a hi~."rnry 
inc:lHl\Í''II"'tKY :ui~c~: in (.¡(f. if liH' ptuuitÍ\'l' whcrc :¡(· 

ceph·tl.!wo diffot'nl nlwrh idcnl.r't~·d hy !he ~.mu! n:lllll' 
(ANAtiRi\PIIIC.\1.-DA !'.\) v.iL~tlhl ('.\Í\t iu thl~ hi.,tmy. 

(IJ) Htpt~nd 1111 t~rtrihtt(¡' j 1: . .\'l':\ rn 
Synr1t.t:': EXPArl': <i.J,,., :.~lid. .. ! ( .Ud.u1),1". 

r--- •¡ . 
: Id: ,:__ ______ -o 
---- _1 

Id 

,. i. 

id, o .. ~. r-- .. , 

Id~ o---~ •d~ ¡ 
• • .. - ·- - J 

id, O'" 

. : . 

Thi'i ¡, ;¡ lup-J,Jwn rule. An ;,¡ttrihute of an cnrity or an 
a·;~ociation Í\ c:.\panJcú intu n átiribul<!'l. of ihc .~am~ 
objed. 

1( the Jllrihutc id Í'i a (nonl kcy: attrihut~·. thl'll · 
id,,· ..... id., are lnonJ kl'y :lllributc'i. 

Wr: now Jc~t:rihr: tWo primitivc:' ·rh:tl we m:•r c:.JII 
,Jontmt't/llltion rnmi~irn: tht'Y ;Jih)w \;) dcl'larc :¡ •.t:l of 
~)'nt>nyrm and .1 n;1tural J;nu;u:u:c tc.xr fur th!! o!ijl:'"l'\ of 
the \chcma (anJ lhc hhtury). 

t 101 Crl'tlfr• a roruul dncumt'l/lalio,, 1 TI:'.\ n 
S_l'lltilc 'ITXT Fl )!{ 1 iJI: 111.'.'(1 in n:.rur:il bn¡.:u;l!!l'l. · 

A I1.'XI ¡, Jc.:~arnJ in natur;d ian;~u:.gc fur thc uhjt."ct 
Ud t. 

( 111 Dt•/ill;' l1 H'l of J_nwn.\'ms IL\'}',\' 1 
Two l.li!Tercut -.rnt;u. Í•Hnl~ ,:aC ddinct.J for thi~ rrin{¡. 

livc. · 

In lhi~ ca~t·_t!Íc primili"c dc:cbrc'i a ~el tlf -.~·nonytm 
for a r.ivt·n •.ihje•L:, · i.J '· . 

Whcn a ~el n( ,yn11nym-; ¡, crcalcd (,,r :.n tlhjcr.:t. 
inctm~i~tcnctt:'~ in\'ohin1! lht: n:unc of t.tit' ohj~rtnH;<>t·B·~ 
extended lll thc n:1mt: of th~· ~~ nt>n)'lll'i. •: ·. 

Jn ¡IJj\ CI~C !tiC prtmiliVl' Jt•..:J,L(l''l th::t f',l,'ll r•:lth~· Ín. 
!he l'tlnceptu.ll 'l'hl'r:J:t h:1ve lh!! ,;un~ ·.~·ma1111.: lllt":1ntm~. 

l:'tl/1111'11' 

We rdcr tn thc p:Jrlial ~dcrna ·,f!!pil·t,:ú·in 'Fi¡.:. 13. 
With lht• folhn.\Ín._: primítivc 

SYN 01' 1'.\ 111 i'I'RS-RECo: I'I'.RS-i:rrY -~ 
CITY·RU;I<>~. 

lht: d~·~i).!n 1h-dHc..; th:\1 thl' p.llh ftlrttl•",¡ hy thl· ;¡wl· 

ci:1tion PERS·!{LG h;t-. thc ·~:une flll':Litirn: .. ,~ thr p:•th· 
I'I:RSON -•I'IJ(S,<TI"Y -(IT\" -CITY-RE<;Io~ ·• 
REGION. 

In this L';J'\e :tn irKnn~i~IL'Ill'\' :1ri~t'\, t'lc•:au~L· lh·· lir~f 

palh l'rt'all!~ :1 m ·n rd:1tion~hip i">l'lwt:cn PERSt):\ .tnd 
REC;JnN. the ~l'l'lltHt r:1th l'rl':tll'~ ;¡ u:l td:Lti,,n,hip 
bclwl'l'tl rhr. ':1111~ c:ntnic.;,. 

F~_dmf'lt• 

Sut'PihC tht' l'arli:1l ,(f¡cm:t Í'i; 

____. St-nome 

[~FtJcutty 
·- ~ 81fth-ploce 

SYS OF CITY: BIRTH-1'1. \CE. 

Ctty 

o 

Thl' rrc..:l.'dim~ rnmilivc_. if .~~.:tiv:l!l.'d. w,,u!J ..:rr:t:c: ,; 
~llntlict 1n that thc \:Lmc ut~it:L't tctllc,l (ITY 11r fliRT!~· 

·------~~-
·-·-·-·-·-~--· ----~----~-.2....-~-~--·-· ·---~---'--" --"---'-'-'---'---'-'"'"--



(. JI \1!~1 t'l_tll. 

PI ,\CU wouiJ ha\ e: fwp diJkrl·nl '''k'> irlthc '>l"hl•m;1: 
!he lir\1 (\lll',i'>kiK\' ~·11ndition wnuld lhll ¡,l. '>:IIÍ-.Jil."•l. 

In lhi.., l.:a'>c:, thc ... cru:u·i¡l pt,lpo,cd ¡,. lhc: {ulluwing,: 

C··---Q=-• St. nome 
Stuclí~nt --

- -· ··-·- --o Foculty 

City (~:;fN. Olrlh··p\r¡co) 

ti~ 1 t>dl't•· "" 1 ,¡,¡.-~·r ~ Of:'f.l:'FO 
.\rnrax: DEl.ETE': (i,/). 

"The ~~hjc¡_;f whu,c u:um· ¡, 1idl i·, dclctcJ. 
\\a ron,~o'qllence-lh•: fulh1winl! ;u e ,klcrcd: 

---.dl,lhjc¡,:h d~o'IJH'd (rolll ir; 
--:di a"\O(I:llhlfl'> whl·re ·idl ¡, invtllvcd: 
•-,tl/lhc \\'111)11\"11\\ IIÍ 'j¡/1~ 

--:di ohjn·h. in 1he. hirr:ud¡ics, al thl." I,IWt:l kvd~ 11f 
•id-: 
-·.di t1hJc~h wcak wnh rt..•,pccl In 1 id). 

l..\ f'rotJ\•It"li•'ll \f,,.,.¡fi,·,aion ,·ommall,h 

"/iHl!r. :1rc lhl' 1.'!1:¡/•, pf rn;lil:Wlll¡: !r:III\:IL"I!nrh In lhC' 

rnra't:pi!UI dc'>i~:n plt:¡·.~o· of d;1t:1 h;¡,,; dl'\1)'.11 /">l'C aJStl 
/1 :¡¡; 
--ldcntifri!ll~ .h:Jkil.'lh:io in thc wnú:-pltl:d 'chcm:1. i.c. 
Jilldllll! :uJdÍ!IUCIOI] \t:hno¡;¡ LIIJI,Irllll\ tiJa! :1r1: llt:l'tkd fO 
.:."H"lllll' tho.: lljll'f:llillll\ t')".jiiC''>t:d in !1\t:f ll'41JÍI~'f!h.:lll\, 

\U tny:•i~;~·on•pklcnc" uf thc \C.:hcuu with rc~pcl'l lo 
prut:C\\ rcq•íircmcnt'>: 

... J•ruvidilll: f,~rnr.d 'lh't:ilic:•t\nn f,,r tld.tilcJ appJicllitHI 
tfcwlupnu:nt: 
-·D~tt•rminim~ rel:itivc ac.:c\~ fn:qUCIICin :don¡! func.:­
~lnll:ll p:dh': tlw. infurrn:¡tiun j..¡ '"c(uJ fur J¡,,!ical and 
phy·.i¡;:,J clc'>icn ph:1'>C. 

Wr :l'o'>llflll' th:1t thc lr:w'>:H:tion i'> Ít!iti:•lly dl''il'rihl.'tf hy 
:1 frec rcxt.m natur:d lam:ua~~c. hulhl'PIH'r•:. wc :1\'>llrllC 
1h:11 lhC nhjc¡;t<, l:illflhUIC'i. t:nlilit:\. ;¡,\IICÍ:IIÍ\111\I nf thc 
\di~o·ma •ICL"urrin¡! 1\n rhc frú' lt.'.\1 arl' alw:•Y' rt"fcllt'tl tu 

hy n:un:·. :1nd r1111 hy v:tlut·,, Any uhjrl"f rckrr..:d.to hy 
v;duc" ...:.lll be narnr•J hy mean-; of J nll'.nl.ll ~·b..,rr:u:tion 

proLl'\\·. Fur in\tan~o·c tht: followin¡.: lcxt: 

h:'\ tu he tran\fllÚncd in thc tcxl: 
'"J'rint nut The ~ltldcnt\ that :tltl'ntktl :í t:c1tain Cour'lr 

in :• c.:crtain Yc:•r" 
Seve-ra/ dJtrl:f\'111 kwh ¡¡{ rc.:lin~o·rn~o·nt c1n be t!dint:d 

duru11: thc forrll:Liii:IIJIHL nl!ran ... ac!Liln' in thc I."UOlt:plual 

Jc'>ÍL!n ''l'P hcc Fi".' 1-H. 

II,Jtural l.in¡.~u.l¡~·· fr.an•,";H:ti.,Jn 

1 . 
CUI!Co'J'~~;¡} tr;fn8aC~lOO. 

¡ 
n••ViF.Iti•m.tl 'tr.ln.s:ot:ti.on 

. . 1 . 
~~~~ut:IIJI•· tr~n~.tct1on 

1. 
¡lpo•r.ttiun.ll tr.lno;.u:ti.on 

By (Onaptud fflllllt/1"/illll wr mt•:HL a 'J1cófl~·alinn. ~l( 
lht~ lr:Lil'>:lt:linn in whid1 .mly lhc Íllvn/v¡·J \llh'>chcm:l is 
•kchtt•tl. with 1111 l'tH!l't'lll 1t1 pltll·,·dur:l/ ;!"PCCh. By 
,,,¡¡,_.,,¡¡,,,,,,¡ IWIIIIII"Iioll wc mt•:tn a .r.rt·l·ili~o·alinn in 
wludJ !lit' ;,rl"n'> p;Lth h 'Pc .. :ilio:d. Hy ,'lt't"Uftlbf,• f1111H· 

"'"'¡,,, WL' mc:••1 a "pn·iticttiPtl in \~hid, :111 th~." rn)• 
l"t·dw:d :1\jll"th ncce":ny fllf ih t'\t·,·utinr. ·.1rl.' lll.'d:trt:tl. 

11:-· .,,,,.,lttion¡¡/ frllll.\'111"/tl'll Wl' fliL':u¡ a 'PI.'L"iliratwn in 

wiJJ(h :di ·he infl,rlllalr••u cn!Kt'rrLÍilf! th~· frt·qucn..:y il( 

ll'.t' .nf tht lr:ln,:u:tinll and of thc·,¡fljcl..:lli are ~..kcl:!rc-d. 
In Fir 15 lhe ~·PfiC\puntkrH:t: hl·tw~·C!l ~li;¡J·; ;wd h:vd\ 

uf rdin.:mrnt ·.uit:•hil- fnr ;c:Lrhin~ ,ucJr ~u:th j.¡ ... Jwwn. 

~o.tl: 2 
:l,lv t.! 1 t 1 <!\\ 'lll r 11111.11 t 1 on f 

llt•••lllt'•l•· l~<lll"':Jt"!L•II .. ~ :·.··1! !.'p•·~i.''~-:rttir''' 
------- ·--·--- ·---- _J . 1 . ' l: ... ,¡: 1 

~~~·.:~~-~~~ .'-'.1~::~.~--~~~~·~'.·-~-~~~-.:-:J• , "•'l'tJ ;. -: ·•o;tt l .. ::-.::1ifi. • 
.. ¡ 

.~··~ ~ t' (:l 'L 

Fi¡:. 1~. 

In thi'> p:tpn w.: art: m:titd~· cnrK~o'rnt:d with thc fu ... r ú( 
th.: tlu~c ~!llah l'.\ptC\'rd in Fig. 15. i.c. compltlt'nrff . 
Wc tlt:cd thc•dntl.' tn tfcfmc "J. concc.Ptu:d tran..,aclitm 
ddinitinn i:lfl~~ll:H:t• ((lj)l.) lo C,\pll''\ f¡HLil:illy thc in· 
Ílllf/l:tlion ~nutcnt 11f thc lran•.adion. with nü Cünct:rn. :u 
we \:tid. 111 plt•(t'dllr:L/ :"prc.:h. Such l:tncu;tg·: nw'l :dlt1W 
ah•l p;¡¡[¡:t/ \fiCLIIir;tlltLJJ nf lhC \tlh\t:hl'll\'1 inVLIIVcd Ín 
lhc lf:lll\:IL"Ii~•n. In othcr wonh. th!! _Jc\Íg~·~~ ¡, ;dlnwcd 
In '>pt:rif\'. in thc tr:•n..,a~:ttnn dcdar:11ion. uhj...:~o:t'i wirhout 
c.,¡Hc..,'>in¡.: tht: p.dh c.:onn~.:c.:tin~o: thon :md/or thcir pro­
pcrlic" (lypc. r:trdin:dity. t~ICI. Tln.: c.:ompkt:.: 'lynlax of 
CTDJ. ¡.., ,¡hLwn in "rrcmJix 3. 

In thc mrthmln/ol!y .wc prorw·.c thc Jcsigncr C:ln 
m:tlch lhr lr;m~aCIItm with thl' partial ..,c,;hcma by mcan'i 
o! tran ... a::tion 'ip~o:~o·ifJcation conHnanJ.., c.,prt~'i.'ied in 
Tah/c !. 

Thc MATCII TRANS,\CTION primi1ive alluw< 
,·n·atint: ;¡nJ uJalrtLim.: 1/fH' lrlln.illctirJn.f or mcllchint 

l. 

A'"'um· fnr in\lance thc 'chcm:.~ in fig:. JI) has bccn 
préYIIIIJ'.l)" Jcc.:tucd. 

Ctlll'>idcr nuw thc lran,a~.:lion: 

•·"Print ;¡1/ ... tudcnh uf a ~ivcn rc:u;hcr". 

----·~--
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\f'('lo7if\.:":JIÍllR o( 

~J :-ubchrm:.t i~ 
;~ .~: l~rcCI'i. U y 
'r'('.._·ifi~·ation ín 

'Jfc'U:Ufolt [T!UH· 

r
''~ JJI thc' pro­

¡. •r . .!r~- Jl'cbrt:~. 
';"!'O:I:;~·atHl:J JO 

[~.C (rCI.iU~·n.._·;· uf 
P. :.re dc.:l.trt"J. 

h f~'Ji'i ;lnJ k\'t:i• 
h ~l'.lli ¡., \hown. 

p.-.1! l: 

¡----:'"''"'' 
! 

k.!.l: 
1:: :··-~ ~ 
' ¡,;:,:· 

1· ~- -· ·_· 

(..::::-: 

J \\ ith :hl' !ir~! uf 
.. C. ~-l'-'7!_['/!'lt'I!I'H. 

;'l!t:Ji tr~lh:JCIÍI)fl 

f.-r:n.1:!~ thl· in-­
th r.l· ~l'n~·l·rn. as 
~~~ !::: :nu"t ;.¡!Jnw 
:r:r:~-' tr.•,,l\·r:d in 
';~·:-~: h JJIOWt'd 

1· ''t-}:..:h withoat 
~:"!¿ 1': 'hcir prn-
1lr<c.:•: \\nt:\\ of 

•.<" ~c~:;:1t"t c:m 
.:~n:..~ r~ meaM 
!, t'\;'i:-n;:d in 

•r1.~:::~· e :.How<¡ 

•r:! •'f r-t..:'d:irz~ 

1i 
A (0mputer-,aidcd rnertw'd•ll•'i:Y f~1_r conceptuaf,l;tt;d';"c Jc,i~n 

Tablc ~- Tr:.~n~:...:tion_ 'f'ct"Úic.alill~ ~uñun;Hld\. 

5\'iTA.X SE."1A.'HICS 
----------------- -----------
HATCH liiA~!iAC:TIO~I: <.trotnl. n4lDe:. llhrn tt·aniso~Ction deCIIU4tinn ¡, ;;rt~l!nt, .t 

(-:tr<lnl.t<.:tlon do•c:I.Hóilion>)! r,..w trans·lCtÍun ~~ <.:rouiCo•J .1n!l::c.Htl'll'dWith 

the curr,nt dalll lcll•'fll"; whl'l\ ít il!:!ia•in¡, 

a 1111po•ndt'd tr,lll.'1•1Clton il l!l.ltt:;•uL 

<tro~no n.np> L-o~::u:n: 

----~~--1-------------------~ 

. ·~· 

h¡;. ló. 

Thc de\i¡:nn ctn l'\flfl'\\ thc uan'>:u.:tiun with tlu: 
(ollowin¡: parri.tl dl.'ri:Lr:tiÍIIII: 

1 RANS.-ICTIO~ lll·:cJ .. IR.-ITIIIS 
TLICIII'I1: F~ 
STIIDJ:.'I r .1:~. 

In thi-; l':t\t' !he rl':t'>nn f,,r·r:uti:tl ~pc,:citit.:alillU ¡.., tht•:. 
inrrin'>ÍI.:' :tmhiv••itv ,,f 1hc n:tl111.1l J.,,w.u:w.('· 'cnh'nn·. lf 
lht• lll''>ÍJ:ncr ~·I¡,,,J'it'\ .1 p:ultal '>pt'nliL"all\!11. an iuh:l· 

óH,;IiVt' \t'\'>ÍIIII ht'l!ill\ dmim: w/tidt lite .,Y\It'IU l'hn:l\ jf 
\UI.:h parli.tl 'I'L'l'llil":tllllll m.t!dtt''> th~· .. d~t·rn:t .tnd hdr' 
lhc tk\it~nn tn I.'PIIlpkll' tltl·. 'f'l't.:tlit.:.ttinn. wltcn :t t.:orn­

rkrc 'JlCl"tlic:tiÍttll ¡, ~!ÍVL'Il HIIIV thl• dtt'~~ÍIIJ! h pcr­
formt:J. 

lf inl·nn·.i,rcm·ic" :tri,c. _thl'll 'rcn;uim are ·;huwn 
!~Ul!gc•din¡~ pn"ihk '''hHwn\: !lit; dc,u..:ncr t.::tn rhtm'c 
Cifltt•r 111 "''l't'IHI lhl' !r;tn,:tl'!ÍIIfl tlf ltl ;Uill'lld tht: d:tLI 
\Chl'rn:t :tudf,,r thc tt:ut,.tdinn thl'if..lf ·lhl' tbLt ·~~..:hcm:a · 

is mthli!it·d. thnt htunl:trly ¡,¡ ..:~·h,tl lt:tprcn' fur d.tLt 

\Jlt't.:tlir:tlu•n l•tmm:tnd,¡ tt.,w.:tl"lluit' rrft·rrint~ ltt.tdtk~·¡., 

invttl~,·d iu tlw ·rr¡,,,ltlt(:tlton l":ut he updatcd •'r 'thprn· 

dt•tl. Sn· lht• f••ll•tWHH! 't'"ll'll fur dt•l:•tkJ l'\:unj,k, ,,f 
thc mrthtHf,,j,,¡:y. 

.... 4.~ D.\.\fi'U: OF llf:.'\11~~ ."1.-.'ISIII"i 

In thi-; ,c..•ctit'fl wc ~.Jt·-.,oih: .:m c..•\ampk nf dc,icn 
\c..''á\Ítln U\ÍIIJ! thc :d,,)\'c..· dl·,t.:nbcll .:tmtm:mJ\. Fr-1m in· 
tcrvic..•w.; in a Jc..·p:utml'nt a ... chcrn:• j.; crc:ttc..·d hy·n:l':llt' 
of thc fnllnwing di:tlut:uc..· tdi:lltH!lll'' are l'ncltl,l'd v. itJun 
t"ltl\C<;. '}"tllf~ul · ·' prt·~·ctk' tbc..· ,;tlmm.m~.h ,.( thc 
Jc,ignl'r ;tml '}'lithnl, ·•••· prl'~.:I..'Jc thl' mc..,..,:L~l'' tL! tht· 
\~"\ll'IILI:: 

~--:~.:!{~~ .. \~~-·: J~~r~~~~-~~~hc..·m:t. ---------~ 
¡ · !: ~ 1.-\SS: dcp.trtfltCnl-\t."ht.•m;¡ =:::- dc..•pt·h':u.:hc..·r. 

c.krartmcnt. ll':tt.:hc..·r-,~·hcm:L . 
·--·~--- --- --------·--· ---·- ---··-------------· 

.·\ non táminal Ltln~···rt i~ ..:rt::th:d h..:hcrn.• 1 ,,f Fi!!. 
17) ;mJ Í:.'\p:ultkJ inlll :tn ;¡~\tli..'Í:ttitm hl'l\\cf.'n !Wtl nt:W 

non lt'rmin:tl cunrcrt~ ~~~·hc..•f!la ~). 

Thc 11111\ tcrmm:d t'tlflt.."t'!'l tl':tdt•.:r-,chcm.L ¡, l'\fl:JnJcd 
ini•J :tn. ;t,\llt.:l:tltdn: thc rú·w (llfh,'l'PI Íc..':JCht:r i-.: dt·t:I:JrcJ 
,¡, linJ... ptltfll: t 1nly th¡.; ..:t11lO..:l'PI inhnth thc ¡,,~k·:ti linJ.:~ 
t•f (he..• rt·tincd ~·nrKcr.t tc..·.t..:hcr-,.:hcm:L 1\..:hcm:t ·.;l. 
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A. 'ompuh:r-ailkt.i nH:th•llhJlo¡;:y f•H t:~nleptua/ d:~la-ba'e de<iígn 277 

> MATCII TKANSACTIO~ cuum-Ji,r 
¡,:our'": EN; 
lcat.:hch:nur,c: A~:· lc:11..'hcr: ~.:uUr!'.~: 
1r:.11.:ha: F.!'J'; 
COI.k:K.AT: tc.;¡¡:hcr:.EN. 

An cnrity irnd dn'av .. ociation ari:"now ((C:JÍcJ: rile rrpe 
o( the ;J\\th:iarion ¡, dc-darcd: ir relate-, n in,r:,nc.:l'' ·u( 

thc cnrity h:achcr Wirh om: imtmcc: of tht: enritv ri:H.:e-
1 • 'of-rc,idl.'n~:c h¡-l;enla 4f 'T hcn lht: attriln'Jh.:\ nf thc: cnrir; 

1 

~(a¡,;hcr· are dC!iO~_J ,hy.thc comm:!nJ S'fRUE~ ·.··.yrnh,;l 
. '1' f.lividc' !.;ey,:.ttrihtlll.:_, ton the Ido f1um the ,llhcr\ tun 

the ri¡~hO. Nuw a nrw inC!ln<iÍ~tcncy h, Jl'll'crcó hy thc 
·-----' ~y,km: thc c.k'li~:ncr :rcn.:ph the ... o/utiór. \tl):¡.'.C\h'd by 

A tr:1n\:1rtion ¡, dcd:lrt•tl. who'ic nalur:il lan~u:1~~c tcxt 
is: ''Oi<pby all lhc t.:Ollr'>t'\ .gi .. L"n hy a rcac~cr wirh a 

thl' 'ccond 'ccnario and thc attrihutc dcp.trlmcñt: l\ 
ddt·r·:d hY the 'Y'IC'm. TI_Jc 111m tc:rmin:d conccpl ll':u.:hcr 
jo., .:r.:tJI):d irilo a'n t'nlily wilh kcy :..!lrihurc ~.:oJt:: nu111.:e 
lhill rhc inl.:lllhi!'.tCn( y ht·lwl·cn rht: tran ... :iL·rion t.:our'\c-li-.1 

--··. ··------···-------------·----·------------------- --
'"I~WO:"SISTESCY:TIIE ,\TJ'J<IJJUTFS OF TIJE ENTITY rcad"r ARE SOT YET flEI'I:-II'!l. 
:--H/:1.1'. 
"'SCE:-IARIO'i: 

l. TIIE .YITIUIII.ITJ·: ende H>R TIJJ: E:-ITITY !e:IChcr ~lliST 111' lliTISJ'D. 
~. TIJJ: TRciNSACTI<J.~ ~1\JST BE SUSJ'J'~J>I'Il: 

------------~--------.. ·--------------------- ·.' 

An iu~.:on ... i ... rcnry ¡, Jdn.:lcJ hy lht' 'Y'It'nl. Thc 
Je,is.:ner .1~k'i ftlf !he .:orrc..,ronJin·.~ ... ...:cn:uiu.., and 
chmht:\-rhc .... t't:\IIIJ une: lht· lr;m,;¡..:tinn •~ -..u·.pcndcd. 

:md rhc -.i.:hcma h:t\ ht·cn'r\.''ohcd hy !he lhl conini.111d 
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--~~~~~.:._~ :~ ~ ~~:~l~~_:~_:_~~~- ·-- -~- ---- -------- _________ .1 
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. ;m! iill' L'lldt'\ ,,f 1/JL' L'tiiJr·.c, in whid1 thev havc l'et:n 
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1. -· '. '· 
A ctimpuft.•r-,ú•ltJ mcthoJultl~Y f,•r ..:nn~·c:piU:•I J:tta-b:"c Jc,ign 

(wc.1k cl:uJ\e,:: ·= WF.\1\ IN . .\SSOCJ:\ rroN :idoudic:n {, WEAK IN :\.';SnCIA TJON riúc:nttficrl:o ~ 
(hicr:trchy d:ul\r ¡: : ,. 'IS.\ t' \ ft•rn.tl c.:bU''-" ¡ •• ISA mr~ril:.l ..:l:iu'c; 't .. uh•L'I ~"L1u'e J 

dS1\ inr~·rn:•l d.m~·:': , I~A ,Jcnrilicr_•. ti ,•; flf :uf. Yl St ¡ ,\ ¡·¡·¡ F 1111! JT IS •i,!..:nrrtierl 
liSA t' .\ttrnal d.tu·.e 1: · • IS -\ ¡Jcnlllll't'. 1' Rt ti' Un. Y !S .propcr·r.,- Jr,~rrpli.uH 
(~uh,ct..:!:m,.:l: · ·' SI; fl<.;fT IJF •ldl•nritkci 
(kcy dathcl:: ,.._ KEY 1\ •¡ohjl'l..'l n:unt•l ,l_ohjn:l~n:wtcJ!,/ 
(n110 kcy d.ur;Í;¡:· ~ ~Of.t K!:Y J~ [·uhjcd u'.mtc.'l ,·ohjl.'ll n:.~nu·¡fn~J,,• 
(;J\\Il~o;ialitJn t.h:linHnlfll: · -- AS.\flt'J,\ lit J,\; · ,,hjl·..:l n.ull':l 1 , •h~t:r.n~.:h)' dJu,c))0 ~. 

la''''l..'i:trion d.w,..:• ¡ .111110 ln· d:.~uH••J,." 
(a\\tlá11ion .;lau,d:: · AS SI H '(,\ II:D t JIJJH TS AJ<l; ·iJI.'ntili..:l' flc:,hiJI/, li<lentili"-'o (l..::.rd\l!¡~ 
(conu·pt dcliruriun¡:: ' (( ),\C Fl'l •uh¡n:l n:uw·¡·¡ . ~~·cak .:J,,u,cJJ,.~ j , íhrl.'r:uchy claU\t/)i," 
thicrJrchy ~:oncq\1 d-''''t't:: ,_riSA c'r..:rn.1l d:tU\O.:Jf:,uh'..:l cbu,rl 
Wl!j.:.:l n.un.:¡:; ""• iJ.:nldn·rJ/,SYSIJ~:Y~I 1.) •,iJcnlll'tcl/ \ .idcnlllil·r!.,~\u~ ( ,TEXT IS •.tcxlif,~ 
titknrdiro: · - rhrmtl'/t-r ,¡rim: 
lh'J.I/:: T /fl't' ,,.,, 

il'ftlJ"I.'fiV Jn_-;¡pllllll¡: · ": jt(t' f¡•Jt 

(C;UfJ): "' 1/1\/\t 

o.·lil'tt f.<lnl'llrll'•'-/1,\'f: 

AI'I'PWJX -! 

i pr uníll ~e: 1: · 'l.'fl':tlll' _.¡, l'' pnl' •1· e' ¡'I.J~• 1¡1 l'ni.I"¡{I,IF u en,¡, 'tru:'' ;/ 
(~:1r:1 "'' • . ..;¡ ~ .tb·.J!o.~·re:,fl :/ie _, ¡'l;t\1 •/• dl· k le •i ,lé .ti.'/'\ yn¡ 

\cr~·.1nn : ... CRL\t'.'f ·1./,¡ 
it\rn~-~ 

1('.\fl.l\~ ¡ 

ll'/11.1•'' 

'\IPJ~ 11• 

t\ltU:(\< 

1l'IC:J,,: 

•Ut':lt'l't 

1\.'ll':tl!• 

-~\p;¡f!; 

-tkkll'; 

pr.tjl('li'•: 

: .. EX!' NI':·¡,/ 1 :;:. '¡,¡_ 11. id.!;.,· 
; .. EXI'A.\S:~.i./.'i :;. ~i./,t (,lid,:],," 
: • EST t\.\S -.,¡ 1 ::>'t:ñ. (,Hm I.:F.';T,\SS: ·iJ.' :;- ·l'll. fnrm ~~ 
: • STRC ES. irl,, -:--...- i ,,¡ .. , ~ . :id ... :.; "{< ¡,¡ .,. ', , ·.iJ ,,. :.: :.,·• 
:"SHH.'\S: ¡,/,: _; ... ,,,f, :.-i.t,, :.;·:.,· 
: ·•('J<L \';~;- ;r. fnrm! t'J/.1-:.\SS.:~·r. furm ~ 
.,.nn:.-\11\· i./ •• ~r :·rJ~SI.Ttl/' ¡,¡_,.·. ,,¡~,:.:.· 

Cf{J-.. \I!S. iol ,,.1 1; l _-.;HU 1.1/.\ f /1 1."-i 1 lF iJ -~, !; : i./.~J:: f)!'-J •pn•pt'rtrJ 
: -.no= .. \rr: J.I,.;I"·•·.·:¡_','KI-:Y: .. · i.!,,. 
: ~ F.\1' \ f'f . ¡./_,. ·::-'Id,,::. •,i.J,,_.;.,· 

·: ·• DFI.I'. JI ¡,/1 
· --- l'.";PUU y!_.;¡¡ .\l"IIWIL"/!·: io! .• :EXITR.\.\1. I'Rtlf'UUY td,., 

-lc\11 • IT.X'l 1 fiH ~>l•.·lt.'l in J'..lTIIt-11 l.o~~¡·u.n:r-
1\\nl ; SY\ fll: ,,¡. :i,i::. ,,¡ 1.:· 
ll'r.(utml·: .(j,J..~,il'l'o~l•lo~:,,'¡!• 
tCf. (,!flll ~' , •· 1 itJ,; j . ' id ~ 1/,,". • '. il/ . : 
tl'n.!nrrn ¡, ·/• 1 . .' <1.!,1, ( ~ 101

1 (i!/,,~;¡¡,_,·ardillu'l~~ 
iCII. {~IU1l ~).' \Ít/,1! ,{ · !u' <i,/ .. ~¡) 1 ".l· ).• •id., ·' 
(C:It!JI :" lf~f.\f 
(it/) : •l.id..~,\fli./,,1 
\itl .• i ; .. dd, i!(i./.)ílill,i 
(id,,) : • (C"Cfll:ll ¡•wpcriY idenlllicr) 
(j,{" 1 : ... ',11( .. •• ¡,¡ __ ) 
iid .. ) ; '~ ¡i,J,)/~i·l.) 
1i•l.> · "'ll'om·rpl i.lcn111icP 
(id,) : "'<.:J\~tll'J.IIInU uknttliaJ 
¡;,J, J -· {t'nf¡f·, ,,l,outJht't • 
tM,J : ·' 1a11rihuh· J•kllllli~·r·. 

1't1HHI/(Úntl ,/,·.-fllftltio<n /,/nl'/1•1~'1'- fll\'J.' 
A lr:I/1\J('!Jtlil Jl·dJrJIItrrl h ~·\filt:"o.:d ~~' 

lR.\SS.\CTI<l~ Ol'l'I..IR ITIO~ 
\uh¡crltkd-•r.•IH•nJ 

(uhj.-l'ltkcl.tr.tlhlll' 

f:NP Clf-' llH 'l..W.\J'J(l:---; 
An •lt'lrr~·t•k'l.n .• r .. •nl~ ,klmt••l hv rhc fo~l!ti\\IIW n:wHn.tt: 

loJh¡o.:d J,·d:tr.ll~<•n: •n .• mc ,,¡ o~t•¡\·d•i•t•rc •kd-11-lilt•n! 
n~·r~· J,·lJ,,r;¡TulnJ: ,_. · n:tmc u( oht\'.-t': -r~·r~' • 

---~-· -------- --------_ ______, ------------- ----- ---·-·---------·------·-'---

·. ~19 



l&O 

•¡ 

,, .. 

---~-

C. 8.1 T!SI rl 111. 
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{lyrc):·a.·i,jmrlt' tyr .. ·•/(t;¡lmp.,,c=d ~~-r~J 
·(,implc I)JI<'I: •-1\T/F~/AS 
lcompmcJ lyrcJ: .. C¡llrihule ¡;omro'~il lypc:/la'"'¡;i:.~tilln ~·omr~<l\t'J IYrcl 
(;allnl'lulc ..:umr••'ctll\p,·'::: 1alltthur,· ¡~·r-:-1: •-•IUihur~:, llper;•ncl, dcd;uari.'lni 

(:sllnhutc ¡~·po: ·- 1\1\ J¡JlJ\AT/SKA 1'1.·\ 1'. 
iallnbute\ upcranth Jrd;¡r:~.lltln/: ' 'nJm~ nf ••hjc-=11: f:~{rn ... mc of ohic:co: AS! 

? , ({n<~mc ,¡f ••hi~.:lr EN l. f,,,f:,/1:~ 
(3,\lldation cumruheJ r~·rr': ·= 'n:unc: ,,f nhJt'd) AS:l•namc of uhjn:O:E!'l/, CIJrJ!,'. 1:" 

(?: (tn:un\' ,,¡ ''hJC..:I1: EN L cardh/;j.• 
lnamc nfnhjcdJ: ~ d/llrul"ta 1/rifll:. . · 
In 1 ro¡ lhc 'l'lll:101in tlf thc ltan\.u;l!on dc¡;f:.ratinn bn~tU:J¡.:c ¡, Jr ... rribr:d. 
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Preface 

In Hay 1979, the Relational Task Group (RTG) 
\r/as chartet·ed to investigate the JU&tifiability of 
proposing to ANSI/XJ that a project be initiated to 
dcvelop a relational standard. Having conclu"ded 
that such a propo~al is Justifiable, · the RTG 
drafted a document entitled 'Proposal for Standar­
dizing Interfaces to Relational Database Management 
Systems 11 to be submitted to ANSI/l<-3. Tb.e RTG pro­
poses that the íunctionality of the interfaces to 
Relational Database Management Systcms (RDBMS) be 
standardized. 

The current report is intended to support the 
proposal for a relat1onal standard. It documenta ¡::. 
the resulta of the RTG's investigations which con­
sisted of three tasks: 

l. Identify the fundamental concepts of the Rela~ 
tional Data Model (RDM) o 

f eatures of 
to determine 
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Tbe RTG thanks the Computer Corporation of 
Ameri~a for its benerous support of production of 
this reporto Special thanks are due to David Darcy 
who carefully formatted the entire docullient. 

2. Characterize the 
potential RDBMSa 
functions. 

existing and ~~~ 
the ·interface l! .. 
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J. Investigate the role of the RDH and RDBHS in a 
DBMS architectural frame .... cirk sucb as the 
ANSI/XJ/SPARC ~rototypic~l architecture, and in 
a coher€nt fam1ly of DBMS staodards. 

The fiist two tasks were tractable. The 
resulta of ·the first task are found in Chapter 2. 
The resulta of the second task-are found in Chapter 
3*. · These resulta form the tecbnical bas is for the 
propasa l. 

The third task addressed open research prob­
lems. Chapter 4 documenta the problema by identi­
fying issues and . known. alternativea. Chapt"er 5 
summarizes · the resulte and· propases t,uidelines for 
developing a relational standard. 

*The t·esults are based ou detailed feature analys.es of t .... elve individual 
documenta will be published in Brodie, M.L., and Schmidt 1 J.W. (Eds.), 
Systems: Analysis and Comparisons 1

11 Springer-Verlag, Heidelberg/New York, 

RDBMSs. These t .... elve 
''Relational Databaae 

in presa. 

RTG .... orking 
Management 
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For more than a decade the relational databaae 

model (KDH.) has received considerable attention in 
Lhe rcsearch couu:nunity and is now recciving alten­
tion by database practitioners. The RDH's ~impli­
city and formality continue · to inspire a lar~e 
, 1mount of research and development. Hany pr'actical 
and theoretical advantages have been dewonstrated 
or claimed, e.g., higb level relatiooal languages 
bave strongly influenced the development of data­
base query languages and theoretical resulta have 
provided database design sida. 

Over the past ten years tbe relational 
approach to databases has become a dominant factor 
lD database educatiün. lt i& used for database 
desiKn, analysis, and query formulation. Currently 
rhere are over 70 DBMSs that are asid to support 
relational concepts and languages. Extensive 
interest in these. systt"m& indicares that they soon 
will come into widespread use. 

Although they are similar, the 70 RDBHSs do 
not provide the same 11relational" functionality. 
For these and other reasons. the ANSI/X3/SPARC 
Database Systems Study Group (DBS-SG) established 
the RTG to investigare the justifia~ility' rif pro­
posing Lu ANSI/XJ that a relational standard be 
developed. This cbapter outlines the m~tivations, 
cbarter, ~nd products of the RTG. 

1.1 Hotivations for a Relatiofial Standard 

Three motives led to the investigation of a 
relational standard. One motive concerncd timing. 
Since its introduction over a decade ago [CODD70J, 
the core RDM concepts 'have provided a stable basis 
for database researcb and development. For some 
years, the relational approac"h has been widely 
taught and understood in both commercial and 
academic settings. Currently, significant interest 
is beinK ~xpressed in tbe DBHS marketplace. Over 
70 DBMr '• languages, and hardware devices said to 
be base•: on the RDH have been developed 1 many of 
whicb L:-:'e or soon will be commercially available. 
Keen user interest has iesulted in wany projections 
of tbeir widespread use in tbe near future. The 
effectiveness of relational technology has been 
demonstrated for a wide range of user and applica­
tion needs. 

A second motive is the desire for alternative 
approaches to data description, acce.ss, manipula­
tion, and integrity control. Tbia· was recognized 
at the outset of the CODASYL approach to databases. 
More recently, the desire for coexisting, hetero­
geneous data bases. motivated (in part) the 
ANSI/X3/SPARC prototypical architecture [TSIC78). 
To date, only the CODASYL approach has been 
considered for standards development. Tbe desire 
for alternatives cnn be seen in the variety of DBHS 
types (e.g., CODASYL, relational, bierarcbic, pr,im­
itive, hybrid) in today's DBHS m.arketplace. In 
September of 1980,· the National Bureau of Standard& 
made a f irtÍI commitment to support three primar y 
alternatives (i.e., CODASYL. relational, . and 
hierarchical). The appropriateness of an alterna­
tive dependa not only on the nature of ·thc applica­
tion requirements and uscr needs but also on 
matters of taste and style. Since the relationship 
between the alternatives (e.g., one a subset of 
another) is an open. researcb topic, they must 
currently be viewed as distinct. 

,•i 

A tbird motive involved the claims made. and · 
in some cases demonstrated. for tbe inherent bene­
fiu of the relational approacb. Four of tbese 
claima are: Tbe RDH and ita related languages are 
simple and uniform ·aod are based on a small number 
of well und~rstood concepts. The RDM permita a 
high dcgree of data independence freedom of 
relational schemata and languages from representa­
tion details. Tbe RDH is based on a sound theoret­
ical foundation whicb permita tbe analyais of 
languages and applications. and provides ·a basis 
for further researcb. The RDM provides bigb level. 
nonprocedural qualification primitives (e.g., the 
relational c.&.lculus) for the design of' bigb level 
query and manipulation langu~ges. 

1.2 RTG Cbarter 

At ita May 29. 1979 meeting in Boston, the 
ANSI/X3/SPARC Database System Study Group (DBS-SG) 
unanimously approved the establishment of and cbar­
ter for the Relational Datsbase Task Group (RTG). 
The charter reads as follows: 

"Tbe Relational Database Taslt Group (RTG) will 
establish whether there is sufficient justification 
for proposing to ANSI/X3 that. a, standard& project 
be initiated for. tbe relational approach to data­
bases·. To do so tbe RTG will identify or estab-
lisb: ' 

l. Relational Data Hodel (RDM) concepts and termi­
nology iOcludi~g an RDH definition; 

2. aspects of the RDH and of Relational DBHSs 
(RDBMSs) tbat migbt be appropriate for stan­
dard& dev_'clopmeot ¡ · 

3. issues concerning the role of tbe RDH and RDBMS 
featurea in a DBH.S ar-chitecture sucb as tbe 
ANSI/X)/ SPARC prot_otypiC:al arcbitecture; 

4. tbe relationship of 
'software standard& 
standards; 

existing and 
to potent ial 

potential 
relational 

5. other guidelines for standard& development in 
this ares, as ·appropriate. 11 

1.3 RTG Products 

Tbe RTG had ·ita first meeting, under the 
chairman'sbip of Hichael L. Brodie, on July. 22-23 1 

1979 together with DBS-SG in Hinneapolis. At tbat. 
time, it vas proposed that tbe RTG respond to ita 
cbarter by producing two documenta for tbe DBS-SG 
to be considered for presentation to SPARC. 

The primary product of RTG will be a· recommen­
dation for or against the initiation of an ANS1/X3 
standard& project for the relational approacb to 
databases. Tbe format of the recommendation will 
follow the one defined in the ANSI/XJ/SD-3 docu­
went. The resulting document will be referred to 
~s "the SD-3''. Typically, if X3 approves. an SD-3 1 

1t establisbes a technical committee responsible 
for the proposed standard& project.. · 

The RTG's main objective for the SD-3 was to 
provide sufficient and precise information to aid 

,·. 
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the DBS-SG, XJ, ánd SPARC in deciding wbetber to 
initiate a relationa.l Standard a project. Tbia 
involved a clear deacription of tbe nature of tbe 
nandard ( i .e. • def initlona of tbe ·RDH 8nd fea turea 
of an RDBHS) and a thorouKb evaluation of the atete 
of the art. The SD-3 should aleo provide adcquate 
guidance for a aubsequent technical commi~tee· by 
outlining an unamb1guous scop_e and effect1.ve pro­
gram of vork. The SD-3 shouló not overly constrain 
the technical committee'a work, e.g., iaau~s and 
alternatives should be raiaed but not resolved. 
Tbe SD-3 has been completed and ia entitled "Propo­
aal for Standardizing Interfaces to Relational 
Databa se Hanagement Syatema". 

The current document • nThe Relational Data base 
Task. Croup Final Report ", has three purposes: it 
provides tecbnical support for the SD-3; it record& 
the resulta of tbe RTG'a work; and it providea a 
base document for aubsequent technical 
committee(s). 

During ita two year cxiatence, the RTG con­
sisted, on the average, of 18 people. Each of ita 
13 meeting& vas atteoded by at least 12 RTG 
members. '· 

2 

Tbe RTG eatabliahe_d liai•on vitb tbe follO\ti '_';)!_ 

group1 and countr iea: ~ ~ 
·.': ~(' 

ANSl/XJ (U.S,A,): H2, H4, Jl, J3.1, J4, DBS-SC •· ': 
CODASYL (U,S,A,): DDLC, FDBLC ¡¡~' 
National Bureau of Standard& (U.S.A.) ".~: 
International Standarda Organization: TC97/SC5/wcj' ·• 
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C~nadian Standards Aasociation (Cenada) ~·í, 
British Standard& Institute (Creat Britain) 
British Computer 'society (Great Britain): DDSWP -~·-

DBORG, DDAWG '. . . 
Deutacbes Inatitut fuer Normung, DIN (Germany) , :'131.' 
Gesellschaft fuer Matbematik und Datenverarbeitung• s· 

GI\D (Germany) · '·- ·;!¡. 
Association Francaise de Normalisation, AFNOR · A 

(France) , ·JI' 
Bureau d'Orientation de la Normalisation 'en :¡..t 

Informatique (France) t· 
Institute National de Recbercbe en lnformatique et ~ 

en Automatique, INRIA (France) ·\ 
Conaigla Nazionale delle Ricercbe (Italy) 
Finland · 
Norway 
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z. TliE RELA4!0NAL DATA HODEL (RDII) 

From their initial formulation to their ~re­
ciBe definition and their final rcali~ation ~n a 
Rcl.utional Databa&e Hana~t~ment Syst~m, the conccpta 
that conutilute the RI>H nrc dcfint!d in difícreut 
.,.·ay•. Thcrc are thrct' diatinct stcp» in thie pro­
KrrKiion: 

• The Rt'lntional Pota Modcl i• the 
basic conccvts that underliea 
approach to data definition, 
query, and integrity. 

collection o! 
the rclational 
llUinipulation, 

• A Relational Data Model Definition provides a 
notatioo (synta~)~ identify the concepta of 
the RDM and an unambiguous specification of the 
meanin& (semantics) associated with this nota­
tion. 

* Relational Database Management Systems (RDBHS) 
are software systems that provide interfaces 
with the functionality specified by an RDM 
definition. ·Languages (syntax and semantics) at 
these .interfaces are tailored to meet user's 
·needs. 

The purpose and relative importance of the 
steps are clear. RDM concepts are fundamental~ An 
RDM definition is one of many possible expressions 
of the RDM concepts. A RDM definition is needed to 
guide the specification and implementation of the 
relstional features of an RDBMS. 

This cbspter outlines issues in determining 
tbe constituent concepts of tbe RDM and in formu­
lsting definitions of RDH concepts. References to 
tbe literature are used to illUstrate a variety of 
RDH definitions. The basic concepts are discussed 
añd some relational terminology is introduced. 

2.1 lnherent Definitional .lssues 

This section addresses two central definition 
issues: first, whicb concepts should be included in 
a basic RDM definition and whicb might be con­
sidered as extensions; second, what is the re la·· 
tionship between the purpose of a def inition ancl 
ita form. lssues such as precision, level of 
detail, and formality of RDH definitions are also 
raised. 

2.1.1 RDM Core Concepts and Extens~ons 

Of tbe many concepts associated with tbe RDH, 
whicb of them are furidameotal,. and which could be 
defined in terma of (or as extensions to) fundamen­
tal concepts? For tb~ purpose of a DBHS standard, 
a majar criterion for distinguishing core RDM con­
cepts from extensions concerns the state of tbe 
art. Th~ core should contain those conéepts needed 
to accuunt fot: current RDBMSs as Opposed.to other 
DBHSs. Further, tbe core concepts should be 
demonstrably practica!. Henc~, sorne desirable and 
useful concepts that are prohibitively hard to 
implement should remain, for the moment, exten­
sions. 

There are other criteria for distinguishing 
core concepts. Fundamental concepts need not be 
minimal. They should provide a complete basis for 

------~· --
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·data definition, altering, querying, and integrity 
of relatioDBl databa1ea. Tbey ahould alao ,provióe 
a baaia for distinguiabing tbe RDH from otber data 
modela as well as a conaiatent basis for extending 
the ROM (e.K., so that a standard baaed on tbe fun~ 
damental concepts could evolve r naturally to .tak.e 
advantaKe of new reaearcb resulta). 

C.:unct-pl 1 C(luld be exc ludcd from a baaic ·RDH. 
dcfinltiuu it thcy: 

- Co11flict wilh fundamental conccpta, e.a., dupli­
catc tuplca, rov ordering; 

- coucern rcprcaentation iaauea, e.g., representa­
tion of relationa, detailed ayntax of- DDLa and 
DMLs; 

-are nonrelational in nature, e.g •• library func­
tions, security; 

- concern the use of tbe B.DM~ e.g., dependency and 
normslization tbeory for database design and 
data integrity; 
concern implementation or language issues, e.g., 
create aod drop relation; atore, name 1 or main­
tain derived relation values (bence dynamic and 
static derived relations are excluóed)¡ 
concern open res~arcb iasues, e.g_., null val~es_, 
surrogates·. 

The RTG 
fuudamental 
bas1s of tbe 

considera tbe following concepts to be 
to tbe RDM. Tbese concepts form tbe 
RDM description given in Section 2.3. 

Basic Background: 
set theory, propositional logic, first arder predi­
elite calculus ¡ 

Structure Concepts: 
relation 1 relation schema, rclation value, tuple, 
attribute~ domain, relatiooal database, relational 
database schema; 

Operators: 
(a) B.etrieval and Derivation: 
(the relational algebra operations are given; bow­
ever, tbe relational calcU:lus\ could a"lso be used) 
Cartesian product, union, inter~ection, set differ­
eoce, selection, projection, JOin, division; 
(b) Altering: · 
insert, delete, replace; 

lntegrity Concept: 
Key; 

Examples of concepts excluded by tbe RTG from 
the bssic RDM def~nition are: 1 

Structure Concepts: 
derived relation (static and dynamic), derived 
relation scheme, null values; 

Operators: 
(a) Retrieval and Derivation: 
library functions, derivation 

1 

o ver 
1 

r.ull vslues; 

(b) Altering: 
.altering concerned witb null values. 

Integrity Concepts: candidate key, 
integrity (foreign•key)¡ 

2.1.2 Definition lssues 

referential 

The RDM concepts··can be ·formulated in many 
substantially equivaltnt definitions. Formulations 
may var~ in: terminology, representation, notation 
(formallsm), level of detail, precision, and degree 
of formality. ldeally, each definition takef 
advantage of tbe possible variations to meet the 
particular needs of the ir.tended audience, to 
empha~ize certain RDM aspécts, or to -expresa a 
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particular- peri:.eption of tbe RDK. -Possible audiencea for an RDH definition 
differ substantially in interests, needs, and back-. 
grounds. Typical audiences include: DBHS desigoers 
and implementors, application development language 
designers and implementors, applications deaigners 
and implementara~ application _users, students, and 
rcsearchers. A diffcrent RDH definition may be 
nppropriate for eacb oudience and ita int~nded por­
pose for the definition. For DBMS standarda, the 
most important use of ene or more RDH definitions 
vould be as a basia for apecifying a relation8l 
standard. Tbe definitiona must be sufficiently 
precise, formal, and detailed to permit analyaia 
for consistency and completeness of the standard 
and for conformity of a particula_r DBH.S witb the 
standard. 

Terminology 

There is no single generally accepted termi­
nology for DBMSs or for discussing the RDM. While 
the existence of synonyms is often cited as a ter­
minology problem, the RTG has found pseudo-synonyma 
(e.g., words tbat may refer to similar objccta but 
wbose ,def initiona differ, su eh as "record", 
"tuple", and 11row"), and words that bave mul tiple 
meaoinga (e.g., '\.ey") to pose even greater prob­
lema. The use of a definition and term dependa on 
one's perspective and tbe tapie at· band; for exam­
ple, "attr.ibute", "data item", an.d "fie~d" may be 
use~ in discussions of different issues. 

The relational terminology used tbroughout 
tbiá report is given above in tbe list of fundamen­
tal -:iDM concepta (Section 2.1.1). Ihe terma 
11 table",· "row",. "column", etc. (see Section 2.2), 
are oot used because tbey are lesa precise and are 
intended for a wider audience. 

Représentation 

Tbe RDM can be represeoted in many ways. 
Hence, the RDM should oot be biased towards a par­
ticular represeotation. Relations can be perceived 
or represented in a variety of ways, e.g., seta of 
structured tuples, n-ary predicates on elementary 
values, arrays of tuples, or as n-ary functions (in 
general multi-valued) from elementary values to 
elementary values.· Relational operators can be 
expressed in several formsJ _e.g., in relational 
algebra, tuple-oriented relational calculusJ 
domain-orien-ted ·rE;lational calculus, or in n-ary 
funct ions. 

7 

4 

·.-'¡,'?jjfl 

Only certain combinations of atru~ture 
representation and operator form are appropn.ate · ~ 
e.g., "aet& ... ith algebra, tuple or domain calculo; 
with predicatea, functiona for both, end seta and 
calculua. Some languagea mix both seta and arrays 
and calculua and predicatee. · ' 

"Notutiona 

Many notationa can be uaed to define the -RDM. 
Engliah can be uaed for informal definitioos aDd 
many form.nlisma can be used for a formal defini­
tion, e.s,., aet theory [CODD70), extended aet 
theory lCHILDS77], Poaitional Set Notatioo. 
[HARD80}, Meta-IV of the Vienna Development Method 
[BJOR78], the Vienna Definition Language [LUCAS71}, 
Floyd-Hoare axiomatice [HOARE72}, functional 
specifications [MILLS79), algebraic specifications. 
[GUTT78], initial · algebraa (GOGU77),. and grapb 
theory [FURT78} (see al&o Section 2.3). 

In comparisciO_ ... itb·RDBMS , implementors, users 
of r·elational qu_ery ·languáges and uae'rs of applica-

. tiona implemented on an RDBMS need to know only 
relatively fe._. RDM details. For exámple, tbe RDM 
descriPtion in Section_ 2.3 'may be ·adequate for 
users but inadequate foi RDBMS implementara. 

Precision 

A definition at any level ?f det8il would be 
precise if there were no quest1on aa to the under­
standing of tbe details given and tbe scope of ._.hat 
is described. In addition, a precise ddinitioo 
would remain consistent as détails were added.- For 
example, tbe footnote& in_ Section 2.3 conc~rning 
first order predicate logic as a baais foi selec­
tion criteria in the relational calculus are pre­
cise but not detailed~ 

Formality 

Informal definitions are appropriate for edu­
cation1 end user guidance, and some aspects of 
database design. Formal definitions facilitate 
analysis for ·consistency and completeness of tbe 
definition itself 1 specification of relational 
languages and -systems, some aspects ·of data base 
design 1 conformity of a DBMS implementation witb a 
standard. ' 

Tbis report contains several examples of 
.descriptions of the RDM. Section 2.2 lists several 
otbers. Table 2.1 corilpares tbe descriptions in 
this report based on the,above criteria. 

.l 

l 
~ 
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COMPARlSON OF SEVERAL RDH DESCRlPTlONS 

1 dt>acription Jexplicit limpl-icit limplicit lexplicit 
1¡ purvoae leueuce of RLlH, how-him~licit) buia t"(;(itunctio~u .constitut-lformal dcfinition 

RDH. concepta go to- lfcaturea of an RDBHSiing RDBHS interface lfor implementation 
1 'lgether 1 education 1 1 1 
~--~------~~~~~---+~~~--~~~=~~~~~~~~~~~~~-f 1 audicnce introduction for RDBHS comparera, de- thoae coucerned witb. RDBHS deaignera and 
1 lthoae kuowledgeable ls1gnera, and lmple-IDBHS atandarda, implementara, 1 
1 lin databaaea, e.g., !mentora le.g., DBSSG, ANSI/X3ltbeoreticiana 

1 1 .jstudents, DBSSG 1 1 1 
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1 representatlOD !seta; algebra and lseta/predl~atea/ar- laeta; algebra and lsets¡ tuple calculus 
1 1 tuple calculua 1 raya; algebra/tuple 1 tuple calculua land algebra 
1 1 lcalculus 1 1 
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1 1 1 IEngliah 1 
~~~~-r~~~~~~~~~r--4~~~~~~~~~~~--~~~~~~~~-+ 1 Level of deta1llessence and h1gh more detail tban 2;2 little detail complete detail 
1 lleve! details 1 1 1 
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2.i Examplea of ROM definitions 

Although there ia considerable relational 
literature, relatively few papera give a complete 
definition of relational conccpts. In the nhsence 
of a basic reference document aud universally 
agreed upon concepts, different pcrceptions ot the 
RDM have been developed, together with specific 
terminology, assuwptions, and concerns, and often a 
particular a~ta manipulation language. Some of 
theae issue~ are discussed in Section 2.1.2. 

The t~.::: of explicitly analyzing tl1e variety 
of definitions, concepts, and languages as dif­
ferent perceptions of one relational model remains 
to be done. This section is a contribution to tbat 
effort. A number of papera are listed that have 
contributed significantly to the establishment of 
some relational concepts, or that provide typical 
perception of tbe RDH. 

Beeri C., Bernstein P., Goodman 
Sophisttcate~s lntroduction to Database 
t1on Theory". VLDB Be~lin, 1978. 

N., "A 
Normaliza-

This paper is a tutorial on a number of 
tapies concerning relational theory: depcndency 
constrain.ts (&uch as 'functional and multivalued 
d~pcndeucies), noi-mal forms, and relationill 
schcma design. It summarizes resulta and men­
tions a number of open issues (e.g., the impor­
tance of the universal relation assumption). 

BJthner D., "Formalization of Database Hodels". In: 

Abstract Software S~¡JecificationsÓ Spring.er Lecture 
Notes in Computer Sc1~nce 86, 198 • 

Using tbe Vienna Definition Method (VDM) 
of denotational · semantics definition 1 tbis 
paper gives formal descriptions of relations, 
the relational algebra, and tbe tuple. rela­
cional calculus. 

Codd E.F., 11A 
Shared Data 
1970. 

Relational· Model of Data for Large 
Banks". CACH, Vol. 13, No. 6, June 

The p11per that started evcrytbingÍ Unlike 
acores of othera, it agea very well. lt 
presenta a set-tbeoretic definition. of rela­
tions, mentions tb.e table view (called array· 
representstion), and describes tb.e algebráic 
operations~ · 

Codd E.F., "A Database Sublanguage Founded on the 
Relation.al Calculus 11

• Proc. ACM SIGFIDET workshop, 
San Diego (November 1971). 

This 
directly 
whicb baa 
design of 

is tbe definition of ALPHA, _derived 
from the tuple relational calculua, 
directly Or indirectly influenced tbe 
many relational _qucry languages. 

Codd E.F ., "Rclational Completeness of Databa se 
Subla.nguages 11

• In: Data Base Systems, Courant Com­
puter Science Symposium 6, Prentice-Uall (1972). 

A stat1dard reference for a definition of 
tbe relational algebra, the tuple relatioual 
calculus, and relational completeness. Tbe 
paper also discusses the translation of cal­
culos formulas· into algebraic expressions. 

.-~---~---'· 
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Codd E.F. ,· ."E:r.teodiog tbe Database Relational H.odel 
to Capture More Meaniog". TODS, Vol. 4, No. 4 1979. 

Thia paper co.ntain• a definition. of-basic 
conccvta of the RDH, uaing let theory and rule• 
for a tabular view of relation•. The d~finition 
itu.:ludc• a Vt."rliou of the algcbrnic opt!rationa. 
TllL• ¡¡npN· uuggcata two rulu which (~onlTol the 
rcvleucnlatioo of ~ntitiee by rclation• •nd 
constrain the altcrliti'on operatione ot the RDH. 

. The terma "fully relational" n.nd 11 scmirr.la­
tional" are given a definition which vas refer-
enced in Section 1.5 of the F~ature Catalogue 
[BROD80c]. The paper alao propases a number of 
e~tenaions to tbe relational model (representa­
tions of entitiea, aasociations, treatment of. 
null values, etc.). 

Date, C.J., "An lritroductioo to Databaae Systems", 
Third Edition, Addison-Wealey, 1981. 

Tbe part of tbis book that deala with the 
RDM has been reviaed and expended in the third 
edition. lt includes among other thinga a 
set-oriented definition of relations, illus­
trated by table representations, a definition 
of relational algebra, tbe tuple, and domain 
relational calculi. Codd's definitions of 
11fully relational" and 11aemirelational 11 are 
given, and the ob~ervation is made tbat no 
currently existiD& aystems are fully rela-
tional, or even semireiational. · 

Delobel C., ~'An Overview of the Relational Data 
Theory". lFlP Congress 1980." 

This paper summarizes a number of. resulta 
from the tbeory of relational databases and 
their application to databaae design. Among 
other tapies, the following are described: 
decompOsition of relationa; tbe universal rela­
tion assumption; functional 1 multivalued, 
hierarcbical and join dependencies, and tbt:ir 
a~iomatization; tableau~ and their use to for­
mulate probl~s of dependenciea. Tbe paper also 
contains a definition of relations which men­
tions both the set aod tbe predicate aspects of 
a relation. · · 

Gallaire H., Hinker J. (Eds.), Logic and Data 
Bases, Plenum Presa 1978. 

This book contains a numbcr of papera 
wbich explicitly deal witb the relational 
model. The typical logician~s vieW of a rela­
tion is that it representa a predicate on 
domains, and the typical calculus langua~e ia 
some version of domain relational calculus • 
The notion of" a tuple (or record) is a natural 
one in tbe database field, hut mucb lesa so in 
logic, artificial intelligence, and natural 
language studies. 

Lacroix. H., Pirotte A., "Domain Oriented Relational 
Laoguages". VLDB, Tokyo 1977. 

This paper defines .tbe domain rclati"onal 
calculus, where variables range over.domain 
values rather than over relation tuples as in 
tbe tuple relat~onal calculus. The ·pnper al so 
discusses the design of domaio-oriented 
languages. 

Saodberg G., "A Primer on Relational Database. Con­
cepts". IBM Sy~tems Journal, Vol. 20, No~ 1, 1981. 

6 

Thi1 paper pre•enta a tabular viev of tbe 
RDM. One adv~nta&e of tbe .relational model it 
that its dat~ atructurel can be informally 
desc.ribed at table1. The folloving description 
i.t. an informal def inition of the table viev of 
r~latiuno (otber. charactcritationa of timilar 
d~•criptiona are the ''record vi~v'' or lh~ "flat 
filo virv" ot relationa). 

:·. 

'· '. 
" 

"The data i.re •tructured in· the form of 
tablea consiating of columna and row1, witb tbe 
rowa corresponding to record& or seg.ments, sud ~(~~ 
the columna represeoting fields within tbe .. p 

records. The following rules must be followed: ~r-

- Each table cootains only one record type. 

- Each record (row) has a fi'xed number of 
fields, all of vbicb are explicitly named. 

- Field8 are distinct (atomic) so that repeat-
ing groupa are not allowed. . 

Each record ia unique -- duplicates are 
allowed. 

not 1 

• . ! . 
" Records may come ·in any Order; there is 

predetermined sequence. 
. 1 

no •: :j ., 
Fields take their value from a dom.ain of ~. 
possible-field values. 

- ·.¡.he same doma in ·maY be uaed for many dif­
ferent field types, tbua becoming the source 
oí f ield values in different columna in tbe 
same or differeni tablee. 11

-

Thia def inition can be· derived from the 
def init ion given in Section 2 .3· if the folloW­
ing correapondence of terma is introduced: 

relation value • table 
- relation scheme record type (or table 

type) 
- attribute • column name 

tuple • row = record 
- N-ary Ielation ,.,- table ~ith N columna 

-· 
Ullman J .D., Principles· of Databaae Systems, Com­
puter Science Presa 1980. 

An important pa'rt of this book is devoted 
to relational concepts, · witb a set-tbeoretic 
definition of relations and a· presentation of 
the basis of several query langua~es based on a 
thorough·definition of tuple and domain -:-ela­
tional calculus, relationa.l ulgebra, and U.•.!lt" 
correspondences. 

2.3 Concepts, Terminology, snd Ex~ples · 

Disclaimer 
1 

DUe to the presaure of time in completingl 
lthe work of the RTG, it vas not possible for thisl 
lsection of the Final Report to be reviewed by t~el 
lfull task group. This section vas developed 1nl 
lsubstance by Joachim Schmidt, with contributionsl 
lfrom Michael Brodie and Alain Pirotte, and withl 
ladditional comments from other membera of tbel 
lgroup. Altbough this material does not neces-1 
lsarily represent the consensos of tbe group, itl 
lis included as an example of a relational datal 
/model description. 1 
1 • 1 
1 1 

1 
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Easentia~ly. a d'ata model providea tbree kinda 
of mechanisma· to support data managemem: struc-1 (l 
tures. operstiona, and constrainta. This aection 
discusses the basic mechanisma witb cmphaaia on the 
r.elational Data Model (RDM). Terminology associ­
,t~d with rclationa and relational operstions (auch 
:~~ relatiouül algebra and calculua) are describ~d. 

"l .• J.l l\nuit· <.:nnct>¡>tl uf lhl'! RllH 

This section presenta one viev of the funda-
111cntal ROM conccpts. Other viewa are possible as 
¡S indicated by general iasues given in Section 
2.1.2. by different definit1ona. listed in Section 
2.2. and by tbe following specific issues: 

Can a relation schema bave associated witb it 
exactly one relation value or more· than one rela­
tion value? 

Are attribute names part of a relation value 
or not? 

Should application-i'r.dependent value seta • 
such as integers or strings •. be considered t.o be 
domains? 

ls it more appr~priate to model a relation 
valúe as a time vary~ng aet of tuple values or as a 
time varying relation predicate? (A relation 
predicate defines set membership.) 

The structuring mechanisma of a data wodel 
provide mt~ana t or. grouping ~lemcntary data it~s 
into compound data 1tems. A f ued numbt·r of a~om1c 
data items can be compoaed to form structured data 
obJects (such as tuplea or record&) and a variable 
number of data objec"ts can be gróuped into parti­
tions (such as relations or DBTG seta). In the 
RDH. tbe Partitions are def ined so· that: 

members of tbe aame partition have the same 
structure, i.e., ea eh member ~as, the same number 
of componente and correspond1ng componente of 
different members have comparable values, i.e., 
values of the same kind; 

- met:Jber s of the. same 
i.e. 1 a data object 
partition; and 

partition are distinct. 
can exist only on_ce in one 

- m.embers of different partitions may have con1par­
able component values (this provides the basis 
for-relating partitiona and for constructing new 
partitions tbrough operational means~. 

The operational mechanisms of a data modcl 
serve t~o purpoaes: first, to d~rive data from one 
or more partitions aod. sccond. to alter.&!!..!..! in a 
partition. In the RDM. the result of a dcrivation 
operation can be vieved as a partition. Dcrived 
data objects depend on the dcrivation operation in 
two ways: 

- their values fulfill a selection criterion pro­
vided by the derivation operation; and 

- their structure 
explicitlY or 
operation. 

consista of 
implicitly" 

componente denoted 
by the derivation 

As a result of an altering operation, the altered 
partition contains either more data objects, fewer 
data objects, or.. data obJects with diffcrent ·.com­
_ponent values. 

7. 

Constraint mechanisms of a data model can be 
uaed to def ~ne .and m.a1ntain time invariant proper­
tiea of partitiona that cannot be expreaaed 
directly~ by the structural and operational means. 
Conatrainta control the altering operationa to 
ma iota in data integr ity. Typically • RDM con­
~trbint~ are b~tied on the value ot data . objecte. 
Tl1a l'r~ue11C~ uf aom~ data obj~ctt can b~ ~ade 
lil·¡•t·nt1r.ul un 1-llfl pr ~Ut!IIC:r. 01 t~Lumt:.e uf uth~r data 
t•l•jt·~••· CtJilntr~int• can Ln aaaoclal~d vitt1 illdi­
vitlnnl aelAtitHIIII with collectiono of rehriona, 
tuul with trauBittona bctwr.eo databaee utatee. 

2.3.2 Relations and Tuplea 

In the RDM. partitions are called relationa. 
A relation has var.ious distinct properties. 

A relatiort vélue ia tbe set of valuea of tbe 
data objects t~are curreotly members of the 
relation. Derivation operationS refer to the rela­
tion value •. lt is the relation value that is 
changed by an altering operation. thus. a relation 
value is a time vary_ing property of a r~lation. 

A relation achema defines the time invariant 
propert1es. of a relation. Relation structure'ia 
one such property¡ a relation b&s the structure of 
a a~t of identically structured data objects. 

Addit"ional time invar.iant propertiea can be 
dcfined by rclation constraints. ·one clase of 
rclation constraints enforcea uniqueneaa of ·values 
of distinguishcd componente (keys) tbroughout the 
data objects of a relation. 

IExample l: Def1nition of a Relat10n and a Rela-1 
1 tion Schema; Display of a Relationl 
1 Value ·· .1 
1 1 

"ldefinition of a relation and a relation scbema: 1 
1 . 1 
!parta • relation. por : partnumbere. •· 1 
1 pname : partnames 1 
1 color : colortype ; 1 
1 weigbt : wei&btunits 1 
1 city. :. citynames 1 
1 gy <por> 1 
1 end ; 1 
1 1 
!display of a value of relation "parts" 1 
1 1 
1 pnr 1. pname 1 color .1 weight 1 city 1 
1 -------------c---------------------------1 
1 1 p1 1 nut 1 red 1 12 1 Vienna 11 
1 1 p2 1 bolt 1 green 1 17 1 Paris 11 
1 1 p3 1 •crew 1 blue 1 17 1 Rome 11 
1 1 p4 1 screw 1 red 1 14 1 Vienna 11 
1 1 pS 1 cam 1 blue 1 12 1 Paris 11 
1 1 p6 1 cog 1 red 1 19 1 Vienna' 11 
1 -----------------------------------------1 
1 1 
IRemark: 1 
1 1 
lthe key constraint defined for tbe relationl 
l"parts" requires uniqueness of pnr valuea. 1

1 

! _____________________________ __ 

Data objects in á relation are called tuples. 
Each tuple in á relation consiht& of tbe same 
number of co~ponents called attributes. 

The time invariant properties of a tuple are 
defined by ita tuple structuZ..e tbat associates' with 
cach· attribute an attribute name and a domain. 
Domains are seta of atomié valuea tbat are used to 
define, for each attribute. tbe legal attribute 
valUf'li. Domains are also used to define attribute 
compatibility and tbus tuple and relation 
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compatibqity~ Compatibili~y i1 required in 
derivation operations where attribUtes Of-~One_ttiple 
are compared witb attributes of another tuple. 
Compatibility is also required in altering opera­
tiene where attribute values are altered or tuple 
volucs are insertcd or removed. 

ll':xumole 1.: Definít1ona of Uaer Def1ned Domatnl!l T 
1 . 1 
1 partnumbc~s • !!.!l.!!& sú.. {51 cbar ; 1 
1 pe:rtnamea·• string .21 [20} f.hg ; 1 
1 colortype • (red, blue 1 yellow, green, black} ; 1 
1 weightunits- 0 •• 9999 r·25) 1 
1 citynames • string of char 1 
1 1 

The time varying properties of a tuple are 
given by its value. A tuple value is def ined by 
its attribute yalueÍ just as a relation value is 
given by 1.ts tup e values. While the number of 
tuple values tbat define a relation value may vary 
in time, the number of attribute values that define 
a tuple value ia fixed. Tuple valucs can be decom­
posed into attribute values¡ for that purpoae 
attribute values are defined as paira of attribute 
names and ·valueS. The values have to be elementa 
of the domain associated witb the attribute iden­
tifier by tbe tuple structure dcfinition. 

A· rel;tional database 'scbema is an extensioo 
of a relatioo scbema. lt defines tbe.time invari­
aot properties of a number of relationa that con­
stitute a relational database. 

A relational database schema dcfiries three 
properties: 

l. Database structure: the relations that consti­
tute tbe database; eacb relation specified by 
ita schema and relation ~· 

2. Database domaina: the domaios used for relation 
scbema def initio·n. 

~ •· Databa se constra iota: additional constraints 
can be def1ned. Wbile relation constraints 
refer tC' one relation only; database con­
straints may affect more tban one relation. 

.,--'-----...,...-------------....,. 
~ ~xample 3: Definition of a Relational Database 
1 - Schema 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

partnumbers • string of [5} char ; 
partnames m (tr1ng of f20] char ¡ 
colortype • red. blue, yellov, &reen 1 

weigbiunits • 0 •• 9999 · · 
citynames E string of {25} char ; 
suppliernumbers • string of-rsl char 
suppliernames a string of-r2o} char ; 
quantity • integer ; 
creditstatus a 0 •• 999 

busiuessdatabase • 
database parta e relation 

1 
1 
1 

black) ; 1 
1 
1 
1 
1 
1 
1 
1 
1 

por : partnumbers ; 
pname : partnames ; 
color : colortype ; 
weigbt : weightunits 
city : citynames 
ill ~pnr> 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

end ; 
.shipments a relation 

snr 
por 
qty 
ill 

suppliernurubers 
partnumbers 
quantity 

<sur .pn_r> 1 
1 
1 
1 
1 
1 
1 

.. 
11 · suppliers· • relation 

8 

1 

1 
1 
1 
1 
1 
1 

snr supplicrnumbere 
sname : euppliernamee 
·atatul : crcditstatua 
city : cityuamee 
ID <sD.r> . · 

1 ____________________________ _ 

2.3.3 Queries and Altering Operations 

Database opera~ions that derive relations are 
often cali'ed quer1es. Tbe result of a query ia 8 
relation. Tbia is tbe· basis for a u<;losure" pro­
perty of relational operations. A query definition 
has to provide tbe .following information: 

"l. the "source relations", i.e., 
whicb tuPle values · are 
transformed into the valuea 
tuples; 

. relations 
selected 
of tbe_ 

from ¡ 
to be t¡ ,, 
result 

. 2. the ''selection 
whicb source 
selected; and 

criterion 11
1 

tuples ·have 
i.e., a condition 
to fulfill to be 

3. the "target transform:atio.n", i.e. 1 ·rules tbat 
define how result ·tuple values are derived from ·'t 
selected tuple values. 

Conceptually, tbe procesa of query evaluation con­
sista of tbree steps: 

l. provide access to tuples of tbe source rera­
tions; 

2. evalu.ate the selection criterion for any tuple 
combination that can be formed according to 1); 
and · 

3. apply the target' transformation to any tuple 
combination that fulfills tbe selection cri­
terion, and Store tbe_ result in a tuple of tbe 
result relation. 

1 ' 
IExample !:. Tbe Three Steps of Query Evaluation 
1 
1 
IQuery: 
1 
1 

Name tbe parta tbat are manufactured 
Vienna and weigh leas than 17 units. 

IStep 1: provide access to tbe tuples of 
1 source relation 1 i.e. 1 

1 
l 11 parts ".re la tion 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

pnr 1 pname 

pl 1 
p2 1 
p3 1 
p4 1 
pS ·. 1 
p6 1 

nut 
bolt 
screw 
screw 
cam 
cog 

color 1 ~eigbt 1 city 

1 red 
1 green 

blue 
red 
blue 

1 
1 
1 

·1 red 

1 12 
1 17 
1 17 
1 14 
1 12 
1 19 

Vienna 
Pari& 
Rome 
Vienna 
Paris 
Vienna 

1 
1 
1 

inl 
1 
1 

thel 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 1 

IStep 

1 

2: evaluate tbe &election criterion, i.e., 
(city .. 11Vienoa") and (weight. < ¡7); 

1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

' ' . . ' ~ ------'--'-.>..-ow•"'•""_... ______________ , ___________ ~---~---· --·~- --·---·------·..........:.. ... ------~•--------_.:..·---·--' 
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·Gritet"ion is 
1 
1 pnr pname 1 color 1 weight '¡ éity 

1 
1 

1 
1 

\ true·· 

1
1 a lse 
false 

1 true 
1 false 
jtalae 

pi 
p2 
p3 
p4 
p5 
p6 

out 
bolt 
acrcw 

red 
green 
blue 
red 
blue 
red 

12 
17 
17 
14 
12 
19 

Vienna 
Paris 
Rome 
Vienna 
Paris 
Vienna 

11 

1 • 
1 
1 Step 3: 
1 . 

1 
1 
1 
1 
1 

~tcrew 

cam 
cog 

1 1 
1 1 
1 1 

1 
1 

apply tar&et tranaformAtion to qualifiedl 
tuples, i.e., choose pname values, and 
atore the result in tbe result relation; 

1 
1 
V 

IRe&ult 
lrelation: pnr 1 pname 1 color 1 weight 1, city 
1 ' -----------------------------------------
1 -> p1 nut 1 red 12 1· VienDB 1 
1 p2 bolt 1 green 17 1 Paria .1 
1 p3 screw 1 blue 17 1 Reme 1 
¡ -> p4 screw 1 red 14 1 Vienna 1 
1 1 p5 1 cam 1 blue 1 12 1 Paria 11 

·( : ~-~~--~-~~~---~-~~~---~-~:-----~-~~~~~-~~ 
1 derive 1 1 
1 result 1. tl..;.¡,i.iun 1 1 
1 V 1 
J. pname 1 
1 -------- 1 
1 1 nut 1 1 
1 1 screw 1 1 
1 --------- 1 
1 1 
l____ _ ___ 1 

In the ROM, the result. of a query cvaluation 
is always a relation. This fact is the basi& for 
what is called the "closure property" oí the rela­
tional operators. 

Dependent on the.specific approacb to rela­
cional query langua:ges, the functioualily required 
for querying a relacional database is provided by 
tlifferent sets of_ operators. 

The ·basic operations of tbe 
approacb can be characterized as 

relational algebra 
follows: 

l. Algebraic operators refer toa fixed number of 
relations; selection and projection are unary 
operators, i.e., they ~perate on one relation. 
Binary operators are union, intersection, 
differens~. ioin, and division and operate on 
two relations. 

2. Algebraic operator s apply s impl"e se 1 ect ion cr i­
teria: the selection operator applies a cri­
terion tbat tefers to constante and attribute 
values of individual tuples in one relation 
only.+ The join operator applies a selection 
criterion that refers to two attribute values 
of individual tuples in two relations. Tbe 
division operator tests seta of attribute 
vaiüesL.n two relations for set inclusion. 

3. Algebraic operators provide target lronsforma­
tions for tuple restructuring. Projection and 
divisioo opera"tors choose distinguished attri­
bute val~es to form derived relations. 

+This clase of selection criteria can be dcfined 
formally by the expressions of rhe proposicional 
logic. 

12 

9 

IExample 
1 

t 

1: A Select Operation in the ielational 
Algebra Notation 

1 
1 
1 1 

¡Query: 

1 

Derive data on suppliera 
located in Paria or have 
ent irom 20. 

tbat are either 1 
a status differ- 1 

1 
IQuery definition (in 
IITODD76I):· 

PRTV Relational Algebra 

1 suppliera 
1 
l"suppliera" 
lrelation : 
1 
1 
1 
1 
1 
1 
1 
1 

(city • "Paria" .Q.f. status ~ 20) 

anr 1 sname ·¡ status 1 city 

si 
s2 
s3 
s4 
s5 

Smitb 
Jones 
Blake 
Clark. 
Adama 

20 
10 
30 
20 
30 

Vienna 
Paria 
Paria 
Vienna 
Athens 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

IQuery evaluation: 
1 
1 
1 
1 
1 
1 
1 
1 

Seleét tu¡'>lea·. of tbe· 11 &up-l 
pliers" relatio"n tbat have.ei-1 
ther tbe value "Paria" in thel 
attribute "city" or a value 1 
different from 20 in tbe attri-1 
bute ''status''. Cop~ tbe entirel 
value of each qualified tuple,l 
i.e., all ita attribute values,l 
into tbe result relation~ 1 

1 
1 
IResult 
lrelation 
1 
1 
1 
1 
¡·aL'IIlarks: 
1 

snr 1 sname 1 s_tatus 1 city 

1 s2 
1 s3 
1 s5 

1 Jones 1 10 
1 Blake 1 :lO 
1 Adamo 1 30 

1 ·Par is 
1 Paria 
1 AtbenB 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

[The sclect· op~tator refers to only one relation,l 
le.g., "aupp_liera". Tbe selection criterionl 
lrefers only to tuple attributes and constante; itl 
lcont.'iins compariaon operators, sucb as •, <, >,1 
1~, ~. ;, and logical operatorst sucb as and, ~. 1 
lnoL Tbe relation "suppliera' is only read, not 1 

·¡artered. t 
1 1 

1 
IExample i: A Join Operation in tbe Relational 
1 
1 

Algebra Notation · 

IQuery: Derive data on tbe suppliers and on tbe 
1 sbipments from tbese suppliers. 
1 
IQuery definitioo (in PRTV Relational Algebra 
IITODD76]): 
1 suppliers * sbipments 
1 
l"suppliers" 
·lrelation 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

sor 1 sname·l status 1 city 

s1 
s2 
s3 
s4 
s5 

Smith 
Jones 
Blake 
Clark 
Adama 

20 
10 
30 
20 
30 

Vienna 
Paria 
Paria 
Vieima 
Athens 

-~---· -~';__. ·'-~' ~-.. -- -~----·--·-- ·---

··1 ··¡ 

:1 
.1 

1 

1 

i 
1 

i 
,, 
1> 1 

1 

1 



1 

·1 

( 
1 

i '·. ,. 
l 
l 

., 1 : ;; 
::1 
'. '· 1 ~t 
)· 

,) 
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i 

, ' 
¡ 
! 
i 

"abipmente" relation sor J por J qty 

1 
IQuery evaluation: 
J 
J 
J 

J 

J 
J 

J 
J 

. J 
IResult relation : 
J 

-------------
al pl J JOO J 
al p2 J 20Q J-
al pJ J 400 J. 
11 ·p4 J 200 J 
ol p5 J lOO J 
el pb J lOO J 
a2 pi· J JOO J 
•2 p2 J 400 J 
aJ p2 J 200 J 
a4 . p2 J 200 J 
•4 p4 J JOO J 
e4 p5 J 400 J 

-------------------
Select tuple ~aira from rela-1 
tions "suppllera" and 11ship-l 
menta" tbat have the same value 1 
in the sor attribute, i.e •• thel 
same supplier number. Copy thel 
value of tbe qualified tuplel 
paira into tbe result relationl 
(copy only one of the two 
identical &nr values). 

1 
sor sname 1 status city J por ( qty 

J 

J 
J 
J 

J 
J 
1 
J 
J 
J 

J 
J 
J 

el 
al 
•1 
el 
el 
el 
e2 
e2 
eJ 
e4 
e4 
e4 
•4 

--------------------------------------
Smitb 
Smitb 
Smitb 
Smitb 
Slliitb 
Smitb 
Jones 
Jones 
Blake 
Clark 
Clark 
Clark 
Clark 

20 
20 
20 
20 
20 
20 
10 
10 
JO 
20 
20 
20 
20 

J 

J 

J 
J 
J 
J 

vienna 
Vienna 
Vienna 
Vienna 
Vienna 
Vienna 

1 Paria 
J· Paria 
1 Par is 
1 Vienna 
1 Vienna 
1 Vienna 
1 Vienna 

pi 
p2 
pJ 
p4 
p5 
pb 
pi 
p2 
p2 
p2 
p2 
p4 
p5 

JOO 
200 
400 
200 
100 
100 
JOO 
400 
200 
200 
200 
JOO 
400 

J ---------------------------------------------
J 
J 
!Remar ka: 
J . . 
lln PRTV 1 attn.butes over whlcb .the join operationl 
lis formed are implicitly defined ~y tbe attributel 
lnames the joined relaLions bave 1n common. Iol 
lother languages 1 attribute~ to be compared mustl 
!be named explicitly; 1 

1 " . 11 • • 1 !The above example sbows an equ1- JOln opera-1 
ltion, i.e. 1 compares attribúte v~lue for equali-1 

lty. In some languages compar1son operationsl 
other tha~ ~quality. can ~e. applied. l 

J J 

J 
!Example 7: A Project Operation in the Relational 
1 - Algebra Notation 1 
J J 
IQuery: Derive the supplier names 1 
J J 
IQuery definition (in PRTV Relational Algebrá 1 
J[TODD76]): J 
J J 
1 suppliers % sname 1 
J J 
l"suppliers 11 1 
1 relation snr 1 &Dame 1 status 1 city 1 
J --------------------------------- J 
1 s 1 Smith 20 Vienna 1 
1 s2 Jones 10 Paria .JJ 
1 s3. Blake 30 Paria 
1 s4 Clark 20 Vienna 1 
J e5 Adame JO Athene ¡ 
J --------------------------------- J 

l J 

1l 

1 !O 

JQuery 
J 
J 
J 
J 
J 
J 
IKceult rclotioo 
J 
J 
J 

J 

J 
J 
J 

J 

!Remar ka: 
J 

tbe "aup­
relatloo~ select tbe 

attr1bute "aname •. i.e., the 
supplier'a name. CoEy tbe 
value of the attr ibUte 'snam.e" 
into the reiult relatioo. 

sname 

SmÚh 
Jones 
Blske 
Clark 
Adama 

lA relation may have mOre tban one 

··.' 

lsame value for a given set of (non-key) 
lbutes. However, the result of a project """''"-''" ,. 
ltion on those.attributeá.contaios a certaiU val 
lonly once. 

.In the -relational algebra approach, complei. 
queries are expres&ed by nesting simple queriea •:. 
Tbus. algebraic query laogliages rely heavily on tb; · 
closure property of ita operators. · 

·~ --~------------~--------~ J 

!Example -ª.: A Join/Select/Project- Operation in 
1 Relational Algebra Notation · 

tbeJ ".', 

J 
JQuery: 
J 

J 
J 
J 

1./t 
Derive tbe names of tbose. suppliera tbatl' .. ~{: 
shipped &ame part and elther are locatedl •:· 
in Paria or have a status different froml. · 
20. J. 

IQuery definition (in PRTV Relational Algebra 
J [TODD76]): 

J 
J 

', ¡· J . 

lsuppliers * shipments : (city • "Paris" 
1 · .Q!. status 1- 20) % sname 
l"suppliers" 
lielation 
J 
J 

J 

J 
J 
J 

1 
l"sbipments" 
J 

J 

1 
J 
J 

J 

J 
J 

J 

J 
J 
J 
J 

J 

sor 1 sname 1 status 1 city 
---------------------------------

el 
e2 
eJ . 
a4 
•5 

1 Smith 
1 Jones 
J Bleke 
J Clark 
J· Adanis 

20 
10 
JO 
20 
JO 

J 

J 

J 
J 

J 

Vienna 1 
París 1 
Paria 1 
Vienna ·¡ 
Athens 1 

---------------------------------
1 : 

l relation : sor 1 pnr 1 qty 

J sl J pi J JOO J 
J ol J p2 J 200 J 
J el J pJ· · J 400 J 
Ja1Jp4J200 J 
J el J p5 J 100 J 
J sl l. p6 1 100 J 
J e2 J pl J 300 J 

l :~ 1 ~~ 1 ~~~ 1 
J e4 . J p2 J 200 J 
J e4 J p4 J JOO J 
J s4 J p5 J 400 J . 
------------------- 1 :, 

IQuery evaluntion: Select tuple pairs from re~a-1 
tions ''suppliers 11 and ''sb1p-l 
mente" tbat have the same valuel 
in the attribute "sor" and bavel 
eitber tbe value "Parí&" in thel 
attribute . "city 11 or a val1;1el 
different from 20 in the attrl-1 
bute "status". Copv the valuel 
of the attribute ''sname 11 

• ofl 
eacb qualified tuple into tbel 
result-relation. ~ 

J 
J 
J 

J 
J 
J 
J 

J 

J 
J 

J 

r' 1 
. ·~ l 

<19:;;:::.JU.'t::±WS ;;::¡¡& ... tw.ooa 
~-------- ----~--:...__.--~-~--·------:_--·----·-" ___ . --' --"· ·--------
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. 

IReault 
1 
1 
1 
1 
1 

1 Jonea 1· 
1 Blake 1 

1_.:_ __ 

Query lanKuate• baaed on tbe relational cal~ 
culos support the dcfinition of com¡.¡lex queries by 
~ssiona. Tbe baaic expression of the tuplc 
rclational calculua· approach can be characterized 
·as f ollows: 

1 

1. Calculua expresaions may refer to any numbcr of 
source relationa. 

2. Calculus expressions may apply complex selec­
tion criteria thst refer to constante, to 
tuples in source or any other relations. 
References to tuples .are established through 
so-called tuple variables.· free variables for 
the tuple to be selected. bound var1ables for 
the tuplea that form the aelection criterion.+ 

3. Calcul"'s expressions may ¡)rovide transform.a­
tions. to choose distinguished attribute values 
from the selected tuples or to. apply standard 
c~m~utations sucb as average, maximum, or 
m1n1mum. 

1 1 
IExample 2_: A Join/Select/Project · Operation in/ 
1 th"e Tuple Rclational Calculus Nota-/ 
1 tion 1 
1 1 
IQuery: Derive the names of those suppliers tb"at 1 
1 shipped some part and are either locatedl 
1 in Paria or have a atatus diffcrent from/ 
1 20. 1 
1 .( 
IQucry definition (in PASCAL/R Relational 1 
(Calculus (SCUM77]): 
1 
Jl<s.sname> of each s· in suppliers ; 1 
1 ((s.city--;-"Parit> 11

) .2!:. (s.status ;. 20)) 1 
1 and ~ sp in shipmen·ta (s. snr "" sp. sor) J 1 
1 1 
/"suppliers 11 and "shipments" relation: see Ex. 8 1 
1 1 
\Query evaluation: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
IResult relation 
1 
1 
1 
1 
1 
IRemar·ks: 
1 

Select tuples of the "sup-1 
pliers'' relations that have thel 
same value in the attributel 
"sor" as some tuple in the 1 
"shipments" relation and have\ 
either tbe value "Paris" in thel 
attribute 11city 11 or a value 1 
different from 20 in the attri-1 
bu te "status". Copy: the va lue 1 
of the attribute "sname" of 1 
each qualified tuple into thel 
result relation. 1 

sname 

1 Jones 1 
1 Blake 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

ITbe meaning 
lposed to be 
1 

aud result of example query 9 is sup-1 
identical to that of example query 8.1 

+This class of selection critcria can be defined 
formally by the expressions of tbe first-order 
predicate logic. 

1 

i 

\( 11 

- ·-·-·- ·--··-·----.-

In the domain relational calculus. a quer1. 
requests a aet of tuples of values from "target 1 

database domains. Ooly those tuples of values 
._.hicb satisfy 8 "eelection criterioo" are selected. 
Tbia criterion ie a property expreased in terma of 
valuel and additioual simpler propertiea. In the 
domain calculua, relationa ·exprese propertiee of 
valuea. 

Conceptually. the procesa of quer~ evaluation 
in the domaio relational calculua cons1ete of three 
steps: 

l. acceBa the clemente of the source or target 
"duUUlina; 

2. evaluate the ·selection criterion for any tuple 
of values that can be formed by takin~ ene 
value from each target domain. Relations (more 
precisely, relational predicates) are accessed 
during thst procese. References are expressed 
througb so-called domain variables, .wbicb range 
on database domains or on relatiOn columna 
(i.e., single-attribute projectiona); 

3. add eacb tuple of values tbat fulfills the 
selection criterion to tbe tesult relation. 

1 
IExample 
1 

!Q.:· A Join/Select/Project Oper·ation in 
tbe ·noma in Relational Calculus 

1 
1 
1 

1 
IQuery: 
1 

. 1 
Derive tbe names of those suppliers thatl 
shipped some part and are eitber locatedl 
in Paria or bave a status different froml 1 

1 
1 
IQu<:ry 
1 

.Hao: 

1 
1 

20. 1 

definition (in DRC (LACR77b]): 

+ s : suppliers (sname : sn. sor : s) 
snd (suppliers ~snr : a. city ; "Paria") 

or suppliers (snr : s, status : ; 20)) 
and~ part : shipments (por : part, snr t 

1 
1 
1 
1 

1 

/Note that "sn'\ 11 s 11
1 

!variables. 
and "part 11 are doma in 

•>¡ 
1 
1 

1 
IQuery evaluation: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l. 
1 
1 
1 
1 
1 
IResult rel~tion 
1 
1 
1 
1 
1 
IRemarks :· 

1 
Considet- in· turn the values of 1 
the "sname"· at"tribl:.te of rela-1 
tion "suppliers". Keep as sol 
element of tbe result eacbl 
value vbicb occurs in relatiool 
''suppliers'' vith a supplierl 
number 11

8
11

1 that occurs in 1 
"suppliers" eithei witb 11Paris 11 1 
as .a value of tbe ·''city'' attri-1 
bute or vitb a vslue"differentl 
from 20 as a value of tbel 
''status'' attribute, and that·l 
occurs in ··relation "shipments"l 
vith some part numbet "part 11 a si 
the value of. tbe "por" attri-/ 
bu te. 1 

. 1 

&name 

1 Jones 1 
1 Blake 1 

1 
1 
1 
1 
1 
1 
1 

1 
(The 

-la re 
1 

meaning and result of examples 8, 9, 
the same. 

1 
and 101 

• 1 
1. __ _ 

1 
1 

; • ,j 

·j:l ,, 

'i . ' 

:¡ 

1 
1 

1 

--·- -------- . . ., . . 1 
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Sinc'e the-e'vatUati"oD Of' a·-·r·elation~ll ·c'alcU:i~.­
~xpresaion resUlta in a relation, calculu1 exprea­
aioDd·may be nested. The neating atructure of cal­
culua expressiona ia that of the predi-cate-ocal­
culua; it ia the neating of ranges of bound vari­
ables in the uelection critcrion. Ncatiug of 
qu~riea' ia llCCc~sary in the alg~b~aic approach,. to 
t!Xi'rt~ua more. complex querÍP.s. Nt!BLÍDK in the algt.•­
bra ía more ubvioua than in Lhe calculua aince it 
ia op~rationa thnt are ncuit~d nut variabl~ rangca· 
ae in th~ calculua. 

Relational algebra, tuple relational calculue 
and domain relational calculua ruark three poatttona 
in the apectrum of relational query lanKuages. 
H.aoy query languages deaígned to improve language 
usability have characteristica of au· three 
approaches. 

1 
1 Example !!_: 
1 

A Join/Select/Proj~ct Operation in al 
notation that combines algebra andl 
calculus features 1 1 

1 
IQuery: 
1 ' 

1 
1 
1 
IQuery 
1 

1 
Derive tbe names of tbose suppliera' tbatl 
ahipped some part and either are locatedl 
in Paria or have a etatu6 different from/ 
20. 1 

1 
definition (in SQL ICHAM76bl): 

1 
1 select soame 

'
~m suppliers 

--.,..here (city • 11Paris" or status 
and sor .in. ( aelect snr-

f 20) 

1 
1 

1 
1 from shipments) 1 

1 1 
l"suppliers" and ·"ahipments" relation: see Ex. 8 

1 1 
1 1 
IQ~cry evaluatión: Select tuples of tbe "sup-1 

pliera"' relation ~hose valuesl 
in the attribute "sor" are in/ 
the· set of 11snr 11 values of thel 
"shipmente" relation and bavel 
eitber tbe value 11Paris 11 in thel 
attribute "city" or a value 1 
different from 20 in tbe attri-1 
bute ''status''. Copy tbe valuel 
of tbe attribute ''sname'' ofl 
each qualified tuple into the/ 
result relation. 1 

1 
1 
1 

1 

1 
lRc~ült relatioo 
1 
1 
1 
1 
1 
/Remar ka:· 
1 

sname 

1 Jones 1 
1 Blake 1 

!The meaning and re.ault of example query 
/identical to that of example queries 8, 
110. ' 
1 
1 

1 
1 
1 
1 
1 
1 
1' 
1 
1 

11 iol 
9 • and 1 

1 
1 
1 

In order to alter tbe value of a relation, ita 
uame and ita new--vslue have to be providedw In 
principie, a· single altering operator tbat ssaigns 
th~ new value to the named relation would eufficew 
Ther.e are, however, notational and implementational 
advantages in distinguishing three altering opera­
tora. 

1. The insert operator altera a relation value by 
~nserting new tuples into the relation. An 
1nsert operat1on has to provide the name of the 
relation and the values for the new tuple. 

12 

·1 '•' .. 
Íf. :;;ne. ~} ~b:·.;~lational <onotrainta ar~ 

violate·d, · tbe -'•'tiev re1'8tion value i1 equa_l to 
the v8l'ue def ined ·by · tb'e ·un ion of the ola 
tuplea·· and 'the név ·tupie valuee. 

. ~. 

2. Tl1~ deletc operator: altere a relation value 
. dldé~tupl'ee;· ··A · delete opt•rator haa 

idt:ntiíy the relatioo"to' be olterrd und 
tuplee to be dl'letf!d.- · 

by ~ 
to 

tbe 

lf none of the relational conet~aint1 are 
violated, tbe nev · relatioo value 18 equal to 
tbe set differénce of the ·old · tuple valuea aod 
the. new tup.le values •. 

Since the tuplea to be deleted 
asrily. elementa of tbe relation to 
the query mecbanisma can be used 
themw 

are necea­
be altered 
to eeleci. 

3. The replace operator altera a relation value by 
replacing tbe value of diatinguiehed tuplea. A 
replacement operation must name tbe relation to 
be altered, identi~y tbe tuples tbat will &et 
ne.,.. values, and provLde nev values for tbese ~ 
tuples. ·Tbe effect of a replacement operation ~ 
can aleo be achieved by a combination of delete ~ 
and inaert operations. . ~ 

~----------~------~----~--~ 1'" 
1 Exampl e ll_~ An Insert Operation 1 '. 
1 ·~ 
IOperatioo: ·Insert tuples vitb the values 1 f 

<a7, Creen, 7.5, Zurich>, 1 1 
1 <a3, Smith, 15,· Paria>, 1 ~~ 
1 <a6, Maier, 1, Yienna>, 1 J 
1 

<a8, Bro1a1n, 13, 1982, .Toronto> 1 fe 
into "suppliera 11 relation. ·~-

1 1 ' 
llnaert statement (in PASCAL/R [SCHM77}): 1 
1 1 
1 suppliers :+ [<s7, Creen, 7.5, Zuricb>, 1 
1 <s3, Smith, 15, Paria>, 1~ ~ 
1 <a6, Haier, 1, Vunna>, 1 
J <s8, Brown, 13, 1982, Toronto>]l .--

1 1 
l''suppliers'' 1 
1 relation snr 1 soame 1 status 1 cify •: 1 
1 , ___ ,_,_,_,. __ ,_,,_ .. ,,_,, 1 

1 sl 1 'Smith 20 Vienna 1 
l(before s2 1 Jonea 10 Patis 1 
IOperation) s3 1 Blake 30 Paris 1 
1 a4 1 Clark 20 Vienna 1 ·; 
1 oS 1 Adamo. 30 Atheno 1 
1 ---·-·---... - .. - .... -_ .. _,_,_ .. , 1 
1 1 
/Insert operation: new tuples with the abovel 
1 values are suppoeed to be in-1 
1 serted into the relatLon "sup-1 
1 pliers. 11 The RDBMS has to make/ 
1 sure that none of the structur-1 
1 al or integrity rules definedl 
1 for the relation· ''suppliers''l 
1 are violated by the insertl 
1 operation. · 1 
1 . 1 
l''suppliers'' 1 
lrelation snr 1 sname 1 status 1 city 1 
1 --·--·----···-·-·--·--······--·-· 1 
1 el Smitb 1 20 Vienna 1 
1 (after) s2 Jones 1 10 Paria 1 
/operation) s3 Blake 1 30 Paris 1 
1 s4 Clark _1 20 Vienna 1 
1 aS Adama 1 30 Athens 1 
1 s6 haier 1 1 Vienn4 1 1 ____ ,,_,_,,_,_, ___ , __ .. __ , 1 

1 1 
IRemarks: 1 
1 1 
JThree out of the four tuple values to be insertedj 
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'1 

"1v1olate atructural,. domain, or integrity con-1 
¡strainta dcfined for tbe relation "auppliera'':l 
!tuple value <s7, Creen, 7.5; Zuricb> has &tatua! 
¡~alue 7.5 whicb i& not an integer (domain viola-! 
ltion). Tuple value <a3, Smitb, 15, Paria> ha1l 
¡~ey. value al which ia already present in the·r~ 
llation "suppliera" (key violation). Tuple valuel 
¡<s8, Brown, 13, 1982, Toronto> has five attri-·1 
jbutea inatead of four as defined for relationl 
~ "suppli~ra" (atructure violation) ~ 1 
ITbere are different waya of handling o~erational­
lthAt would violate a structural or 1ntegrityl 
lrule. Dependiog on ita nature, a violation can! 
jbe detected at parsing time (e.g., tbe violational 
jcaused by the tuplea witb key valuea s7 and s8)1 
¡0 r at ex.ecution time (e.g., the ~iolation causedl 
!by the tupl~ with ker. value s3). Execution time! 
¡~iolationa may be 'resolvt:d 11 by, e.g., proKraml 
¡8 bortion, trigger invocation, or by eliminatingl 
lthe tuple values that cause the violstion (as inl 
\ the example above). 1 
1 __ l 

~-~------~---~:..-· -·--

13 . 



'i 

1 

\ 
1 

' 
' ; 
' 

~~~~~~~~~~-~·-?·-~-~-=-~~~~-~~~~ 
ANALYSIS OF B.~TlONAi.. SYSTEMS l. The aualyaea were required .·to decide vbetber a ¡,·! .. ·1 

i 
! 
1 
¡ 
l 
! 
i 
\ 

1. 
1 

' 

lo arder to "ideotify or establish. 'üapé"Cta of · 
che RDH and RDBMSa that· might be .oppropriate for 

•.andar da development 11
1 the B.TG dcveloped a 

esture Catalogue" .of Relational Concept& 1 

... anguagea. and - Systems". Tbe catalogue vas 
intcnded aa an abatract (implementation indepen­
dent) characterization of RDH and RDBMS conce~ta. 
lt vas u sed aa a common baais for a deta1l ed 
feature ana"tysis of a nilmber of exiating DBHSa that 
were claimed to support aapects of the RDH. DUe to 
limited reaourcea., only a few DBHSs could be exam­
ined. 

The objective of thia cbapter ia to identify 
potential features of a relational standard. Tbe 
feature analysea of 12 DBHSa .were ·u&ed to prepare 
tbia cbapter .• (l) Differeot interpretationa of tbe 
base documents(2) made it necessary in some cases 
to go back to the originatora of tbe feature 
analysia. Their answera were not alwaya r·eflected 
in the original feature analysia. Furthermore, 
this also led to aome ·inevitable overlap between 
tbe different sections of tbia chapter. 

Tbe structure of tbia cbapter follows closely 
tbat of the. feature catalogue •. Featurea from eacb 
section of the catalogue are summarized in tabular 
form. 

3.1 De·.-elopment of tbe Feature Catalogue 

A feature catalogUe(2) waa developed to guide 
the · aualysea of 'selected relational databa se 
management systems. Tbe purpose of using a feature 

\t&logue waa to ensure tbat all syatema were 
l&cribed in the same formal and tbat all features 

of interest to tbe RTG were considered in the ana-
lyses. 

The object of the analYses was to get insigbt 
into: 

L RDM: 

a. essential or cor~ concepts, and 

b. additional concepts or extensions. 

2. Systems.issu~s concerning tbe support 
of the RMD: 

and 

a. aspects closely tied to the model, sucb 
tbe design of interfaces, and 

use 

•• 
b. general system features, e.g., locking, 

concurrency, security, access control. 

Nonrelational features were included in the feature 
catalogue for two reasons: 

{1) These analyses will be published in Brodie, 
H.L., and Schmi.dt, J.W. (Eds.), "Rel.ational Data­
base Management Systems: Analysis and Comparis­
ons," Springer-Verlag, Heidelberg/New York, in 
presa. 

) "RTG 80-81 Feature Catalogue of Relational 
..Jncepts, Languages, and Systems" and "RTG 80-90 

Notes on Completing an RTG ~eature Analysis. 11 

particular· common DBM.S feature wae related to 
tbe RDH or not. One Objective of performing 

17 the analyaea was to determine vbat DBMS 
featurea vere depen'dent .on tbe RDH. 
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2. One reason for supporting the developmerit of a 
relational standard ia·tbe task group'a finding 
that thcre are a significant number of com­
plete, useable DBHSs supporting aspects of the 
RDH. If tbe only implementations of tbe RDHs 
were research vebicles tben a standard migbt be 
premature. Therefore it waa important to 
determine tbe full capabilities of the systems 
being analyzed. 

Tbe intent of the task group Vas to categorize 
the features on the basis of tbe analysea according 
to the f.ollowing taxonomy [ARTH80 J: 

l. Feature·a that appear in every system which are 
claimed to be relational. 

2. Features that do not .appear in every syatem but 
are rapidly being added to many systems. 

3. Fea tu res 
not yet 
researcb 

that are felt to be important but do 
appear except ·in tbe literature or. in 

systems. 

4. Features that have been in 
some time but do not appear 
other systems. 

some systems for 
to be spr~ading to 

5. Features tbat distinguish· the 
approacb from other approacbes. 

relational 

Features in categorie"s 1 -and 2 ·would form the 
basis for a standard, while items from categories 3 
and 4 could be used as a basis for future develop­
ments. Features in Section 5 would be used tó 
exclude nonrelational systems. 

As weil as· supporting a stan.dard, the analyses 
based. on the feature catalogue are expected to be 
useful in the followiDg ways: 

l •. To relate specific knoWledge of the atate of 
~~e art t~ researcb and development resulta. 

2. To'demollatrate the amount 8nd nature of work in 
i~plementations, applications, and literatur~. 

'J. To determine to what extent RDM concepto 
constrained by implementation concerns. 

are 

The feature catalogue on whicb the analyses 
are based is tbe third version developed by tbe 
RTG. Tbe initial version was based on the General­
ized DBHS Survey :completed by tbe CODASYL System 
~ommitte~ in 1969. This version vas tested·by ask­
Lng members to analyze selected systems. The cata­
logue was found to be incomplete because · some 
hierarchical DBMSs could · be described as 11rela­
tional11 following the c8ulogue. A second version 
of the catalogue placed more weight on purely rela­
tional features, but was too detailed for our por­
poses and aomewbat repetitive. In tbe third ver­
sien of the feature catalogue this problem is not 
completely solved. However, the overall organiza­
tion of information is clear Bnd easy to follow. 

Tbe relative importance of relational con­
cepts, langusges, and systems is reflected in the 
structure of the catalogue. Firat, RDH concepts 
are co~sidered, followed by associated functional 
capsbilities aud ending with DBMS features •. Within 
the functional capabilities, query and manipulation 

---·-~---------·----------· --
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are cOnsidered before definition, Krneration, and 
adminiatratiOn. This ordering indicatee tbe dia­
tinction betveen RDM concepta and IDBMS features in 
r~sponae· to tbe ITG cbarter. 

Thc following systems were analyzed uSing tbe 1 f~ 
final feature catalogue: 

IOH (Britton-Lee) 
lNGRES (University of 
IPIP (Boeing Computer 

MRDS (Honeywell) 

California, Berkeley) 
Services) -- incomplete 

feature analyaia 

HRS (Univcrsity of Toronto) 
"NOHAD (National CSS, loe.) 
ORACLE (Relational Software lncorporated) 
PASCAL-R (Hrunburg University) 
PRTV (IBH, United Kingdom) 
QBE (IBH, Thomas J. Wataon) 
RAPID (Statistics Canada) 
RAPPORT (LOGICA, United Kingdom) 
SYSTEM R (IBH San Jose) 

3.2 Database Constituents 

3.2.1. Definitions 

Analysis of the Feature Catalogue indicated 
that the following seven constituents appeared in a 
majority of the sys_tems evaluated: 

l. Database. The relational database is a 
tion of relations. Depending on tbe 
relations can be base relations, views, 
SJ!apabots. 

collec­
system, 
and/or 

2. Relation. 
menta Óf 
presented 
columna. 

A relation 
tbe same 

to the user 

is a set of relation ele­
type. A" rclation may be 
as a table of rows aod 

3, Tuple.· A relation clcment is called -a tuple. 
A tuple is a row in the tabular ~rcscnto.tion of 
a relation. 

A Attribute. The attributes of a tuple are 
·defined by tbe tuple type. The legal values of 
an attribute are cbosen from a specific set of 
values, called domains. 

5. User defined domain. The set of values over 
which an attribute can range is called a 
domain. A user defined domain allowS the user 
to describe specific domains, such as the 
domain COLOR where COLOR can be red, yellow, 
blue • or green •. 

6. View. A view is a relation derived from exist­
ing relations. , After its de'claratl.on, modifi­
cations to ita defining relations are reflected 
in the view, according to its definition. 

7. Snapshot~ A snapshot is a relation derived 
from ex1sting relations. After ita declara­
tion, it is independent of ita defining rela­
tions and doca not reflect updates made to 1ts 
defining relationS. 

The following conccpts were listed aa constituents 
for systems that were analyzed. 

8. Transaction/Lock. A transaction/lock is a set 
oí queries to be executed without interference 
from any other qu.ery~ A lock is normally an 
interactive command, while a tran6action is 
usually batch. In some systems, however, a 
transaction can be issued in eithcr batch or 
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iñteractive mode. 

9. Trigger. A trigger ia a 1et of user specified 
~ommands tbat are executed automatically after 

.a specific aituation has occurred in tbe data­
base. For example, modification of a specific 
relation may cause a trigger to be activated. 

lO. Authority/Asaertion. Autbority and asserti 1 

allow control_privilege• over a r_elation. 

11. Relational Diúionary. A data dictionary whicb 
ia presented to the user in relational form and 
can be queried uainK relational operatora; 

12. Relation Logging. A uaer can· request that 8 
log be maintained of all atomic changes to a 
sp~cified relatioo. 

13. Workspace. A workapace is 
relation can· be manipulated 
affecting the database. 

an ares where a 
and chañged without 

14. lmage. An image defines tbe output picture for 
tbe data. 

15. lndex. An index is an access mechanism tbat 
Can be defined for faster access. 

16. Macro. A macro is a aet of queriea defioed by 
a name. Wben tbe name· is issued, the macro ia 
automatically executed. 

3.2.2 Resulta 

The resulta are displayed in Table 3.1. 

3.2.3 Observations on Database Constitucnta 

The. twelve festure onslyses indico te unifol 
ruity in the following database constituents: data­
base, rel.ntion, tuple, and . atúibute. · Snspsbots 
and views, while not supported by all of tbe ·ays­
~L~s. are well represented witb 9 systems support­
lng snapshots and 8 systems supporting views. 
PASCAL/R supports snapshota as a temporary relation 
~nly. Tbe user. defined doma in was supported by 
only half. of tbe system.s; Under tbe beading of 
other· database constituents it was found that the 
transaction, relational dictionary, aod macro were 
the most prevalent. · 

3.3 Functional .Capabilities 

Tbirty two features of the functional capabil­
ities of an RDBHS were considered. Tbey involved 
qualification, ·retrieval and presentation, altera­
tion, and additional operations. Table 3.2 charac­
terizes these featurea for tbe 12 DBMSs and 
presenta a summary. 

3.4 Schema Definition 

3.4.1 Descriptions 

Schema dcfinition featurea of a aystem can 
put into 11· categories~ A description of each fo .. 
lows: 

., 
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TABLE 3.1 DATABASE CONSTlTUENTS (continued) 

PASCAL/R PRTV RAPPORT SYSTEH R OBE IRAPID 
1 • Databa se Yeo Yeo Yeo Yeo Yeo 1 Yeo 

2. Relat1.on Y e o Yeo Y e o Y e o Yeo Yeo 
3. View No Yeo No Yeo No Yeo 

4 Snaosbot Y e o Yeo No Yeo Y e o No 
5. Tuple l Yeo 

1 
Yeo 

1 
Yeo Yeo Y ea Y ea 

6. Attribute 1 Y e' a 1 Y ea Y ea Y e o Y e o Y ea 
7. Doma1.n \uaer def ined) 1 Y ea 1 Y ea 1 No No Y ea Y e o 

8. Other 
IDictionary !Macro ITranoaction,ITransaction,l Autbority, 1 · 1 
1 1 llndex IDiction.ary. llmage,lndex 1 1 
1 1 1 1 ITraoGaction,l 1 

Dictionar 

TABLE 3.1 DATABAS E CONSTlTUENTS SU liMAR Y 

Database ISupported by 12 Systems 

Relation 
View 

S na sbot 
Tuple 

Attribute 
User Defió.ed 

1. Define Database. An ·explicit command allows a 
user to define an entire database. Defining 
one or more relations is not considered to be 
an explicit command for defining an entire 
data base. 

2. Generate Database. An explicit 
for populating a database. 
this, tbe generation facility 
from tbe database and iota tbe 
a fast load/unload facility. 

coOllll<iod exista 
In addition to 
can dump data 
database 1 i.e.,. 

3. Destroy Data base. An explicit command 'exista 
tbat will destroy an eotire database. Destroy­
ing one relation at a time is not considered to 
be an explicit command to destroy a database. 

4. Define Relation. An explicit command defines a 
relation. 

5. Destroy Relation. An explicit command destroys 
a relation. 

Suooorted bv 12 Svstems 
Supported· by 8 Systems 

Supoorted bv 9 Svstems 
Supported by 12 Systems 

Supoorted bv 12 Svstems 
Doma in! Su PP orted b y 5 S y stems 
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6. Reorganize Relation. An exp_licit command reor­
Kanizes a relation. 

7. Define Snapshot. An explicit command defines a 
snapshot. 

8. Define View. 
view. 

An expl icit command defines • 

9. Drop Attribute. An explicit command causes an 
attribute to be deleted from a relation if the 
original relation still exista. A projection 
command· that chooses 811 but tbe unwanted 
attribute (and forma tb'is into a relation) is 

·'not considered to be an explicit command to 
d~lete 80 attribute. 

10. Add Attribute. An explicit command will add 
an 8ttribute· to a relation. A join command 
that forma another relation (whicb 1ncludes all 
attributes of the original . relation and an 
additional attribute) is not considered to be 
an explicit command to add 8D attribute. 

-------------------------------~-----
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1 TABLE 3,2 
1 ·--;1· ~ 20 IDM 1 INGRES 

l. 
¡;;~dn~;· 

tuple Du~~.~~~~·~· 1 ¡llcatea 
removed 

undl!r uaer 
<l'<IUCBt roowest 

2. Ncstin~ Fully ¡.-;,-nr 

3 1Fu llv cloacd 1 Fu ll v el o sed 
4. Set memberablp operator No No 

l 5. !~;~~;~·~•v•B 
Á· 

1 ~- eou~~itvl No No 

&. Group by ve••••v• Y es Y ea 

7 Y es Y ea 
H, Stnng operatoro Y e o No 

9. o~ratou Y es No 
10 •••• , quantifier :~~:icü lmpl ied 

operation 

11 oaJ t1er_ lmplled 
!2 Boolean eXpreaSlODB Y es Y es 

13 ~!~y ¡stand alone s!:~\~!-~ne 
14 Self-joln capability Fui~ Full 

5. Eoüi-}oln cap•bllity Full Ful 
lb Natural JOln capablllty Full Full 

17 Pro· . 11ty 1mólicit 
18 Sort llty Expliclt No -

19 Insert Exolicit 
20, De!ete Explicit Explicit 

21 ., Explicit 

u, upaate over more NO res 
than one relat1.on . 

23 Commit/undo Exolici 
24. T: •oo· No No 

25 • !te functions Y es Y es 
2& ¡ ined tune llons No No 

27 Librarv funct ions No Y es 
28, User~dd ined error 

1 condltl.ons 1 Y ea 1 Y ea 

1 
(exit capabilities) 

1 
· l 29. _ :~~at .~f.!chema 1 Relstiona1 Kelationsl 

30 .. ~!~~em p~~t Y es No 
available 

31 Renort No Y es 
1 32 •lly complete ~~~,~r~~~> res ~~el~~ 

1 -

11. Rename Attribuie. An explicit commaod vill 
rename an attribute. A command vhich allovs a 
synonym for an attribute name is not considered 
to be a collliiilind whicb renames an attribute. 
The original name of the attribute must not 
exist. after this command ,is issued. 

12. Define Tuple •. Ao explicit command defin,~s a 
tuple. · 

Other schema definitions listed for the systems 
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------~---·--··-·-··------"- ---~-- ---------------------

..... 

1 MRDS 1 MRS NOMAD 

Du~~-~cates Du ,¡ ;ca<•• Duplica tes Duplic~t~o 
removed never· r 

jund~r u•er un~=~ueot removed 1 und;~oueot reoueot 
Yully Reatr icted lcted Fully 

Reatr icted IFullv clooed IFullv clooed 
No Y ea Y ea 

Y ea Nó No No 

No LCted Y es Y ea 

Y es No Y ea Y es 
Y ea No Yeo No 

No No No Y ea 
lmplied lmplied l"!plied Implied 

1 
lmpllod lmplied 1 

Y es Y ea Y ea Y ea . ! 
Stand a!one Stand alone 

Fu!l None Full Full 

Fui Full Fu 11 Restricted 
Full t'u!l Fu!l Restncted 

lmolicit 1molicit 1molicit lmolicit 
No No Explicit Explicit 

Exolicit Exolicit Exolicit Exolicit 
Restricted .. EXpllClt · ExpllClt 

l ~:;~~t~:~d Exp1icit ExpllClt Expll<lt 

No No 

No 
i 

No · Iea . No 

Y es Y es 
. Yes : No Y es No 

Y es Y ea 
1 

No No Y es No 

Uther Uther Other Re~ .. ~u..,¡l. 

No No Y es No 

)!o_ Y ea_ Y es 

~~~-~i~~~) No 
1. 

·include displaying and modifying a directory, 
specifyin·g backup, defining a secondary iudex, 
checking a domain, grouping a set o·f relations, 
encoding and decoding data, and opening and closing 
a relation. · '· 

3.4 .2 Resulta 

The resulta are displayed in Table 3.3. 
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,j 
• 

. } 

1 
handling 

1 
alwaye 

1 
alwaye 

removed removed 

í •• Neat1ng Fully Fully 

13. Closure Full e los d Full e los d 
!4. Set · memberebip · operator Y es No 

15. Set operatora 1 1 
(union. interaect, Y ea Y es 
differeoce eaualitv) 

b. Group by opera tor No Yeo 

7. Arithme1 ic o era 8 y • y 8 
8. String operatora Ye8 Ye8 

9 Tranaaction OP~tato~~ No No 
10. Existential qu8nt1f1er Expllca lmphed 

operation 
1 

11. Universal quantifier Explicit 
overation 

Implied 

12. Boolean expreesions Y es 
1 

Y es 

13. Query language Stand alone Stand alone 
environment and host 

p4. Self-join capability Full 1 Full 

115. Equi-ipin c~~bilitv Full Full 
! 16. Natural join capability Full Full 
1 
111. ProJect_lOD capab1l1ty Explica Expl1~1t 

18. Sort capability Restricted No 

~~ Insert Exolicit lmolicit 
20. Delete Explica 

i 
lmplicit 

L1. Modif Exoliclt 1 lmplicit 
122. Update over more 

than one relation 
1 No 1 No 

1 1 1 
23, Commit undo 1 No 1 . No 

!24. Triggers 
1 

No 1 No 
1 1 
25. ARRreRate functions No Y es 

:26. User-defJ.:ned functions Y es Y es 

2 L1brar_y_ funct1ons No Y es 
128. U ser-def ined .error 

condltJ.:ons No No 
(exit capabilities) 

Relational Other 

oever 
1 

removed 1 not 1 removed 1 
removed under uaer 1 allowed 1 under user 1 

r~gueat 

1 1 
regu~ai: 1 

Non e FuÜy Fully Reatd.cted ¡ 
_!lo_ Fully_ clos_ed Fullv closed Fullv c1osedl 
Yeo Ye8 No -+ 1 1 
No Union- Y es Y es 

OUPPOrted 1 1 -+ tteatrlCted Y es ! Ye8 1 No 

Ye8 Y es Ye8 No 
No No No No 

Y es Y es No Y es 
lmplled Imphed lmpl1ed lmphed 

1 1 
1 

1 
,. 

lmp1ied i 
1 

No Implied lmp1ied 1 
i .....! 

1 
Limited 

1 
Yeo 

1 
Y es 

1 
Y es 

1 
Stand alonel Standh:lone~ Stand alonel Stand aloneJ 

and host and ost and bost 
1 No 1 

No 
No 

Restr1cted 
(only on 
out oUt) 
Explicit 

Exolicit 

i 
Explicit 

1 Rettricted 
1 No 

1 1 
1 Ex'Olicit 1 
1 No 

1 1 
Y es 
Y es 

No 

1 Yeo 
1 1 

INon-existentl 

Full 
1 

Full 

Full L Full 
Full 

i 
Full 

~mphcit Explicit 

Exphcit 1 Explicit 

Exolicit Exolicit 
Expl1cit Expl icit 

Exolicit Exolicit 
Ye8 1 Y es 

1 
Ex ici Ex lici 

No 1 No 
1 

_Y es Y es 
No Y es 

y • Y es 
1 

Yes 1· No 
1 
1 

J Full· 
1 

Full 
! Full J 

1 Restricted-t. 
(only on 

1 
OUt2:ut} 

1 No 

E~_plicit 
Explicu 

Exolicit 
1 No 

1 
No 

1 No' 
.J 

1 No 

! i 
No 

i 
. 1 No 1 

1 1 
Y es 

Relational 1 Relational Other 

fo~~~~~~~~~~~--~~~~~y~.~.~--f-----~N~o-----t----,Y~e~8~--i-----~N~o~-~--t----,N"o~----~---.Y~e~o----i 
1- 1 

3.4.3 Obtiervations 

In general, tbe systems reviewed dealt with 
relations rather tban witb , the database itself. 
•·• systems bad tbe ability to· define a relation, 

8 great majority allowed the user to destroy 
. reorganize relations and define snapshots and 

v-iews. Only eight systems had ·an ex:plicit _command 

19 

No 
contained) 

No 
No 

to define a database, aod of tbose only six had an 
explicit command. to populate the database. Tbis is 
because in severa! systems- the database is defined 
and populated implicitly when the relations are 
defined and generated. Host systems had explicit 
commands to drop, add, and rename attributes. Only 
two systems explicit.ly defined t~ples. In the 
other system& 1 a tuple is defioed implicitly when 
the relation of which it is an elem~nt is defined. 

'1 
l 

1 

1 
1 

! 

/ 
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l. Retrieval 

1 
1 
1 2. Nesting 
1 
1 
1 3. Closure 
1 
1 
IT..~ember&T;rvu¡;;;ac.or---
1 . 
1 5. Set- oQCII!tQi:-6 -· 
1 6. Croup by operator 
1 
1 ' 
1 7' Arithmetic oeerstors 
1 8 Strin o era tora 
1 Transactl.on o era tora 
1 10. Exiatential Quantif ier 
1 
1 
1 11. Universal quantifier 
1 
1 
1 
1 12. Boolean expressions 
1 -1 13. 
1 

Query lan~uage environment 

1 14. 
1 15. 
1 
1 
1 16. 
1 17. 
1 
1 . 
1~ 
1 

Sort capability 

1 
1 19. lnsert 
1 
1 20. Dele te 
1 
1 
1 . 21. Modl.fy 
1 
1 
1 22. Update over more 
l ___ than 1 relatiQn 
1 23. Commit/undo 
1 
1 
1 
1 
1 
1 

•1 
1 
1 
1 JO. System p~~~~ed8ta 
1 

1 
JI. RepOit- generator 

1 32. Relationally co_mpl e te 
1 

3.5 Additional Definition, Generation, 
and Administration Facilities 

3.5.1 BaCkground 

Additional definition, generation, and 
administration facilities are shovn in Table 3.4. 
Tbese facilities vere chosen based on the impor­
tan~e of the relational model as determined by the. 

------"""··--·----·--------·-----~-----
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removed 
request: 71 

:ti 21 ·:~ 
21 
11 ~·~ 
¡¡¡ "·;( 

JI \!:l':¡.i 
·' ¡ 1 ;~":· 1:. 

~~ 'lt. , .. ¡ 

···' ''" ';t 
•jf¡' ,;:'·1 

:~ 1 

: ~ Jit7~ 
1 . ~~·¡;. ~;' 
1 Ji: ~: 71 

21 
31 

a teme 1 

21 
1 

101 
11 

1 
91 
11 

lll 
¡ 1 
41 

host: 1 
S &tema 1 

101 
11 
11 
JI 
71 

tQ outl?:ut: 21 
61 
11 
~1 

111 
11 

101 
11 
21 
91 
21 
11 

3 aya tema 1 
1 

41 
11 
61 

1 
1 
1 

ems 1 
1 

61 
1 

51 
1 

~1 
21 

RTG. Facilities are considered to be not applica­
ble (N/A) if the constituent about vhicb the facil~ 
ity is defined is not supported in the system. 

l. Attribu:e Synonyms. An eXplicit command exista 
to d~flne a synonym for an attribute name of a 
relat1on. · 

2. Relation'Synonyms. An explicit command exista 
to define a synonym for a rel"ation name. 

'ir:: ~.: 
sk r. 
~~; : 

"·l .. 
.i~-
;¡>-

f 

'1 ., 
. .... 
1 
?~ 1 .· ...i......!.L.L 
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Yea Yea No 

No No 
l Def1ne , i ,. Yea Yes· Yes 

Drop attr'outo No No No 
' 1 

Add attribuJ:e No No No 
1 attr:¡bu~e Yes No · Yea 

_,;:Y ea 

Y ea 

1Yeo 

Ji _,Yeo 

_y,_ 
Y ea 

' Yea 
i Yeo 

•' '(e o 
·:: Yea 

-' ~·- .. 

Y ea 

Y ea 

Y es 
No 

Y ea 
No 

,_. !lo No No : 1 li_o _No 
Other · 

: 
' 

1 i . : . : i: 
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) 
: , .. 
. 

! . 
res res roa_ 

Faat~d/1 
Yea No Yea 
Yes . No Yea¡ 

Y ea 
veune: 'i I ea Ye~ 1 
Deetrov ulation No 

Y ea 
NO 

y ea¡ 

.1 

f•. 

'-~': 
Y e• 

Y,~' 
Y e• 

·~· 
Yo; 
No,,¡ 
Yei· 

·~·,: 

~ Yea Ye: No 
. Define op~e Yea N• . N~ • 

.. 

.·, !¡;: 1 
21 ¡ 
.. 1 

R 1081 IRAPID 
!le~ res 

IYes 
¡res 

·IYes 
1 res res 

IYea Y ea 
!Y es No 

IYes NQ_ 
¡No Y ea 

1 Y ea Y ea 

IYea Yea 
No Yes 
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··, 
: 

.,. 
:! 

¡ :· 

:• 
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.. 
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'· 
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' 

' 

1 1 

1 
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1 
1 

.. 2 q IIDH llNGRESi. ' HRDS il HRSINOMADIORACLE 

Attribute svnonvms 
~elatlon synonyms 

Dupll<ate tuplea 

Can view be defined· over 
Jmore_.th~n one relation 

ICan VleV be def1.ned 

U ser/ DBA can· ef 1ne 
lmapping .to e~plicit 
lupdate view 

Se ectton cr1ter1on 
Aggregate fu~ction 

Primarv keys re_quired 
Key can 

1
be mod1f 1ed 

K~ can • e ared un1 ue 
Concatenated pr1mary key 

\ 

V1ews 1nher1 e • Null Valuad keya allowed 
' ' 

*N/A •-not aPplic&ble 

Yeo No 
••• "o 

Y ea No 

Y ea Y ea 

i 
Yeal No 

No 

•• ea 
Y ea Y ea 

No No 
Y ea Y ea 

Y ea No 
Y ea No 

No Y e o 
No No 

y • No Yeo Y e o 
••• • •o. no leo 

.. r•t \Vl~~~ Y ea Y ea Y ea 
iNo anpob 

' 
Y ea N/ A* Y ea Y ea 

' 
Y ea N/ A ' No Y ea 

1 1 ' 
No 1 N/Aj, No No 

Y ea Y ea ·Y es Y ea 
Y ea Y ea Y ea Y ea 

Y e o No 1 No No 
No N/ A ,Y ea Y ea 

Y ea NLA -Y es y • 
: Y ea N/ A Y ea No 

Yeo No . : No N A 
Y ea No Y ea No 

TABLE 3.4 ADDlTlONAL FACILITIES 
11 

(continuedf 

1 : ' 
PASCALLR PRTV RAPPORT oSYSTEil R BE RAPID 

Attribute sy~onyma Y e o 
' .. 

Relatton aynon~B Y ea 
Ouph.cat~ tu~lea No 

Can vteWt De d:ef 1ned o ver N/A 
more than one relation 
Can v1ev,De .detlned Ni A 

1 from other vi'ewe 
1 1 
!Uaer~DBA can,define 
lmapping to eXplicit i N/ A 
l!..P._da~_ v_i_u 
SelectlO~ cr1terion Yeo 

4&gr~&at une on No 
Primary keye required Y ea 

Kev can e modl 1ed No 
Key can be declared unique Y ea 

1' 

Con ca teQ.a_ted_:pn.mar •• 
V1ews inharit·keys NIA 

Nul Val ed k e a allowed No 
'. 

'' 
1 1; 

3. Duplicate Tuples. The 
oi d'.lplicate tuples. 
way the system has been 
be a user option. · 

syst_em'\aupports storage 
· This ·may be due to tbe 
~pleciented or it may 

4. Can a view be defined over· more tban one rela­
tion, e.g., in tbe. c:ase Of. jOin. union, inter­
secti~n, and relativc comPlement operations? 

'.; ,. 
5. Cari. a view be defined froin otber views, Le., 

can e dynamic derived relation be used in the 
def 1.aition of another dynamic :derived relat~on? 

6. User/DBA can define a mapping.·to update a v1ew, 
i.e., a view can be explicitly updated, causing 
updates to be mapped do_wn tO ita def ining rela­

_tions? ., 

"J.L. 

No Y ea 

Y ea' No 
No; No 

Y ea; N/ A 

Yeo NIA 
:1 
1 

No.! N/ A 

Y ea Y ea 

y • •• No Y ea 

NIA 
N/ A: Y ea 

I!LI>. leo 
NIA ¡ N/ A 

' ' 
N A No 

<1 

' 
" 

' i 
1 
1 

' 
: 

1' 

.li . 
,, 

J •. 

' 
' '. 

' 
¡ 

·. ' ' 
' 

' i 
' 

No 
' Y es, 

Y ea;· 

Y ea 

Y es; 

Y ea 

Y ea 

Yesf 
No. · 

-
Y ea 
Yee· 

• 1 

Y e o 
Y e o 

'!<· 

' Yea. 

'. i 

'' '. 
' ' 

No 

No 
No Yea 

N/ A No 

NIA 

1 1 1 

INtA! 1 
Y ea Y ea 

Y ea No 
No Y ea 

Y e o 
Y ea No 

Y ea Yeo 
NIA No 

No Yeo 

7. S_electicin ;Crit_erlon. Tuples of a relation can 
·be selec~ed , based on meeting a user specified 
criterion.: 

! . ' 
8.•Aggregate FunCtion. The system supports aggre­

,·~ate functiions. s~ch as HIN, MAX, and COUNT., 

9 •. ~rimary le)>s. 
~· part ofi the 

The system requires primary ke~s 
lOgical data definition. 

-IO·.-.'Keys can be modified. A user can modify a. key 
; _value. 

t 
11~ Keys can be declared unique. Once a 

.declsred 1 i.its value murot be unique 
tuple. Note that this feature allows, 

' 

kej . is 
for each 
at tbe .·_, 

t~; : 

·;Íj' 
·-·; .. -· 
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'· 

'1 ;; 
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uscr or.tion, definitions of 11pd.mai'y" and .''can­
didate' keys for certain relations. 

12. Concatenated Key. A key can consist of more 
than one aitribute of a relation. 

13. Views inherit keys.' When a view is declared, 
the key is inherited from ita underlying rela-. 
tions. 

14. Null valued keye are supported. A primary key 
may have a null value. 

) .5 .2 ll.P.IW}ts 

The resulta are displayed in Table 3.4. 

3.5.3 Obscrvations 

Tbe selection· criterion facility is supported 
~y al! ·af the systema. Often uaed witb aelection 
1s the aggcegate function, wbicb is found in ten of 
the . systcms. Eight of tbe aystems support dupli­
cate tu~les; however, in most of these systems, the 
UB~r can specify· if he/abe wiahea to see unique 
Luplea·~nly. Synonyma are allowed for both attri­
butea anJ the relations balf of the systems. Tbe 
domain of an ~ttribute can be operated on in only · 
five of the aystems. An example ~f sucb an opera­
tion might be limiting the domain· of an attribute 
SALARY such that the fixed decimal value is greater 
thao zero and leas than $100.000. In most systeme 
th~ domain is an implicit entity uaed in the defin-
itioo of attributes.. "...._/ 

Prinw_ty keys are supported in 10 of the sys­
tcms. In four t>y&tems - SYSTEH R, ORACLE, IDM, 
aud NOMAI: -- the key ia unique only if the user 
specifies. A majority of the systems that sup­
ported keys allowed modification of key values and 
allowcd 3 key to be a set of concatenated sttribute 
values. 

Vie~B can be defined in terma of 
~tion in seven oí the nine systems 

vie\o/Í:l. I.cr;u than half of· the systems 

more than onc 
\olhich support 

allow views 

to be defined in ,t'erms of other views, to inherit 
kefs _of their 'definiog relations, and to -be defined 
pr1or to run time; Only SYSTEM R allows the expli­
cit update of Viewa., 

' 

3.6 Functional Classes 

3.6 .1 .Def initiona 

In analyzing tbe feature catalogue, 12 'dif­
ferent functional Classes were defined. Tbese 
classes were used to group logically relational 
functions and are described below. ' . 
l. Databsse sChema 'nefinition. These functioua 

are included iD interfaces 1, 4 of ANSI/SPARC 
DBMS frameWork 8nd include tbe conceptual and 
externa! sCbema ~ource definitiona. 

2. Database Retrieval. These functions include 
the set oriented and record-at-a-time orierited 
·rftrievals from · :the data base. Tbey include 
functions :found, in interfaces 7, 8 • 9, 10 • 11 
of the. ANSI/SPAR<; DBMS framework. : 

3. Oatabase Altering .. These functions indude the 
aet oriented ·and record-at-a-time oriented 
inserts, modifications, and deletes in the 
database. They 1 include functions found in 
interfaces 7, 8, 9, 10; 11 of the ANSI/SPARC 
DBMS framework. 

' 4. Integrity Constraints.. Tbese functions include 
tbe definitions , of constraints on data values 
and their relationships. Tbey include func­
tions th8t· would be in interfaces 1, 4 of \.the 
ANSI/SPARC DBMS. framework. . 

5. Database Geheration and Regeneration. Tbese 
functions include- facilities, separa te from the 
database altering functions, -for logical bulk 
loading, unloading, and reloading of relations: 
Tbese functions can be found in interface 39 óf · 
the ANSI/SPARC DB~ framework. 

. ,. 
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1 
1 

l. 

2G 
Databa se schema 

1 
dedinition 

-:t:--lJatabase retr1eval 
1 
' ' 1 
1 
1 
1 
1 
1 

Ja. 

Jb. 

Set-oriented 

Record-at-a-time 
Database inaert 

Set-oriented 

. Record-at-a-time 
Database modify 

lDM 1 · 

QL COIIIlWlDd& QL d ~~1nmands dvnamic 1amic 

Yeo Yeo 

J • 
1 Y ea 

1 
Yee 

1 
1 re• 
1 1 

MB.S NOHAD 

Util~ty QL commanda QL commanda QL 
stat1t. dvñam; e dvnamic dvnamic 

l l 1 Yeo Y ea Yeo Yeo 
í í 

. Y ea 1 Y ea 1 y • 

1 
i 

1 i 
\ i \ i 

Y ea 

Y ea 1 Yee Y es Yeo 
1 1 1 1 

1 SH-oriented Yes Yea Yee ·1 Yea. Yea Yea 1 

1
1
. J~c~."-~R4e~c~o~rjd~-~a~t~-~·~-~tjim~•--+===========~=========t====Y~eia=:=tF==~Y~e~o~==~==~Y~e~o~==4===:JY~e~•====t· 
~ Database delete 

1 Set-oriented Yea Ye• Yea 1 Yea Yes Yea 1 

1 
··1 

1 
1 
1 
1 

' ' 

4. 

5; 

6. 

. 7. 

l 1 i i 
Record-at-a-time 1 1 Yeo 

Integrity constraints~ QL co~andsiQL COwl'nands ~ DD utilityl 

Database generation, J Logical Lo~icsl ! Logical 
re~~:enerat ion bulk load b~lk load [ bulk load 
Dat.abase schema 

! 
lndirect lndirect ~ Indirect 

redef~ & r.enaming 
i i 

Report generatioo 1 l'rlnt 1 Priot 1 

1 
Yo" o Y es 1 Yeo 

DD command¡ 

Logical Logical J Logical 
bulk load bulk 'load bulk load 
Indirect lndirect l lndirect 

i 
Pr1.nt 1 Utillty 

!~~~~~-.--i-,.,--·~=o-~\-~~~~~~.l''lliO!muo~a.!!n~d~+-.-~co~wm~a~n\!!d~~l--'------jf-..!''-!21!mm&!!!!!J!!n!.!d!-+o.::::::;:;'-'-;;-t 
3 Spec1.al data entry Prompt1.ng Prompting . 

1 
1 

9. 
JO. 

.JJ. 

J 2. 

-5. 

. 
7. 

8. 
9.-

JO. 
11. 

'" 
SeCurit monitorinll.. OL commands L C IHfTll10d8 DD utilit L commands L commands DD utilitv 
LOAD/DUMP/recovery Y es Yo o Y ea Yeo Yeo 

. .. 
Definition of QL commandsjQL CommandslDD utility ¡Ql; commanda 1 QL commands ~QL co.~nds 
access natha 
Database dictionary QL acces_s ! QL access 1 Special 1 QL access 1 Special T QL access 

1 commands 1 commaods 1 

TABLE 3.5 FUNL710NAL CLASSES (continued) 

Y es Yeo Y es Y ea 

1 
Y es Yeo Y es 

Intcgritv constra1nts DD utili.tv n pe DD Utl.ht L command L command DD utilitv 
Database gencration, ~ Logical Lo~1cal Logical bulk" Logicsl Bulk 

regeneration ·, bulk load bulk load load/un load load/unload 

Da~abase scht!ma lnd1.rect QL COfhlll.llods 
redef. & renamioll. - - Ind1.rect QL command QL command Utillty 

Report geueration PRINT Utiluy PRlNT PRINT Util it 
comm.and 1 y 

command 1 command 
1 1 1 í í i 

Soecial data entrv 1 Util(!_l: 1 
IQL command! command ! Forms 

! Security, mon1.tOr1.ng l QL 
1 

LOAD/DUMP/rccoverv Y es , Y es Y es Y es Y es 
Def i~ition of DD utility IDD utilityiQL commandl QL command ! Uti.lity 1 

1 acccss p.atb 

\·J:r:-ua·éaba t:e.~ ~e -lloña ry 

1 . 1 1 

OL acceiil=Q!~-sS~~~:Jo~L~a~c~c~e~s~sj·I=:=:=::==:±=:Qo1L~aicic~eisis:Í=:Ju~ttL[l[•Ot~yl::t 
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6. 'natabase· Scbema Redefinftio'n ~¡and llenaming• 
Th~ae functiona include facilities for renaming 
attributea and relationa and·adding or. deleting 

· attributes to already e:K.i8tiElg relationa and 
adding or deleting entirei relationa. Tbeae 
fuoctious vould be aupport~d. t~rougb functiona 
1 and 4 of tbe ANSI/SPARC framework. · · 

. ; '.; 

7. Rt!pot·t Gcneration. Tb'eaei fuD'ctiona include 
focilit.;;.ea tbat would be fouad 'in interface 8 
of th(! ANSl/SPARC framevork! and' are u sed for 
formatting and producing printed reporte·. 

. ! : 

8. svccial Data Entry. Th88e functions would 
include acreen entry or f~rm 8ntry proceasora 
and correspond posaibly ,to, functio_n 11 of the 
ANSJ/SPARC framework. ' ~ · 

1 
9. Security Definition and Mopitoring, These 

functions are used to d.fine protection and 
.sccp_ss x ights and _to indic.ate. vbetber . and how 

, security violations are io;" "be houaed. They 
would b·~ included in funCtiOna;J and 4 · of the 
ANSI/SPARC framework. 1 

• .

1
• . ; . , 

V "'ataba6~ Utilitiea. The.ae" Í\i~~i-.~iona would aup­
)tt physical dumping and 1oAdin& of databases 

.nd ro ll ba'ck and ro l'lfoi-Wai'd fli-om d•tabaae 
logs. They could coireÍipo*d to function 24 of 
Lh.e ANSI/SPARC framework';. . 

. . " 

.. i \:-,. 
11. Definition of !stora&e Structure and Acceas 

P8tbs. Th~8e functions are used to define'tbe 
static. intet_Dal·'·scbema of tbe database and as 
suc.h are ~q. s~ilar to func.tion 13 of the 
AIISI/ SPARC framework. 

. .:¡, . 
12. DatabAse oi.C~lio~r).. These functiona are uaed · 

fOr retrieV~ of sc.hema data and auxiliary uSer 
s~pplied te~ual descriptions, and can include 
functi~us found in functions 34, 35, 36, 37, 
38, ., 2, 3, 5¡, 6, 14' and 15 of tbe ANSI SPARC 
arc.bitectur·e:. ,, 

., 
t· 1 
• 1 '¡ 

3.6.2 Reoulta ·,¡. 
·,1' 

ttie rti'llilti~are displayed in Table. 3 .5. 

i :: ·';' 

3.6 .3 Obaervat.iOn_s ·, ' . 
. ; j 

. ' 1 
. . • 1 . 
:The compli:t'd f,eature .cataloga of 12 rela­

tiona~ lystems wpre 'analyzed in orde"r to locate the 
existe'nce of tha~e functional clasaes. Note _tliat 
tbia 1 • ."au~ly8is" _vas COncer'ned with the existence of 
these, cíB.sses an~ the functional similarity ratber 

· than wi_th tbeir. power or completeness • 

1 
1 
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ayat~a on aome .of the clasaea • 
. decre•eing. order of unifo['lD.it)', 
oriented retrieval operationa (1gnor 
rem.ova.l), aet oriented tuple deletion modifica­
r ion operations, record-at-a-time ioaertioo opera­
tiona, query language atyle commanda to define tbe 
datab~ae, and query laoguage atyle · commanda to 
):etrieve thoae definitiona. The8e cla81ea of func­
tíona appeared aomevhat similar in 8 or more tban 7 
of the ayatema. 

Other function.claasea were either not present 
in more than 7 of tbe ayatema or exhibited ~onrrd­
ernble variability in thia atyle. 

3.1 lnterface Flavore 

3.7.1 Definitiooa 

The functiooa to tbe varioua 
eharacterized by expected uses 
Thiee such categorie8 include: 

aystema can be 
·of the function. 

l. loteractive End Uaer interface. In tbia func-' 
tion tbe uaer iasues 'query' language commanda 
thróUgb a keyboard (CRT or hard copy) terminal· 
to' aCcess the databaae • 

2. lloat PrOgramming Language Interface. In tbie 
ful!ction, a ·progrBlmlling language aucb as COBOL, 
Pl/1, or FORTRAN is uaed to acceas tbe data­
b~se. Theae function can be implemented witb 
tbe use of a preproceasor wh"icb . mapa database 
co¡pmanda to. hoat language subroutine calla, 
witb direct (user controlled) aubroutine colla, 
or vith actual eztenaions to an ezisting (or 
ne~) language and compiler. 

3. Special ·Interfaces. Tbese functiona generally 
ceq~ire sPecial hardvare, such aa graphics ter­
mi~ala,· for accessing tbe databaae. 

Resulta 

The resulta are displayed in Table 3.6. 

3.7.3 ·Observationa 

The uvailability of ibeae interfaces in the 
~>ystems analyzed are shown in Table 3.6. Most aya­
tema suppurted an interactive end uaer interface 
and & boat . programming language interface. The 
rcalization of the progr.w:o.ming , language functions 
varied conaiderably, as did tbe apecial functi~ne. 

3.8 Syatem Architecturea 

, 3.8.1 RéHults 

Tbe systemH analyzed can be looaely groupcd 
into two types of architecturea. Those orchitec­
lllres are Hhown in Figure 3 .l. Systems of tbe Type 
A architccture ha ve separa te utilities for óef ining 
tht.• datab~t>e and for manipulating the· data it~s. 
ln tholjc syt~tcms the. data definitions are stored in 
1w intcr:wl form where tbey are accesacd (retricval 
oniy) iu order to procesa data ·rnnnipulation com-
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Figure 3.1 · ~elational ArCbitectural Stylel 
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' manda. Some syStems in thia arcbitecture aleo 

atore tbe data ··def initiona in relationa for con­
venient and powerful acces·a by databaee users. 
Systems of tbe Type A architecture include HR.DS •· 
NOHAD, PASCAL/R and RAPPORT. . 

Syatems of the Type B architecture, on · otber 
hand, generally have one query level type interface 
(for botb retrieval and update) througb which 
scbema commanda aud data manipulation commanda can 
be freely intermixed. Systems witb thia type of 
arcbitecture include IDM, INGRES, MRS 1 ORACLE• 
PRTV, SYSTEH R and QBE •• 

3.8.2 Observations 

A few observations can be made about the 
ar.cbiteCtures and functions of tbe syatem:s. First, 
many of tbe systems' atore syatem data in relations. 
Those relations, protection permitting, can be 
accessed by the same retrieval commands that accéss 
uaer relations. However·, special c"reate or define 
commands are required to populate the ayatem data. 
In a few syatema it may be ¡)ossible 'to apply 'user 
relation"" update commands to the system. relatioo.S .• 

Secondly, in most of tbe systems, tbe record­
at-a-time operators app~ar to go througb tbe same 
level of function as do the aet-at-a-time opera­
tora. In no aystem is it made ezplicit to the user 
that tbe 'user set oriented operators' are mapped 
to the 'user individual record oriented operators.' 
In anotber ayetem, IPAD (for whicb the architecture 
part of the. feature analysis was'not completed}J 
that.typ~ of ~set.operator' tq 'record operator8 
mapp1ng lB suggeated. 

.·! 
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------~~~~======~~~~~~~,-~"·~-~;,~,-~---~~-·~-·~·-~-~---~~·~· ~ 1 TABLE 3.6 INTERFACE· FLAVOB.S 

1 H.oet · Progr8Jiiming Language 
1 Pre- Nev' 

1~·~~--~~~~~~L,~UL~~~""-~~~~~~ 
1 1. lDH 

·.1~·~2:.~rN~C~R~E~s[:~==~Y~e~al:~~==~Y~e~sL:=t:=:;:===41========4=======:Jc~uüP~lJD[::=:=:=+ 
·3, HRDS Yeo 1 Yea . 

4. HRS ·Yea 1 1 lnteractive Subsystem 
' ( 1 ' ) I,u2 e s:;d¡,to¡ 

5. NOMA O Y ea 1 Y ea Y ea SCREEN Editor for Data 1 
-6. ORACLE Y ea Y ea KcfOrms for Data, 

ditor for Commanda 
7. PASCAL/B. Y ea Y ea •' 

-a PRTV Y ea Y ea 
9. RAPPOB.T Y ea 

i 
Yea (7) 

1 SYSTEH B. Y ea 1 Y ea 
11. QBE Y ea 

1 1 
Y ea ·QBE Tabular Form l 

12 RAPlD Y ea Yea -"arlous utilit'es 
(llr e stems/3 y a stcma 16 y systema/2 systeme ~pec1al Interface& 1 

have been defined 
10 ayetema 

I____:.: __ ~J._------'----~-----'-~--:_.:_.----1 

3.9 Operationa_l Aspects 

3.9.1. Definition~ 

In section 6.: of the fri!:ature analyaia, tbe. 
llrity~ concurrency control, and crasb recovery 
~banisma of tbe 12 relational database systema 

were . reviewed. · lnformation waa provided in the 
followÜJ-g areas: 

'' J. Sl!l:c~rity ·U ser Related. This section, 
lab~led access control, Vas concerned witb bow 
(and if) uaers were identified to the DBHS, 
Tb~e~ types of identification were identified: 

d. User Id from Operating Syatem. Tbe DBHS, 
t.brough a system. call, ident if ies · tbe 
current user in order to determine tbe 
us~rs capabilitiea. 

b. Passwords. The DBMS requires a user to sup­
JlY 8 password in order to determine tbe 
user's capabilities. 

c. File Access Control~ Tbe Operating System 
controlled access to the database files. 
F'or some DBMSs, this method is the ónly 
form of access control. For others, tbe 
O~S. control is used in conjunction witb 
user identification- of type a or b. For 
tbe latter type o"f syetem, th:·e DBMS itself 
is the owner of the, database tpes. 

2. Secl;rit.Y Data Related. This section, 
labelcd capabilities, waa concerned witb tbe 
granulnrLty and/or level ·of protection. 

a. ltt!m protected for moet systcrns vas a rela~ 
t!on, view, or botht but had to be e~pli­
ritly named. Some ayetems allowed prOtec­
üon on specific uttributes .of. relations. 

.... 

_b. ' ' Value bastd_'protection indicated tbat tbe 
data valua :'can be used to define the itema 
to be proteéted. Note this feature is dis­
tinct fiom ibe value dependeot.viev mechan­
ism in tbat tthe value based granules need 

'not be 'nam8d'. · 

3. Concurrency Control. Tbia section vas concerned 
, "witb tbe conaistency of · the dat8baae during 
multiple uaer update. Tbe part"icular · items 
noted were: ¡ 

a. Multiple Uae·r Updates. Could users sim.ul­
taneously (&t least from tbeir perspectiv~) 
update the database1 . . .: 

b. Multiple Upd&te Commands. If so, could the 
user _group multiple update commands into ·~a 
tranaaction1\ 

e. Degree of COna istency. If mul tiple U:Ber_s 
could simuli:aneously update the dat8baae_, 
what degree Óf consistency was permitted1 
Degree 3 consistency implies tbat no uae"r 
sees the update of another user until th'e 
other user .has completed a transaction 
(possibly 8, 4?,De COmm&Dd transaction) •· some 
DBMSs achieve Degree 3 consistency by lock­
ing everything that a transaction i"ea'ds ór 
writes and' choldin' those locks until the 
end of tbe.· transact1on. With Degree 1 con­
sistency, on~ user can see updates of otber 
user transac:tions that bave not · completed:. 
Some of thé· DBMSs acbieve De~ree J ··con~ 
aistency by locking récords ·(or pages) 
wbile they ~re in main memory but· not wben 
the recorda are I-eturned · to the disk. · 

d-. Explicit LOcks. lf multiple users could 
simultaneously update the database, 'can 
they explicitly preclaim resources by 
requesting locks for those resources. 

4. Crash Recov·ery. DOes the system make any provi.l. 
sions for protecting the consistency of the 
database in the prescnce of system ~nd ~isk 
crasbes7 ·· 

,. 
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a. Data base Bac:k-up and Resterrt: Do~• tbe 
Database SYstem have apecial functÍons for 

· bat:~ing up tbe disk cop¡; of the databaae 
and restori_ng ihe data aee hr..- that back.­
up? If the ·data base system Gt,H .not bave 
those functiona, some feature •n4 lysea· aug­
bCSted that operating ayst~ file dump and 
restore utilitiea could bt uaed on the 
data base ·files. . .. .,.. 

3.9 .2 ieeul te 
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The 'resulta are displaye'd in Table 3.7. 

3.9.3 ObservatiOna 

b. Logging.· la logging of recorcs changea or 
· · page chaogea supported7 ,BY aupported, ve 

mean that the log _can be rolhd forward' 
together.with the DB ~ump/rett~e to return 
the d&tábase to a consiatent •tate in tbe 

Tbe resulta abown in Table 3.7 indicate that·· .. ; .. 
tbere are a variety· of approacbea to theae opera ... 
tional aspecta of DBMSa and that approachea do . 'not 
seem related to the relacional model. 

cade bt a disk craab. · 
The reaul ta are important, bowever, est~-bii;Áll., 

ing the fact that some of tbe relatiooal systema 

c. Recovery from System c;:rasli. D(lea tbe aystem. 
have any pro~ision~ for. prbtectíng tbe 
database from lDConal~tenclel due to par­
tially complete traosactí"n• and soft 
(non-disk damagiog) crasbea1 

are in some sense· 'complete'.'DBMSs; tbey are auit­
able for ahared databasea used by multiple uaers + 
simultaneously !Jpdating tbe database. and they -.~ 
allov for environmental· realities such as aoft 'and r 

1. Secur1ty user related 
a. iJser ·¡o from OS 
b 

v •• 

hard · crashes. · 

TABLE 3.7 OPERATIONAL ASPECTS 

NOHAD 

Y es Y es 

ORACLE 

Y es 
Y es 

____ c •. ~~~~~~~-t------+-~~--~~L-4-~~~--~~+-------~--~~ 2. 

a.,Multiple user update l Yt:a 1 Yea 1 Yea 1 1 Yes 1 
b. Hultiple. c~mmaoda per 1 1 1 1 1 

View/ 
RelatiOns 

Y e&·;· 

:~1 
1 
1 
1. 

1 
·. ' ·: 1 . 

., 1 
transact1oo ·J Yt:t f No 1 Y es _. 1 1 Y es 1 

e. Degrees of consisteocy 1 l 1 3. J 3 1 1 1 lj 
• . 1 1 1 

Y es'., i': 
if explicit pi:-ecla~l 

1 otherw:ise ;_.1 
·d. Ex licit locks 

-¡: •:rash recovery 
s. DB back-up/restore 
b. Logging 
c. Recovery from 

system crashea. 

os 

Y ea 

TABLE ).7 OPERATlONAL ASPECTS (cootioued) 

RAPPORT SYSTEH R 
1 

QBE 

Y ea 1 Y ea 
1 

Y es Y es' 

Vievs/ 'Rel&tion/ 1 
relationa/ 1 .Attribute 1 
attributea '1 

.Y es b.' Baaed on data value 
Concurrency control 

4. 

a. Multiple User update No 1 
b. Multiple commands per 1• 

tranaaction 1 1 
c. Degrees of consiatencyl 1 

1 1 
d. Explicit loe ka 1 1 
Crash recovery 1 1 a. DB back-up/reatore 1 08 1 
b. Logging 1 1 
e. Recovery from 1 1 syatem crasbes 1 _ _J 

os 

1 Y ea 1 Y ea r 
1 1 ·,1 
1 1 Y ea 1 
1 1 3,2orl. L' 
1 luser selecta)· 
1 Y es 1 No . 1· 
1" 

1 ¡. 1 
1, Y es 1 . Y ea ,le 
1 IPage logging)Page 
1 1 1 
!Record levell Y es 1 

No No· 

Yes 1· 
loggingiPage 

. 1 

Yes 1 

Y es 

os l 1 

r 
RAPID 

1 
1 
1 

Y ea 1 

Viev r 
1 
1 

1 

Y ea l 
1 
1 

Y eS 1 

Yea 1. 
loggiogl· 

1 
1 

. ', 1 
. ' l. 

1 

¡. 

-·., 
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a. Uaer ID from OS 
b. Paseword8 
c. File acceas by OS 

Hult e uaer update 
Multiple commanda per 

tranaaction 
c.· Degreea of ·conaistency 

d. EXplicit iocka 

recovery 
a. DB back-up/reatore 
b. Logging 

c. 

6 syatema 
12 aystema 
9 syateDI 

aya tema 
8 ayatema 
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4.1 'J.'he lmportance of Arcbitecture 

.. 
Database management systemB are complex 

bardwdre and software systema used for a wide 
variety of_ applicatiana. Tbia complexity and 
va_riet~ ha8 teaulted in DBMSs witb different func­
tiona ahd Srchitectures. Tbe differencea in DBMSa 
are f.ui:'ther complicated by tbe fact that DBMSa 
int2rfaCe to various programming languages and to 
end uaer query languages. The functions and arcbi­
tectur~s of databaae management aystems also differ 
in teros of the ·data modela they support.· · 

An architectural framework for DBMSs ia fre­
queritly propoaed in arder to unify the diveraity in 
syatt:ms and approaches. Sucb a frameworkt caD serve 
many purposea. 

First, the framework can be used to clas8ify 
obJCCts in a database and identify and define the 
oper3tions on those objects independent of auy par­
ticul~~ implemcntation. Within such a framework, 
related functions can be grouped, the semantics of 
those functions defined, and uniform terwinology 
established. 

lo the prcsence of such a #semi-formal' data­
base ... 3yeteni · definition, the difference and com­
monalities of different modela can be determine·d. 
This· is the ~ second purpose of an architectural 
framewt:-rk. Some 'of the objects and functions will 
be· the· same', reKardless of tbe data base model. 
Olluá o?jects and functions will only be defined 
{Qr specific' data modela or definitions will vary 
depenciin& on the data model. In additioo to iden­
tifyilig' the model dependerit componente (objects and 
functions), the. framework may suggest mappings 
between the different modela. 

· .Th.e third. purpose of an architectural frame­
work ie'to guide the development of DBMS standard&. 
An ~rchitecture will allow for tbe standardization 
of both. intérnal and e%ternal interfaces. The 
standardiza.tion · of an internal interface sucb as 
'logical database processor', could result in one 
UBHS product thst is used to support external user 
interfaces provided by different DBHS vendors. 
Similarly, a competitor could develop a different 
logic.al database processor that conformed to tbe· 
~>taod.nds, and market that produc.t wi thout develop­
ing. any ~nd user interfaces. The designers of suc.h 
interna! and externa! t>tandards -use the framework 
ddinitiotls to determine which interfaces can be 
the ~amé ior all data modela and vhich interfaces 
mus"t ~e model dcpendent. 

Additional purposes for an architectu.ral 
fra.me\iork have been proposed. The architecture 
coUld be used to guide the first stageS of design-
1ng an4 developing a database manaKement system. 
The frllmework could alBo serve as a. basis for DBMS 
research efforts for identifying and formally 
spe.cifying. interfa~es, defining data modela, etc. 

In this section, the impact of tbe relational 
model on architectural frumeworks is analyzed. In 
Section 4.2, five approaches to architectural 
1rame~orks are reviewed. In Section 4.3, scveral 
open ~ssues concerning relational st8odards are 
discu~oed. · In Section 4.4, the architectures of 
lwo of the best kriown relational syatems, INGRES 
and System R, are rcviewed. Finn.ll)Í, in Section 
4.5,· a potential RDBHS architecture is presented 

4.2 Alternative DBHS Arcbitecture Frameworke 

tu re 
Some 
are 
tbe 
or 
tbe 
the 
data 

Several different approaches to DBMS ar·chitec­
frameworka are. currently being developed. 

of the mor8 prominent. of tbese architectUres 
briefly . described below·. Note tbat it iB. ñot 

jurisdiction or intention of tbe RTG to seleCt 
evaluate tbeae different approacbea. Ratber, 
RTG consideréd wbetber or.not some or all of 

approaches are compatible witb a relational 
model standard. 

A. "ANSI/X3/SPARC DBIIS FRAMEWORK" by Ao 
ANSI/XJ/ SPARC Study Group of Data base 

,Syste.ms. (TSIC78J, 
Mana:ge:lnent 

The study group presenta a generalizad fi'ame- · 
work for tbe description of database management 
aystems. In particular, the group recommends 42 
interfaces for standardi%&tion. In .addition, a 
scbematic of processora .for interrel8ting·· tbose 
interfaces ia p7:oposed.. Those processors. can be 
thought of aa interna! processing functionS, Pro­
¡ram pr~par~tion a~d.executive subsystems, and peo-
ple acttng 10 speclfLc roles. · · 

The · study group' s report emphasiz.ea · tb~ee leV­
e la of a schema corresponding to tbe extCrnal, con-· 
ceptual, and internal view of the databaae. Tbe 
ex.ternal view of ·the database is uSed to desc.ribe 
tbe data as se e~ by the programmer •. Tbe conCeptual 
view of the database describes bow ·the "infcrmation 
of an enterprise ia modelled in the dBtabase. 
Finally, the interna! view of tbe database is used 
to describe tbe ·dAta to the syatem. One of • tbe 
main goal a and J contributions of tbe ANSI/SFARC 
framework was to Sllow data indepeñdence in,! the 
presence of evolving cbanges in an órganization at 
tbe externa! levels witbout requiring extenaive 
changes at tbe internal level. 

The ANSI/SPARC framework is tbe ·basis upon 
wbicb the· DBS-SG must develop and maintain a Refer­
ence Hodel for standardiz.ation. Tbat · RefereDce 
Hodel is designed to serve as a single global•map 
of a generic DBS onto wbich specific standardiza­
tio~ efforts caD ·be projected. The DBS-SG R11fer._ 
ence Model. can be classified into two categoriea 
dealing witb tbe direct and indirect proPerties of 
DBMSs. The direct · properties include functiÓnal 
componente, the connections between tbe componeDts, 
~nd the interfaces. A function supported .by an 
l.Qterface is di~ectly processed by its immedi8te 
component. However, tbe processing of tbat func­
tion may require indirect interactions witb sctiema 
definitions, s~stem logs, user autbentication, etc. 
Tbese activit1es are referred to as indirect Pro­
perties of tbe database architecture and include 
tbe placement o.f .. the . data declarations, and 

1
the 

propagation of tbose declarations througb lthe 
Ref erence Hodel. · · · 

B. "On a Functio'nal Framework for Database Man~ge­
ment Systems" by Micbael L. Brod~e [BRODSOaj. 

A DBMS framework is defined as 1
11An 

implementation-free characterization of a DBMS in· 
terma of its functional components 11 • The p1·ogr,am­
ming lang~age concept of data abstraction~ is used 

·~ 
. 1 

1 
! 

1 

1 
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comp-onents. fuoct · 
DBH.S component conaiau of a 
lat:.gunge or 6yntax for initiating· functiona, the 
fun~tiona, and tbe objecta that the functioaa act 
on. 

. As an example .of the framework abatractions, 
:hirteen· typea of objecta and ten baaic functiona 
are · introduCed. Tbe potential functional com­
ponente· can then be defined as an entry in tbe 
matrix ·(lJ by 10) whicb representa tbe application 
of eacb baaic,:.functioo to each object. 

C. ''NSS Strawm.an Architecture for a Family of DBMS 
Standards 11 -_by the Computer Corporation of Amer­
ice for an NBS aponsored project (CCA80]. 

, The Computer Corporation of America project ia 
'to· d·evelop ·a framewoi'lt arcbitecture which can be 
used to guide' the evolutiooary development of data­
base atandarda,. Tbere are four key concepts in the 
r.CA arcbitect~re: 

1." a comprehensive list of DBMS functions are 
groi.Jpcd into componente that could be marketed · 

· as in"dept~ndent database products ¡ 
2~·a family of componente are defined for allovinK 

~ifferent standard& for different data modela¡ 

3. a ·st~cd.ard schema of scbemas and ita associated 
functiOns ·are defined; and 

4. botb interna! and externa! interfaces are 
óef ined. 

D. ''Ub~ori. of· E~isting Data Hod~ls'' as. profosed by 
Jobnson (lPAD) [JOHNBO), Date (UDL) DATE 76; 
79a; 79.b¡ 79.c¡ 79d; 80], and others. · 

. ; .. , ·. ' . 
i'his App'roach emphasizea the commonality 

bet'veea · the'· _ti.ierarcbical, network, and relational 
data modela.· ·Rather than develop a aeparate atan-_ 
dard : for ' the' relational model, it could be con- · 
sidet·ed as just .a aubset of a unified model. Under 
tbia 8pPrOach, the database architecture could 
cloce_l:('fol~ow ·t~e existiD& CODA_SYL architecturea. 

4.3 :1odel Related Architec.tural lssuea 

4.3 .1 The 'schéma Architecture 

~ database model can be deacribed by ita data 
structure, the operationa ori that structure, and 
the in.::egrity constraints on these operations and 
structurcs. The relationsbip between the different 
modelB and how that relationahip is encapsulated 
can affect DBHS standard& in at least two im"portaot 
ways. First • the .componente of an architecture can 
be arr.'lnged in Duch a way that tbe different models 
could share aome of the same internal componente. 
For example, the followiog three approaches could 
be used to integrate the modela.· 

l. The ANSl/SPARC DBHS framework introduced the 
concept of externa!, conceptual, and internai 
schemas. It has been suggested that a 11 semanti­
caliy rich" modcl for the conceptual schema, 
such as an cntity relationship model~ gcnerali-

J2 

• ecbema vould be conaidered "ricb", i.e., ine 

:! 
many -problem or.iented pro¡)ertiea. Tbe external 
schemaa could conaist of relational, hierarcbi~ 
c~l¡ or CODA~YL objecta. and u~e their reapec~ ·· ~. 
Uve operatl.ona and. 1nteKrlty constrainta to ~· 
map to a common, ricb conceptual achema. 

2. The relational model itaelf is conaidered 8 
conceptual ·achema independent · of COÍ>ASn. 1 or 
hierarchical conceptual schema·a. Thoae indepeo~ .. ,. 
dent conceptual schemaa could be mapped to com- ·· 
mon acceaa metbods ( internal scbema}. i :·~ 

3. The d,ifferent modela are mapped to ,a COillllib4 :;;1 
data model aucb as a ·aet-theorétic modi!l •. Si.icb ·· .. 
modela can be called aparee becauae tbey cou­
aist of a amall number of concepta (i.e., a· aet ~;:i 
and an element ·of a set). Tbese concepts are ·~. 
augmented by extremely powerful and general ~~ 
operators. Sucb modela are not usually , con- ·.-;. 
sidered as "conceptual modela" witb whiCb to : •.. , 
represent tbe information in au ent.erpria~. 

Tbe first approacb would allow diÍférent 
external scheuias (Le., baaed on relatiOnal, 
bierarcbical, or network modele) to be de.fined over 
tbe &ame dátabase. However, users of:a. relatioñal 
externa! scbema may not be aware of mul'tiple 'entity 
interdependenciea. Eitber the user will bave to 
understaud tbe underlying conceptual schem.&, · or 
considerable researcb will be needed to adequately 
specify and implement' the mappings betWeen ··concep­
tual and relational objects. Furthermore·; new data 
modela may be difficult to map onto the· rich model 
·used for the conceptual "achema. · ·.· ·• 

An advantage of · the second &pproa'cb is the· 
'simpler'" view: that what a user ae·ea is realizc!d 
in the conceptual model. Any multiple entity' -con­
straints are value dependent and ·expresaed 1n a 
IIÍ.anner similar to the uaer'" a query ·· laziguage. 
Witbin the secoud approach an individual· database 
vould have to be declared as a relational o~ a 'net­
work model, but D.ot both. 1 • : 

The third approach has the advan·tage of being 
more extendible to new data modela. However,. there 
m.By be performance penalties related· tO' botb · ~p­
_ping overbead and lost optimization opportunitiea 
between tbe semantically weak schema aud tbe acCess 
metbods. , ·_ ··. ·. t 

The' above discuasion concerns tbe ·ettects' of 
data modela on the component arcbitecture ,for 
DBHSa. The.second effect of data models oo DBMS 
atsndards concerns the "exact 11 definitions of· tbe 
data modela. DBMS', standard& need i.o apecify botb 
the ayntax and aemantics of the model operationa.on 
tbe model objects in the presence or absence: of 
model integrity constraints. In order to sPecify 
thc model semantica and make comparisons be~Ween 
tbe relative fOver of the modela, a formal and con­
sistent defin1tion of the modela may be _appropri­
ate. Note that approacbes 1) or 3) mentioned above 
could be used for model definitions independe~tly 
of any c~mponent architecture. 

'> 

4.3.2 Hultiple Hodel6 in User Interfaces 

. There are two-.approaches to supporting' multi­
ple modela in query languages and bost langUage 
interfaces in one DBHS system: 

l. One spproacb to l:be different models takes ,tbe 
union of the functions in tbe different ~odela. 
This approach, as suggested in UDL and IPAD, 
would then allow a relational or hierarcbi'cal 
systcm to be restricted to a subset of · tbe 
language con6traints. 
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the functions in the supported by tbe DB.MS 

Tbis approacb, ao suggested tbe compoOents añd their interfaces Of a DBMS 
by the CCA. arcbitecture,· vould tben allow i. duces. an architecture. Tbe interfaces betveen com- · 
net~ork, hierarcbical,. or relational system to ponents vill be called interna l. DBMS uaers deal 
be. ~:~n independent extenaiou··ot the base set of. only vitb external interfaces. 
fun-::tionB. · 

An adyantage,of the first approach would be 
that relational .. and bierarcbical systems could be 
def inecl. as -j~_s( a. subaet of the· COIM\.SYL lilte aya­

. tema. UnfortUt:l.átely, if the modela do not auitably 
"interact, tlie O.efinitiona of tbe data· modela may 
bave to be changed. An advantage of the second 
appicacb would be that featurea that are eaaier to 
implement in one of tbe modela ( i.e., query 
languagea and their optimizeie are eaaier to imple­
went in a relatioual aystem) could be standardized 
without waiting for the feature to be deaigned and 
implP.mented for all of tbe modela. A disadvantage 
of tbe second approacb ia that some interfaces for 
diffe"rent modela could needleaaly evolve in dif­
f ereot ···cl.irect ion o. · 

4.3.3' Sepai:-ate or Unified Com¡Jonent·a 
of an Architecture 

Approacbéa to incorporating different modela 
into'database framework arcbitecture can be grouped 
into tbree classea; 

l. OÚS -~t·cbitecture witb multiple componente and 
intetfB.ces· can be defii:led. Ea.ch component and 
interface in ·-tbe framewOrlt would bave to be 
defined to Bccommodate all ·of the modela. This 
architecture approacb ia similar to the firat 
a?proJacb for"·tiupporting multiple data modela in 
one uRcr·intérface. ... 

2. ThE~architeCture can be divided into those com­
ponéht& :and~ interfaces whicb are model depen­
dent "and thoaii. which are not. Ihe componente 
that · are model inde.pendent could. be standard­
ized on their ovo. Separate standard& for eacb 
model dependent component could be developed 
fór eacb model. Thi6 approach ia similar to 
tbe lllternate approacb for aupporting multiple 
data modela; 

3. s~paraté architecturea could be defined for 
e~cb model. Tbere vould be no architectural 
re,lationsbip between standard&· developed for 
ditferent data modela. Ibis approach is not 
comp~tible witb tbe current ANSI/SPARC DBS-SG 
charter. ,~ 

Approacb three might be tbe 'easiest to 

3J 

implem~ut because it requirea no coordination 
betWeen committees work1ng on standards for 
different. data modela. Note~ however, that there 
would be no uniformity. between the re6ultant atan-:-· 
dards •. Approa_ch one, on the other hand • would be 
the mo6l difficult to define but vould ·reault in 
the most uniformity between standard& for different 
modela~ Approach one is perhapa the theoretical 
ultimate goal of tbe DBS-SG reference model. 
~pproach two allows for more flexibility and would 
serve a& a more practical refereoce model to Jup­
port today'a technology. · 

4.3.:4 Cranularity of Building Blocka 
in the Architecture 

Software.components and tbeir interfaces are 
the k.e¡ r:onatituents of an architecture· frarueworL 
The is&ue addressed in this section is the granu­
larity or size of the components. For cxample, is 
a DBMS consider-ed to be _one . large &Oftw·are com-

Three approacbee to partitioniil.g the fun'ctiona . 
supported by a DBMS.into componente are: 

l. Componente could be def ined a long the linee o f. 
external interface&. For example, one com­
ponent for a DBA interface ·could support •11 
functiona (e.s.. creating and maintaiñih& a 
databaae). Alternately. DBA functions could be 
supported by more than one component (e.g.,. 
two: ene for logical datsbase definition &nd 
one for physical databa se definition). These 
componente and. their e:x.ternal interfaces cOn-
atitute the architecture. · 

· 2. O~e component could be def ined tOt each func­
tlon supported by a DBMS. In thia appro4cb · 
each function tbat is identified would .. reault 
in a separate·· component in the archiiectural 
framework. Separate internal comporienti "that 
perform a function for other componente (and 
not directly for end users) could aleo be iden­
tified. For example, file read and file vrite 
componente could be identified in the architec­
ture. 

' .. 
J. One component could be defined for a clase of 

external or internal interfaces. Tbis appróacb 
differs from the firat approacb becauae 'inter­
na! componente· and the1r interface are aleO 
identified in tbe architecture. An.~internal 
interface could be used by muli:iple .'~omponents 
that provide different externa! interfaces. 
For example, ari interna! file acceái éOmponent. 
could be uaed by components interfac~ng ~o _DBAa 
and by componenta interfacing tO end uaera. 
This approacb differs from the aecond approacb 
because logically related functiona are grouPed 
into one component. ; 

1 

. ' 
Tbe firat partitioning, baaed On· ·extenlal 

interfaces only, is normally coñsidered iD DBMS 
standardiz.ation activitiea. The secoód aj>pioacb ia 
useful for identifying DBMS functions and 'Under­
standiog their interrelationsbipa in a DBMS archi­
tecture. Tbe thi~d approacb modularizea. tbOse 
fuoctions into potentially atandardizable com­
ponente tbat include internal ·interfaces •. Tbe 
standardization of·ioternal interfaces may becOme 
inc:reasingly import&nt with the development .of 
database machines and diatributed databaséa ··and 
would allow for · tbe iotegration of separate DBMS 
producta. 

4.4 loternal Arcbitecture of Relational 
. i 

Sy&tem_s l 

Tbe internal 4rcbitecture of two of the better 
kno~ relational DB~s, INGRES-aod the System R &re 
rev1ewed and tbe commonality and differences iq the 
architectures are· ·di&cussed. INGRES aDd System R 
were considered due to the availability of pub-
lisbed documenta tion of their architecturea.. : 

4.4.1 The INGRES Ar~hitecture 

l'he INGRES arcb"itecture. can be broken into six 
logi<:al componente as shown in Figure 4.1 [STON76 
STONSOJ. The user interface is responsible fo; 
interactinK directly with the end user an'd co~ld be 

,; 
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- th"é tNGi.ÉS. t-c;;-;~1 monitor, an Equal program, or a 
CUPID . inte'rface'. Eacb of those interfaces senda 
<:ot.mlB.nds· ·t. o ther 'parser. 

ThP. pa-rser is responsibl'e for- syntax checking, 
the Oi.cding of "relation and attribute names, and 
the constructioo,of tbe ~arse tree. Note that 
since . .celation ~ar.d attr1b'ute names are stored as 
part of tbe user database, and the parser must 
acceea· - tbis · information; the. parser includes the 
databan¿ access modules • 

rb~ Query: Modification component modifies the 
parf~ ~ ~reé ··as required in order to incorporate a 
view mechaniam, 'integrity constraints, and protec­
tion constraints. Tbe query modification component 
aleo estsblisbes user identification,. date, and 
time of execution and pbysical terminal identifica~ 
ti~n. Note that access to the view, integrity, and 
protection def initions al so requires accesa to tbe· 
data base. 

Thi! Decompoaition component of the. INGRES 
arcbite=ture is responsible for the concurrency 
control, query optimization, and executes the join­
ing v~eration. This componedt invokes tbc needed 
utilit1es to create, sort, or destroy temporary or 
vcrmaoent relationa as required for tbe execution 
of the qucry. Note that tbe decomposition com­
vonent ruust read the schemA data to determine aize 
characteristica, and must read the databaae to 
obtain ~aluea for performing a join operation. ' 

'fbe one· variable query proceasor is responsi­
ble for access path selection on one relation, 
rctri~val of data from .th~t relation, application 
of a predica te, updating a ·relation. and rcturuing 
data values to.the user interface. 

Tbe utilities mOdify the scbema, reorganize 
the access patbs on relations, próvide' logical , bulk 
load and unloading,_ and provide some data diction­
ary facilities. The utilitiea thus ·read and wi'ite 
both the ·acherna and user data. 

1. 

Tbe System i architecture is generally 
described aa consisting of, three componente 88 
sbown in Figure 4.2 l'ASTR76), [BLAS79), [CIWIII!), 
The user interface could be a ~eoeral purpoae query 
language, SQL embedded in a PL/1 program or otber 

· user interfaces. · · 

The Relationai Data System (RDS) ie responSi-
ble for parsing, 'autborlzation, integrity con­
straints, catalogue management, and opti1iti.álti011. \t. 
Note that the p~rsing, autborizat.ionb and integrity :;. •· 
constrainta requ1re access to tbe se ema. Optimi- . , 
zation requirea accesa to the physical scbe:Oa. ?, 
Catalog management requirea the retrieval · and 
update of tbe aystem data whicb is also stored in 
relations. Tbe Relational Storage System (iSS) 
provides a ·•1record-at-a-time 11 interface for the 
relational data eyatém. RSS is responsible. · for 
searcbing indexes, retrieving and storing telation 
occurrenc_es in the database1 concur.rency control 
aod recovery. RSS supports Doth cluJte'red'-and non-, 
clustered indexes and linka between entity types~ · .. 
Uowéver, RSS makea no decisions about vhicb access 

·-
. ~.' 

'.·. 

paths to select¡ but instead is explicitly. directed 
by bigher leve directives. Note that RSS ia.'thua 
different than the INGRES one-variable (¡ueiy ·.·.pro-
ces sor. 

A major difference betveen the S}ratem' a:; and 
INGRES arcbitectures is that System R compiles'SQL 
commands tbat are embedded in a PL/1 . program. 

· Tbese commanda are compiled into specific access 
module~~; whicb are stored 10 the data: base •... As shown 
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Figure 4.2 The System R Architecture 
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pro~ra:m then mak.es 
:-eci!ll cxecut ion time interface whicb retr ievea 
:1e acceas modules from the database-. Those acceaa 

::;odulf!E make direct calls on RSS. 

4-4.3 Observations .. · 
Several observations are in arder regarding 

these architectúres and the uses of tbe~e systems • 

. 1. Monp[ocedürQl se( oriented relational inter­
t'ace9 make· a wide variety of end-user inter­
faces feasible.· System R can support ad hoc. 

· queries and PL/1 programa through -the· Rela­
tional Data 'Interface to the Relational Data 
Syst.em. · INGRES provides similar support 
through ita parser. That INGRES interface has 
been used to implement a diverse set of End 
User interf_a.ces su~h as CUPID and Ceoqucl at 
the University of Calffornia at Berkeley, a 
ulenu selection, retrieval and reporting system 
at Lawtenc~.Livermore Laboratory anda 8raphics 
orientcd database browsing system (SDMS) at tbe 
Comput~r Corporation of Americe. 

2. Existing low level DBMSs do not provide suffi­
ci~nt phyaical schema and actual database siEe 
info¡t.oa.tion to support the optimization of a 
h~gh levcl non-procedural interface. RDS of 
Systcm R and the Paraer 1 Decomposition 1 etc. 1 
of INGRES requircs extensive knovledge of tbe 
phy&ic."al ·and lOgical achemas and various 
inst.:m'ce Elpécific cardinalitiea af the user 
data in arder to optimize uaer queriea.. In 
addüion, · bóth systema require the ability to 
Úiodify the schema internally. Hoat Codasyl 
syst(!mS, IBH'·a lMS, or .Cincom's Total, in gen­
eral do not provide the needed physical schcma 
kno..-ledge ·at ·runtime and do not allow the 
dynamic updBting of sucb scbemas. Tbe record 
at ·a· ·tit~~:e interface. that lNGRES and System R 
use :aré tailored to support their . specific 
imp_l.?mcnta t.io'?s. 

3. l!:.it:isting· · DB~ interfaces to programming 
langtiages ·may, not provide sufficient logical 
GCbecS. information to support tbe gcne:ral pur­
pc,se ·· interpretive interface typically associ­
ated .... itb "relationaln aystens. For example, 
consider tb'c problem of supporting a user 
interface which simply accepta a record type 
and item(s) name(s) and performa a selection on 
the ¡·ecord type or a imply pr ints all of tbe 
record occurrences. The needed logical schcma 
i.nformation on the existence 1 type~ sud size of 
~ach of the nomed objects cannot be r~adily 
obtaincd from most CODASYL schcmns. 
Furthermore, the CODASYL COBOL DHL used to 
rP.trit!Ve "the record occurrences could not be 
rearlily compil ed (or precompil ed) at runtime. 
Some CODASYL and other low level implun~nta..;. 
tions may provide the schema information 
througb subroutine calla and may also . allow 
database navi.gation through subroutine calla. 
Suc~ calla, however, are not part of tbe 
CODASYL standard and are, in 'fact, implementa­
tion specific. Thus while a vendar might 
cxteud· ita system to support the relational 
model, a third party vend_cir or user group could 
not •. 

4. Bene.c.th the. Pn:rs~r interface of ING.RES and the 
Relational Data Interface· of System R, the 
architecture of the systems vary widely. Botb 
systems depc.nd . on direct knovledge oí their 
schem.ns, i.e.; they do not Use a "purely" rela­
tional interfncc to the schema· data.· Pcrhaps 
Ollt:.' oí the mo~>t draruatic diffcrences bctween 
thc ~>ystcm. nrchitecturea is th.at··systcm R com-

-~----· _. -----

,_ -·-· ......... ·-------·--ll .language embedded SQL 
commande wbile ia fully l.Dterpretive. 
Tbe siKnificance of thi1 discuasion to arcbi­
tecture ia that no interna! componente of tbe 
syetem could be easily interchan"ged. 

4.5 Candidate RDBMS Architecture 

Tbe arcbitecture sho\o'D in ~igure 4.3 Ü lu&.:. ', 
trat~a tbe componente and interfaces of a Rela­
tional DBHS vbicb may be suitable for standardiza­
tioD. Thos"e componente and interfaces are dis­
cussed in Section 4.5.1. That arcbitecture is com- :;:: 
pared to tbe CCA architecture in Section 4;5.2 and 
to the ANSl/SPARC DBMS framework in Section 4.5.3. 

4.5.1 A Propoaed Arcbitecture 

.In Figure 4.3, an arcbitecture or giÓUping of 
interfaces are presented. Eacb of the componenta 
is discussed below. Note tbat tbe lista of inter­
faces for · the varioue componente are for 
illuatrative purposes only. lt ia not claimed that 
the lists are complete or tbat all of tbe elements 
of tbe list are necessary. Tbe Class 1 DBA inter­
faces are tbose tbat deal with a database in its 
entirety. These could include: 

l. Tbe creation of a database 
2. The destruction of a database .. ' . 
3. Physical Database Dump, Restare . '. 

There ia nothing particularly relat.icinai .ab~ut 
these functions. Ihey probably should .nOt be ·par·t 
of a relational standard. · · 

The Class 2 DBA functions are those tbat 
define, destroy, or modify parta of a schema. 
These functiona include: 

l. ·Relation definition, destruction or modifica-
. tion , 

2. View definition, destruction or modifiCátion 
3. Access paths for or between relations' 
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5. Security constrainte • a standard interface at tbia level could be 

used to uniformly defirie tbe functiOnali_ty of 4 
Since-..tbese functions are tDodel dependent, Relatiooal DBMS without dependence on a ·particular 

they should be addresaed in a RelatioÍlal DBHS stan- query ·language interface •. Multiple user_ lDterfacea <; 
dard. baa_ed on different query languages could be ___ -.. 

separately atandardi'zed (and implemented)· on top ot .t. ··f 
The User --interfaces that could be addressed in 

a Relational DBMS Standard include~ 

t". U.1er Query Languagea (Retrieva~) 
2.- Set-orieoted Update Languages 
3. Logical Bulk Load and Unload of Relations 
4. RePort Gcnerator 
5 ~ tlae': Que~;Y··tanguage 8pplied to scbema data 

Note that these interfaces are model dependent 
because the operationa they apecify are on ~he 
objects in the model. Aleo note tbat tbese inter­
faC~s are prevalent in existing relational systema. 
Otber interfaces, aucb as specific progr~ing 
language i~terfaces, ·perbaps sbould not be con­
sidered for standard1zation since the individual 
LmPlemcntations differ widely. 

Clase 2 DBA functiona are combined witb the 
user interfaces becauae in e~isting rclational ayo­
teme U1e query language ia used in the def inition 
of viewa, integrity constraints, and view con­
str8i.nta. lt would seem approprlate, theref ore, 
that if an algebraic (calculua, etc.)· query 
language.' were standardized, that same standard 
should be· ueed in the ODA functione. 

37 

· ThP.' core- databas e bandler could al so be stand­
ardizé~. ;The · core database bandler would perform 
the fu¡-.·tions .of·tnapping logical access to physical 

· accesa .. _;for 'qúeriea and updatea, view mapping, 
integrity éontrol, aecurity control, optimizstion, 
and schema. management. Note that tbis interface is-

}_ an "interna!'~ interface-and-as ·suc.ti it& standardi­
zation·· 'shoUld b@ in the form of subroutine or pro­
cedure-.__ r:alls. Note al so tbat tbe retrieval and 
update · ~nterfa~és to the, database scbema are al~o 
:tandardlzable. ;In compar1son to the INGRES archl­
.:ectu::é, 'tbiS interface would be at a level similar 
to tb~ query modification component. 1~ comparison 
to th~' System R S:rcbitecture, tbis interface would 
be a h•v~:l inside the RDS, immediately following 
the parser. 

· Thcre are two major purposea in standardizing 
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Figure 4.4 The CCA StravmBn Architccture 

tbe CORE database handler interface. · ... -.. . . , .. 
Tbe second purpose in standardizing th'e COB.B ;:. 

databaae bandlfi:r interface is to próvide extensi- :,_f"· 
bility for innovative and nonstandard interfaces. 'f' 
Ihe availability of sucb a higb level interfaCe'·· in _1.'.~.-:; INGRES has reaulted in a wide variety of. grapbice· --~ 
interfaces • progrB.milling language interf8ceh f ábd ·~,; 
mt!nu se_lection forme interfaces bein~ built "on t.op -;~~: 
of 11 lNGRES. By standardizing tbe 1nternal inter- -·W' 
face, these special purpoae user interfaces could ·!·~ 
be designed to be marketed for standard relationa¡ p1~ 
DBMSs from a variety of vendors. As preViously '.t,l 
mentioned, it is the lack of a standard interna! · 
interface and inaccessibility of the schema data ·,~: 
througb sucb an interface that has bindered u'sera ·, .. ii· 
from developing higher level interfaces on tóp of ,¡ 
tbe existing CODASYL syatems. ;~,~-

?.'i· 

4.5.2 The CCA Strawman Architecture 

-~~¡ 

-:-~: 
,, 

The CCA Stra~n Architecture consiste of · 38 
componente which can be grouped into four majar 
blocks as shown in Figure 4.4. Ibis ··&rchitecture·. 
has influenced tbe design of the proposed .. RDBMS ··:· .. 
arcbitecture and in this section ~e review 'tbe 
differences. 

Ti!~_ Strawman Architecture sepai8t-e8 · · schema 
proceasors, DBA aids, and user interfaces into 
separate logical groupinga. In tbe RDBMS architec­
ture, the achema processorS are combined in· tbe 
same grouping as tbe user interfaces 'in order to 
reflect tbe fact tbat tbe user qucry languogés in 
many relational ·aystems are used in ceitain _\ types 
of schema definitions. 

Tbe RDBMS arcbitecture includes a subset of 
the user interfaces described in tbe strawman 
architecture. Tbe subset represente tbose 
interfaces common to many of the relational systema 
analyzed. Most notably lacking are tbe programming 
languages; interfaces. 

Tbe Relational DBMS architecture doea not 
include'DBA sida such as pbysical and logical·data­
base design tools as defined in tbe stra\ilfl.8n archi-­
tecture mainly becauae no such relational DBA aids -
were found in the !esture analysis. Sucb DBA aids 
are not prevented in DBMSs for relational or other 
modela. 

The strawman architecture and tbe RDBMS archi­
tecture both include a Core DB handler for standar~ 
dizing both the functionality of a'given' data model 
and the schema management of the model. Tbe 
interfaces differ in two important ways. Firstly, 
the strawman architecture contains a ricb set of 
record-at-a-time operators at the CORE DB handler 
level. Relational systems that were analyzed sup­
ported a mucb weaker set of record-at-a-time opera­
tions and •'the use of those operations varied widely 
from System to system. Thus, record-at-a-time 
operations are not suggested for relational stan­
dardization at this time. 

The second difference ia that tbe strawman 
architecture interface does not support special 
coaunanda f or da taba se management. Rather, the 
schema is to be atored in a database of its own and 
lhe usual dala manipÚlation operators are to be 
used for both retrieval and updating of the scbema 

-.-, 
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Some of the ANSI/SPARC internal interfaces (2, 
5, 14, and 12) specify object format· interfaces and 
correA'pond to the interna! RDBMS- interface to the 
CORE Databaee handler. 

':he retñáii-ling 
not ~rev8le0t or 
syatem~ or are not 

ANSI/SPARC interfaces either are 
uniform in ex.isting relational 

particularly model dependent. 

'!'be · two major conce'pts in the ANSI/SPARC 
architecture thát are not emphaeiz.ed in the pro­
posed RDBMS .arch'itecture are the conceptual model 
and role def initione for individuals. The Concep­
tual mode_l ia not .explicitly cmphasi:r.ed in the 
RDBHS · a'rchitecture due to the still open issues 
regarding.the conceptual model and that researcb 
into conceptual· modela has not stab'ilized. The 
role "definitions for individual& is also not ex.pli­
cilly· emphasiz.ed in the RDBMS architecture. In 
INCRFS, databa se users can create their own · rela­
tions, viewa, ·and accea·a paths. In System R tbe 
users can create those objecta and share them witb 
other'·uaCiS;. ·rn general, with dynamic sctiemas, tbe 
roles can become blurred and were not considered 
f:>r stan·dardiz.ai:.iOn. 

Tbe strawman architecture describes additional 
interna! componente including a pbysical database 
~rocessor and a file accesa processor. Tbese 
ln.terfaces were not auggested for a_ relational D~MS 
sta·ndard since tbese "interfaces vary· widely in ... tbe 
analyzed ~ystema and may not be particulatlt rijlá• 
tionAl in nature. 

4.5.3 Th.e ANSI/SPARC Arcbitecture 

The ANSI/SPARC architecture · specifiea · 42 
interfaces. The proposed RDBMS architecture sug­
gests.standardization of eome of tbose interfaces 
and introduces other "interfaces · not in~ the 
ANSI/SPARC arcbitecture. The source sctiema inter­
faces (numbera 1, 4, 13 in the ANSI/SPARC arctiit_ec­
ture) are identical to the RDBMS interfaCes in.-· the. 
DBA Class 2 grouping. The conceptual interf4.ce···(l) 
could correapond to the relation achema Bnd 
integrity constrainte interfaces. Tbe external 
interface (2) could coriespond to the viev,. scbema 
interfaces. The internal. scbema. interf8ce '(13) 
could. correspond to the physical sc;h~a ·inte·rfav~e;a .. 
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5. DEVELOPING A R~T!ONAL STANDA&D 

Tbe RTG has 'concluded that the development of 
q rel~tiOnal standard ia ~ustifiable on a number of 
roUnda. Section l of th11 report diacusaes three 

..toti~eB for a' ·relational standard, namely: 1) tbe 
appto¡a:iate time for introducing a etandard; 2) the 
deait-_e for an alternative approach to data defini­
tion, ~nipulatioU, 9uerying, and integrity; and 3) 
the i~herent .benefltB of tbe relational approacb. 
Sect~on 2 ::illuatatea the adequacy of relat~onal 
theory, _1.e.·,. tbe aoundneas of tbe RDM. Sect1on 3 
giv.!• a detailed demonstration of the . practicality 
of relational tecbnology and describes the features 
of impOrtant reBearcb and collmlercially available 
RDB~Sa. Finally, Appendix C indicates tbe atrengtb 
of intereat in the'DBMS marketplace for RDBMSa by 
li.ating over 75 aystems tbat are said to support 
aignificant aspects of the ROM. Although the 75 
DBHSs have similáritiea they do not all provide the 
same "relational" functions.lity. 

Ti:.e RTG · reco11m1enda that . a standard be 
.developed· for interfaces to RDBHSs. This section 
presente guidelinea, iasuea, and recommendationa 
for dev'eloping sucb a standard. 

5.1 

T! .• RTG' s pr imary objective was to. provide 
cleat ~uidance to a aubaequent technical committee 
while'J~ot Unnecessarily reatricting tbe possible 
altern&tivCa. -To do tbia, the RTG attempted to 
ident ify · i"Ssues · that arise in developing a re la-. 
tional ataDdard, to determine the poasible alterna­
tives • · and to out lioe their conaequences when pos­
lible. Tbe RTG did not attempt to resolve issues. 

The RTG 8pplied tbe following two simple 
guid~>liilea in.'' ita' investigation and atrongh ~ 
menda their applic3tion in the development of tbe 
relational standard. 

l. Conccntrate on RDM concepts and on tbe RDM ~ 
.!Jl.• 

2. Concentrate on the semantica or functionality 
of iDH concepta and of interfaces to RDBMSa. 

Thes2 guidelinea ·are elaborated and supported in 
tbe remainder of tbia section. 

Following the firat guideline, 
empbaaized RDM concepts and the RDM 
more general tapies such as: 

the .RTG 
per se over 

• Tbe role of the .RDM and RDBMSs in a DBMS arcbi­
tectural framework.- such aa !:he ARSI/X3/ SPARC 
prototypical architecture. 

• The iole of.a relational standard in a coherent 
fnmily of DBHS standarde. 

• The relationship of RDH and RDHBS concepts and 
terms witb general data model and DB~S concepta 
aÍld' t~rm •. 

However, the RTG identified iasuea concerning theae 
· topica whenever ~~t was posaible. 

The general topics received leas emphasia for 
'everal reaaons. First, the teneral topics are all 
pcn researcb problema, hence currently inappropri­

ate for standardization. Second, · architectural 
issues are, fo·r tbe moat J?&rt, independent of data 
modP.ls. The RDH can be 1mplemented following man~ 

DBH.S arcbitectural frameworlta and one aucb trame- 1 
· work can be u sed to implement different data modela ¡ 1 
(see Section 4) •. Tbird, dealing _vitb more general ; 
~opice m.ay result in an overlap and poasible .incOm­
patibilities witb the worlt of other standard& pro­
jecto (e.g., ANSI/X3H2, ANS!/X3H4, DBSSG taak 

· groupe addressing DBMS architectural, concepta and 
tcrminology, etc.). Finally, the.RDM"and ita -con­
cepte were emphaaized eince·a DBMS standard ahould 
not be based solely on the current atete .of DBMS 
technology in thia rapidly changing field. Tbexe !i · 
should be some empbasia on the conceptual baaia for 
the standard, tbe concepts that sbape the colllfDon .J': 
understanding of the RDH. A standard witb a~ch 8 1 

basia will accollmlodate the evolution· of hOtb the t: · 
technology and tbe standard itself. 

Following the second guideline, the semantica 
or functionality of RDM concepts and of interfaces 
to RDBHSs were· emphasiz.ed over topica auch as; 

• The grouping of functions (e.g., for data .. defin­
ition, manipulation, query, and integrit'f' coól. 
trol) into one or more langu~gca. 

• One or more of the many possible "ayntactlc 'vári­
ations of languages that s~ppor~ RJ?M_',concepta.' 

6 T~e embedding of RDM data ·déficitio"n~1 :~nipUla­
tlon, and integrity functións in host lan&uagea. . . . ' .. . . ~ 

Again, wheneVer it 
concerning these 
cusaed. 

was reaaoriable to do so, iasuea 
topica were identi"fied and die--: 

' . 

RDH semantica were emphasized · over, languagea 
and ayntactic isauea for a number · of 'reasOna. 
First, the RDM provides a baais for a wide ran&e of 
high leve! languages [CODD70J [PIR079l, a numtier of 
whicb are equally important to different classea of 
usera. Tbeae languages may be self-contaiued or 
embedded in boat languages. They may provide dif­
ferent representations of relationS (e.& •• ·aS 'seta, 
arrays, predicatea, or functions) 4nd different 
forms of operatora (e.g., based on relational alge­
bra,· tuple-oriented or domain-oriented relational 
calculus). Second, based on a· RDti · semantics 
s~ecification •. lan~uagea can be designed. (and poa­
&lbly standard1zedJ for particular user or applica­
tion needs. Sine e the languages are báse~d · ·on · · the 
same '--R~M semantics they can be re'a(fil,Y, perbaps 
automat1cally, tranalated from one. to -tbe other. 
Third, the choice of languagea and their relation­
ship is an arcbitectural issue wbich, follOwing·tbe 
~irst _gui~eline, is of leas consequence to the 
lnVe&tlgatlOD. 

Standardizing syntax without an adequate 
· semantic definition would not produce an adequate 
standard. Currently, the SQL ayntsx [AST.R76) is 
provided by four aystems: SYSTEM/R, ORACLE MRS 
and M.RDS. Eacb aystem implementa different ;eman~ 

· t~ca. For example,· each imposea different -restric-
tlona on the join operation. . 

rhe nature and development proposed for a 
relat1onal standard should be cons1dered in light 
of tbe CODASYL proposal, the only comparable DBMS 
staridards development project. The CODASYL 
de'velopment began over 15. years ago. At' that time 
database management system concepta were not widely 
known or dev~loped. Few DBMSa existed; bence there 
vas only limited user or application experience~ 
The CODASYL approach was based on one such system, 
~.ac~an's ID~. Cur:rently, the relational approacb 
18 w1dely understood. Over 70 RDBMSs bave. been 
developed but are not yet in widespread use • · 

Three· import~nt aspects of t~e CO . .oASYL 
d'evelopment are 1n marked contrast to the.two 
guidelines proposed for the development of the 
relational ·standard. Firat, the DBTG committee· of 
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CODASYL def ined a ape_cif ic synta:l. usiug a meta..: 
language an~ gave tbe semantics in Engliah proae. 
Sccond, from 1971 to 1981 the data definition and 
data· manipulation languages. (DDL and DHL) ..,ere 
dcvdoped. independent ly . bY scparate commit te ea. 
Thcre is. no·. higb levd query language. Tbird,.4 U 
111 thou~h aeveral DMLs were considered• (btJth self.Ji: \; · 
coi"1taioed and host-language embedded), , only tbe 
COBOL embedd;ed v~rsion has been dcveloped. The 
recent development o~ a FORTRAN embedded DHL has 
poeed cons.istency problema vith . respect to the 
COBOL DML. Tbe two guidelines are ·proposed for tbe 
relbtional standard to avoid these and other prob­
lemo in devetoPing a relational standard and subse-· 
quent iDteifaces to RDBMSa. 

lasúes c.o'ilc.erniil& the development of a 'rela­
tional standard can be classified into· those con­
cerniog RDM cotÍcepte and the RDM itself • and tbose 
concerning RDBMSa. RDM issues are discussed in 
Sectíons 2.1 and 2.3. Thia sectioo concludes by 
outlini~g several RDBHS issues. 

First the"r·e is the isaue of the possible spec­
trum of support of the ROM by a DBMS. The spectrum­
is ba·s~d on DBMS .featurea, on the oupported RDM 
concepts~ and · on tbe restrictions· placed on theiD. 
Two points ón the spectrum· are of interest for a 
relationa_l . standard: one indicating fully rela­
tional, 'the 'oth_er indicating nonrelatiooal. Tbe 
spectrum. between ·the tWo indica tes semirelational 
syste~r.s' _or _pe~rhaps those .languages or DBMSs _ that 
conform to"' tbe standard. How are these pointe to 
be dcf i ·· ·:<11 · Fully relational could be def ined as 
support: 1f ··~ll. core RDM concepts (see Chapter 2) 

· withont' ·es~riction. Nonrelational may include 
concepts •that· conflict witb or preclude some core 
RDM-~oncepts: ·¡f ~o,·what restricted support would 
still be considered in conformance with the stan­
dard? Could 8 DBMS be considered relational if it 
supporte~ rel_8.tional manipulation or query func­
tions 'but not data description functions? These 
issues ·remain unresolved. . ,····. 

A' DBMS thSt· placea restrictions on the join 
operJJ.tion· ma'y ··bé considered Bemirelation.al or even 
nonrelati<?nal. __ ln a fully rel8tional system 8 JOl.n 
is p~rmissible · between any two relations b8sed on 
union_ comPatibi-l_ity of the attributea on whicb the 
jo in .i..'B. base d.· As a conaeqtJ:ence, a rel8tion can be 
Joined with itself and relations can be ~oined in 
several ways 'if' there is more than one pa1.r of com-
patible attributea. ' 

Second, there are issues concerning the embed­
ding of sublanguages in a host language: Are RDH 
concepts supported directly in the host 18nguage or 
are they mediated witb hoat language .concefts 
thro~gb workapaces? How are general computatJ.OD 
operations (e.g., arithmetic) integrated with rela­
tiona-l_operations? Other · issues include~ Are tbe 
·operatora set-oriented or tuplé-oriented? What are 
:the ,reatrictions plac·ed_on defining, ac-cessing, and 
manipuhti¡;¡.g der~ved relations? Are static or 
dynamic dcrived relationa supportcd? What are thc 
mcchanisms for handling constraint violationa? Are 
.110nrclaLion81 DBHS features such as concurrcncy or 
tit•curit) visible i~ the language? Finally, is the 
languaKe relationally complete without relying on 

!,¡() 

iterati'on and recursion conatructl in tbe languaget 
Some of theee isaues and othera were considered in 
Chspters 2 and 3. 

Third, there are arcbitectural iasues that 
sbould also be considered but excluded ftom a rels 
tional standard. Architectural iaauea were dia 
cussed witb the first guideline. There are also 
basic questiona sucb as: What ia an arcbitectúrai' 
framework? What are tbe alternatives? There ia 
the issue of ma'ppings between relationa'l scbeinas 
and between a relationBl schema-and a nonrelationál 
acbema. Tbere ie tbe question of a conceptual data 

model. Tbeae and otber iss_ues are addr~~é'ed iti 
Chapter 4. 

Tbe RTG did not conaider in detail capabili­
tiea that are not directly related to the aDH, 
e.g., general computational operatione, privacy 
control, concurrent update, rollback, and recoverf·· 
The RTG doea not ·regard standard& activities 1n 
sucb areas as necessarily tied to a data uiodel~-;·· ~ 

.' '¡_ 

5.2 Recommendationa for ·a Relational Standard 

. . 1 
just_if iable because 1 l. A Relational Standard is 

of tbe: . '1 
1 

• Stability of the relational· apprOacb .· 
1 

• MarketPlace and educational interest: 
systems, considerable user inteieat' 

701 
1 
1 
1 

2. An initial Relational Standard should 
trate on: 

• RDH concepts.and the RDM ~ ~ 

• Th~ functionality or 8emantic8
1 

o'f 
cepta and of interfaces to RDBMSs 

.cf:?nCen-r 
1 
1 
1 .. , 
1. 

anH · con-1 

1 

3. An initial Relational Standa~d ~hoÚÍd ez.C'tude: 1 

• Architectural aspects 
1 
1 

. 1 
• Specific language design issues,,e.g., syn-1 

tax · 1 
1 

• Aspects likely to be tre'ated by otber stan-1 
darda, e._g. • data base dictionary / 

1 
• Non-data model as¡)ects o-f DBHSs, e.g., con-1 

currency, recovery, distribution, security,l 
physical storage aspects . · 1 

------~-----------------------~ 
Examples of functions that 

Rclational Standard Interface are 
A. 

might define a 
given iÚ ApPen~ix 

-~-

• 
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.\PPENOU. A. NATURE ·OF A RELATIONAL STANilARD 
. lNTF.RFACE 

The SD-_3_ P.ropo_se& the JOt8ndardizatioo of RDBHS 
interfaces. The functions that will constitute the 
ir:terf_a~_e-s ~il_l· s __ upport: 

1., _the def init ion of structures • 
i~t~~ri~y -~onstraints¡ 

do':lains, and --. 
2. the ~xec'ution of· query and altering operatione 

over relational databases in accordance witb 
1-) ¡ and 

3. access tO the definition 
domaibs, and constrainta. 

of structures, 

This 8pp€rid'ix des-cribes, briefly • examplea of 
fuOctions that mi~ht constitute the interface. 
Other seta of functlODS may serve equally well. 
Acc"ording to their purpose the functions are 
dlvided into th"ree groupe: 

l. database . schema definition 
domaió, and constraint. definition; 

structur~, 

2. óatabase operations -- deriving and altering 
relation valu~s; and 

3. achcma access deriving "information that 
defir,·o a relati'onal database schema. 

., .. 
The syntax u .Sed in the ex.amples is "abstract. 11 Many 
ditre~ent forma could ~e used equally well. 

A.l Interface Functions for Database Defioition 

This section presenta examplea of functions 
that have to be provided in one form or another, by 
an RDBMS in o'rdei "to accomplish a relational data­
base schema def inition. 

·l.fxample Al,------- 1 
1 . 1 
1 ~he.inte~fsce function 1 
1 . 1 
1 function dfn_domain (doma in id string 1 
j . . vaiue_set {val}) 1 
!defines .P iioníai'n by a set of Values, {val}, andl 
lidentifi:-."l · it by a string. Tbe value set may bel 
lgive'-;1 ~x."i-~.:;sionally, e.g., by {red, blue, :rellow}~f 
lor lDt~u'-.lonally, e.g., by the key word 11 1nteger'J 
lor by an interval {1 •• 999}. - · 
1 
)Example of function invocation: 
1 
)dí o doma in ("creditstatua'', 0 •. 999}). 
1 -

/~;! A2: ----- --. ---------~ 

1 1 
1 The interface function 1 
1 1 
lfunction d.fn_relation_structure -( 1 
1------r;} structure id : strinK ; J 
1 Bttribute set-: {< attribute id strinK, J 
1 - domain=id string>} ) 1 
1 1 
/defines a·relatiOn structure by a set of attri-1 
/butes, Le., by a set of ordered paira of attri-1 
lbute and domain identifiers. Furthermore, itl 
lidentifies the structure definition by a atring. 
1 1 
IExample of function invocation: J 

1 Example AJ.: 
1 . 
1 Tbe .interface.functioal' 

--¡-·-l 
.· 1 . 1 

1 . 
lfunction dfn relatio~ ·achema· ( . 

. 1 ' 
¡·· ·1 1 ret_scbema_id : string ; 

1 rel_structure_id : string 
1 h. h_ key_attribute_aet_ : · 

.1 ':1: \: {attribute_id : ·string} ) j 
1 1 
!defines a relation achema by a atructure defini-1 
ltion .and by a aet of. attribute identifier& tbat 1 
Jare to constitute ·the relation key. Furthermore,l 
1 it nemes the .acbema definition by a string.· Al 
lmore complete apecification of thiB functioa.vO~idl 
lrequire tbat tbe key attribute set is a subset of 
lthe attribute identifiera apecified in thel 
lcorreaponding·relation atructure definition. 1 
1 1 
IExample of function invocation: 1 
1 1 
ldfn relation schema ("supplier_acbema", 1 
1 - - "auppl ier_structure", 1 
1 {"anr"}. · 1 
1 1 

Additional functions are required for database. 
schema definition and f~r the deletion and altera-· 
tion of definitiona • 

lf the data structures that atore· a· ~acbema 
definition are defined as a relational database 
(subsequently called a meta or S"cbema databaae) the 
above functiona repreaent specific insert pro-
cedures for tbe scbema database. · · . ,. 

•. 
A.2 Interface Functions for Databaae Oper&tions . . . 

Tbe interface functions for database '"oPera­
tions are aomewbat more complicated.' ·we-'discuas 
some of the problema using a select operation aa an. 
example (an extension·of Example 5, Section 2.3 of 
the report): select the suppliera that eitber are 
located in Paria but not named Smitb,•or have a 
status different from 20. · ~ 

The selection criterion involved is 

{ (city • "Paris 11
) and (sname i:- 11Smith")) 2.[_ 

(status 1 20) 

Here we face the problem of how to parameterize 
sucb criteria. One solution is.to pasa tbe aelec­
tion criterion simply as a ~tring. Another solu­
tion ia to adopt, as a convention, a normal form in 
which any selection criterion is transformed'into a 
sequence of or-connected predicatea tbat are 
sequence6 of and-connected comparison terms* (our 
e:xample is already in that normal form). With this 
convention a aelection criterion can be represented 
as a set of elements where tbe elementa are aeta of 
ordered triples, e.g., 

{ {<"city", •, "Paria">, <"aname 11 /< "smitb"_>}-~ _ 
{<~status'', ~. 20>} } 

The interpretation Ot tbi& set is obv-ious:. -

- _Each tr'iPte representa a comparison ·term_. 

i 1 

i ~ 
l,,' 

1' ,, 
í ~ 

.¡ 
.' ,, 
i 
i. 
! 

'· 
1· 

¡. . 

¡ 
1 

- The inner seta represent predicates tbat are /, 
and-connections of these comparison_·terms~ 

The outer set representa a aelection criierion 
that is an QI_-_connection of these predi_cates. 

1 . 1 
1 dfn_reln tion_stru~ture( "sup~ 1 ier_atructure", · 1 ~, 

./ ' - {<"l:inr '• "suppliernumbers">, ·1 
/ · <"tmatJ;~e", "sup¡)liernumes">, 1 ¡1 
1 <"status",. "creditst.ntua">, / *In· formsl logic 'this normal form i's calle~ a di s-
I <"city". 1'citynamt-8">}). 1 junctivc normal fOrm. 1 
1 . 1 11 ·--,----·--·-,---------------- --·------------- _, l • 

. . . . , __ .· .. _.. .' . • .. _ ~·'' -. 1~7 -·--~-~__:_]~ 
·---~~¡¡m.¡!:~_>~ i'f~j'"ll"t~."l'·":!"'k.;j t.'"-'!t.;..1 .,,-;¡I:,¡•,·~L'"'C:' ti·-:::.,;.~;;·-"'·· ±,Oc,~===~_:_.:_ _______ ~.:_---'~--·-------



· Tbe followillg · interfaCe function uaee 
· type· of. parametei' to pasa. selection cr_iteria. 

ll'::.tampl e A4; 1 
1 1 
lfunctiop- select ( . 1 

\ 
· · . - · source relation id : string J 

selectTon criteFion : 
1 ·- {{<lh-;_id, cOmparison_op, rhs id>}}; 1 
1· result_relation_id :- string ) - \ 
1 . 
I(Jha .. left: b_and side, rhs • ri&ht hand side) 1 
1 ' 1 
1Thi8 fuaction requires the neme of a source rela-1 
ltioo, a aelection criterion, and an identifier forl 
la (temporary) result relation. 1 

~E~pl~ of function invocation: \ 
1 1 
lselect ( 1'suppliers'' 1 

\ 
{{< 11city",• ''Paria"> <"sname",;.,"smitb 11 >}, 1 

· {<"statuslt,;., 20>} J, "temp_relation':) •. 
1 1 

.. .. Tbe def inition of the above function can be 
gener&lized by .extending 

- ih~ firat_ parameter to be a aet of source rela­
t i "" idéilt if ier s • and 

- the second parameter to accept selectiqn cri­
te.u.a that include quantifiers*. 

Whei'eaB the ·first definition of the select function 
directly ·supports the select operator of the rela­
tional algebra, the extended definition provides 
the .basic ·Bupport for a ~ language in the rela­
tlorial' calculus approach. 

'··: '·
1

· .Additional functions are required to 
Projection (for both the algebra and the 
approacb) • "j!lin, un ion·, difference, and 
(tbese function·s are required for the 
approach only)'. 

The interface functions for the 
op•~rat ions are straightforward. 

support 
calculus 
divisioo 

algebra 

altering 

l~ample &: 1 
1 . ' 1 
1 f\•oc t ion insert ( lhs_rela tion_id str ing ; 1 
~---- rhs_relation_id string) l. 

\ 1 
1 The second parameter identifies a set otl 
ltuple values to be inserted into the relation thatl 
lis identified by the first parameter. Tbe tuplel 
lv.alues to be inserted may be given by a temporary 1 
lrelation reBulting from a database query or by al 
/set of new tuple values provided by the user (seel 
IExample 11 in Section 2.3 of the report). · 1 
1 1 

Dele te and replace func.tions can be def ined in 
a Bimilar way. 

A .3 Interface Functions for Data base Scbema Access 

A third class of interface functions 
access to a database schemo definition. 

provides 
Access to 

*In formal logic n corresponding normal form ~s 
•'C3lled prenex disjunctive noriDal íorm. 

information ia ·required for a 
reasons. , For· example, scbema information 18 . l{¡:; ·': 
required to check if an.altering operation is legal 
(,i.e·. • does not viola te any of the structure 
doma in, an.d integrity constraints.). • :~' 

If the database scbem.a information is stor'ed 
in a relational meta database the interface func­
tions defined in the previous section can be used 
to access the meta database. Tbe subsequent e~­
ple follows thi& approach. 

JExample M_: 1t 
1 1 :. 
1 L 
1 By Example A2 we sketched the structureJ 
ldefinition of a "suppliers 11 relation. If the metaf 
/database had a relation, 11 relation_atructures" 1· 
lthat holds all structure definitiona this (met8 j¡ 
/relation may have the following value: · 1 
1 • 
1 (meta) relation "relation_structure~.i': '1 
1 1 
/attribute names a~d relation value: J 
1 '1 
1 ' '• 1 
1 attribute 1 
lrelation_atructure_idl _id 1 domain_id J. 
l---------------------l--------1~~~--------------- 1 • 
11 suppl~er_structure 1 snr 1 :auppl'ie!nuD:lber's 1 \ 
11 suppller_atructure sn8me 'suppliernames · 
1 j supplier_structure 1 status 1 creditstatu·a ,J :¡ 
1 j supplier_structure 1 city 1 citynames 1 1 
1 ~ part_structure 1 por 1 1 1 
ll 1 1 • • • 1 1 
11 shipment_structure 1 qty 1 • • • 1 • 1 
11... 1 ••. 1... 11 
1------------------------------------------------- 1 
1 ' 1 
IAccess to the structure defioition Óf relationl 
l"suppliers" (as, e.g. • requir_ed by, the legalityl 
!test for an insert operation, see Example'll, Sec-1 
ltion 2.3 of the report) Can· be aC.hieved bY tbel 
:select function defined above. 1 
lselect ("relation_structures 11

, 1 
1 { <"relation_structure_id 11

1 ~. · 1 
1 "aupplier_structure">}, 1 
1 nactual_structure 11

) 1 
1 1 
IThe reaulting. value of the , relationl 
1 "actual_structure" will be 1 
1 1 
lreault relation value: J 

1----------------------C-------------------------- 1 
JI aupplier_structure 1 anr 1 suPpliernumbers 1 .1 
11 suppl~er_structure 1 sname 1 suppliernames 1 1 
1 ~ suppl~er_atructure 1 status 1 cceditstatus 1 
1 f supplier_structure 1 city 1 citynames 1 1 
:---------------------------------C--------------- 1 
IThis result can be uaed to determine, fOr example,l 
/the number of attributes or tbe domaina of thel 
l"suppliers" relation. 1 
1 1 

In this ap¡¡endix we sketChed ihe meaning 
(semantica) of some interface functions uaing the 
English language. The level of precision that can 
be achieved by informal or semi-formal definitions 
is considerable. There are; however, important 
nrguDients {compare Section 2.1 of the report) to 
supplcment a nonformal definition of a standard by 
a formal and precise apecification. The definition. 
of the ROM provided in Appendix B can serve as an 
cxample of a formal ·specification. 

1 
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RDBVALUE (RELID -..-> RllVALUE) 
The· '.Vienna DeveloPment Method' (VDM) [BJOR78, RELVALUE A! O • • SETREP PREDREP !' 

.MESO) is · uaed to specify form.ally the aemontica · SETREP ':i C TUPLEVAL-~ 
,-;f ihe ·. Relational Data' Model (ROM). A VDH.! PREDR.EP •' TUPLEVAL-Pred 
~ipecification consista of three parte: TIIPLEVAL (ATTRlD -m-> DEH) 

J. ThE S~mantic Domaina define a atructural model 
for all ""objecta of intereat' and their com­
ponente. 

2. The Synt8ctíc.Domaina d-efine th~ namea of all 
operations aDd a atructural specificatioo for 
each ·Of theit operanda~ 

3. The Elaboration Functiona define the semantica 
of .all operations introduced .by the syntactic 
domains.· 

A.dditional constraints may be .introduced either by 
St.atic Consistency Constraints, defining whether a 
-;emññtic object. is. well-formedu, or by Dynamic 
Consist'ency Constra'ints, stating whetber a syntac­
iic object is 1'\IH_l-applied". 

Auxiliary Functions may be used to improve the 
concisencss and·reüdability of a definition. 

&.1 S~ma~t.i~ Domains for Relational Databases 
·. 

Tbe ¡··'liD ob]ect specified ia a Relational 
Database, ~ELDATABASE. lt consista of three parta: 
~ doma1n definition, OOHAINS¡ the · 'database 
schema, ·-RDBSCHEMA¡ and the database value, 

. RDBVALUE., 

A ~Sin definition ia modeled as a mapping 
from thé set of domain identifiers, DOMID, to the 

· associated domainS, DOM. A domain is a set of 
atomic dom.si~ el.ements, DEM. 

A Database SChema defines tbe 'structure' of 
the. datll base~ ·RDBSTR, and the constr_aints, 
RDBCNST& 1 to be'maintained o~ the database. Tbe 
database structure defines for eacb relation of a 
databa8e-·a· relation' Scbcma, RELSCHEMA, and a rela­
tion identifierJ RFJ..'lD. A relation scbema is given 
by the rclation a structure, RELSTR, and by rela­
tion constraints, i.e., the key attribute identif­
iers. 

A Database Value, 'RDBVALU~, is defined by the 
relation values. A relation value, RELVALUE, is 
represented in two ways: a_s a set of tuple values, 
11.1PLEVAL.:.~, and · as a predica te def ined over all 
possible tuple values, TUPLEVAL-Pred. · 

ldentifiera are not· further specified and 
tberefore are coosidered as 'TOKENS'. 

B.l.l Abstract Syntax 

RELDATABASE 

RDBSCHEMA 
RDBSTR 
RELSCHEMA 
R>:LSTR 
TUPLESTR 
HELCNSTR 

IlOMAINS 
DOM 
l>EH 

:: RDBSCHEMA RDBVALUE 

RDBSTR DOMAINS RDBCNSTR 
(RELID -m-> RELSCHEMA) 

RELSTR RELCNSTR ' 
TUPLESTR 

(ATTRID -m-> DOMID) 
KEYATTRID-§.ll 

(DOMID -m-> DOM) 
DEM-Set 

DOHID 
RELID 
ATTRID 
KEYATTRID 

• 

• 

TOKEN 
TOKEN 
TOKEN 
TOKEN . 

8.1.2 Static Consistency Constraints 

is-vf RELDATABASE(reldatabase) • 

. ~ ... 

~ mk-RELDATABASE(rdbschema,rdbvalue ) be reldatabase 
in~ mk-RDBSCHEHA(vdbstr,domains) • rdbschema 
--in -dom rclbstr • dom rdbvalue ' · 

snnv relid e dom rdbvalue} . 
(ia-wf-Relation(rdbvalue(relid) , 

rdbstr(relid) , domains )) 
~ test-rdb-constraints(reldatabase) 

llJ!ll' RELDATABASE --> BOOL 

test-rdb-constraints(reldatabase) • 

llJ!ll : RllDATABASE --> BOOL 

is-wf-RELATION( rel'value. relscbema. doma in a} • 

let mk-RELVALUE(set.rep,predrep} be reivalue , . 
mk-RELSCHEMA(relstr,relcnstry-be relschema · 

in kt_ mk-TUPLESTR( tuplestr) M relstr·. · · 
. in !.!!.& tuplestr ~ dom domains .. 

.!!!!! relcnstr ~ ~ tuplest_r 

.!.!!4. dom predrep • .. · 
lr.ttrid --> d,.. 1 1-
attrid e dom tuplestr {nd 
dem e doma-rñs(tuplestr attrid))} 

~ setrep • 
{tupleval 1 tupleval 6 dom predrep 

~ predrep(tupleval} } 

!!!!&. test-key-constraints(setrep,relc~str) 

RELVALUE RELSCHEHA DOMAINS --> BOOL 

.test-key-coostraints(setrep,relcnstr) • 

~ relkey ~ relcnstr 
ic (.Y tupleval,.tupleval' e a·etrep) 

{{tupleval 1 relkey • tupleval' 1 relkey) .•••> 
( tupleval • tupleval' )) 

llJ!ll SETREP RELCNSTR --> ·BOOL 

B.2 Syotactic Domains for Relational Databasea 

Tbe basic database operations are queries
1 ~'- and _relation al ter in& operations, Altop. 

1 

1 

1 

l. 
! 1 

'· •! 
) ' 

1 
' 

* 
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li 
'' 

selectiona , 
un , •• ~ ( fn algebraic 

or ;relat1onal calculua expressions' (in 
tbe calculus approacb). Operands for tbeae opera­
tiona are eitber relation expresaions, Rel,·vbich 
ue built up (rec'ursivelyl) by. other queriee, • ..or 
'externa!' relations• E.X'trel,,.~·from outside tbe 
databaae. Al-'rename' operation; Rename, is apeci~ 
fied .to _a_cbieve p.oique attribute identifier~ for 
rl!lational opera_n~a. 

An altering' 'operat~on, Al top, tak.ea a rela­
tion¡ !lelt and _altere t e value of a database rela­
tioa ideatified ·by ita name, llELlD. 

B.2.1 Abstract Syntax 

Op 

Query 

' 

Selection 
Selpred 
Jo in . 1 

• 

Projectfoñ 
Attridoi' · 
Unioli' ' · . . . . .' '; ·. 
Ren&De 1 • • 

Bije~tio!l 

• 

• 

• 

• 

· Calc-ExPI-.!aa ion··:·: 
Tar·ge't.'attricla· · • 
Sourcerela · . • 

. Altop • 
Ineert . . 
Delete .. 
Replace .. 
Rel-' 
Extrel ... 

Query 1 Al top 

llELlD 1 Selectioa 1 Joia 
ProJection 1 Union. 
Div1eion 1 •• • 1 
Rename 1 Calc-Expression 

Rel Selpred 
TUPLEVAL-!'W 

1 

·llel ATTillD llel-ATTillD 
Rel Attr.ida 
ATTillD--ª.§.l 
llel llel 

ae1 Bij eCt ion . · 
(ATTillD <-m->A;TillD) 

Targetat.trida SoUrcerels Selpred 
ATTillD-§.ll 
llel-m 

Insert 
llELlD 
llELlD 
llELlD 

1 Delete 
llel 
llel 
llel 

1 lleplace 

Query 1 Extrel 
llELVALUE llELSTil , 

J 
B.2;2 Constraints: .... :~; ·''UDic Conaistency 

is-wf Op(op)·• 

(ia-Query(op) ---> ia-wf-Query(op) , 

io-Altop(op) ---> ia-wf-Altop(op)) 

Op· -. -> BOOL 

ia-wf-AltoP<altop) • 
' 
i let relid .!!.!:. a-llELID(altop) , 

rel be .1-Rel(altop) 
ja ia-wf-Rel(rel) aad 
... compatible(relid,rel) 

~ : Altop ---> BOOL 

is-wf _Ouery( guery). • 

.ca~ query : 
{;~-RELID(relid) ---> relid 6 ~ llDBVALU~, 

mk-SelectioD(rel,selpred) --> is-wf-Rel(rel) nnd 
· dom selpred • dom extract-pre~rep(relr-; 

~ tplotr be rel) 
tplatr'M tpl-structure(rel'$ 

~ ia-wf-Rel(rel) 8nd ia-wf-Rel(rel') aud 
attrid 6.-dom tplatr and attrid' --...... 

1' -- -- . 
1 El dom t~letr'"'' 

tplsfr(attrid) • tpls'tr'(eti"rid ), and 
dom tplatr n dom tplatr' • ( ) . -

. : i- -· ' ... --. . .' . .·."··-'''"'' 
mk~Projection(rel,a~trids) ---> .is-Yf-Rei( 

· . ! ¡ aad a <tuda!; ~ tpl-at,,uctu1:e(reÍ.) 

· mko~ni.on(r~l.rel ') --> is-vf~Rel(reÍ) .· -. 
and is-vf-Rel(rel .. ). · 
~ co~patibla(rel¡ 

1 ' • • • 1 
mk-D1Vl81~D 

••• i 
¡ 

mk-Rename(rel, bij ection) --> 
is-wf-Rel(rel) and 
do'm bijection • dom tpl-str.uctUre(rel). 

mk-Calc-Expree~ion(tar'getattride,e~ur~erel~,~e 
---> . 

(V rel 6 oourcerela)( ia-wf-llel(rel)¡' and 
(Y_rel,rel; El &ourcerele)((rel ; rel;~a~) 

(dom tpl-structure(rel)n · -;· .· 
dom tpl-structure(rel') • ( } ')) . · 

.!.!!!!. targetattrids e {attrid 1 .. ; . ·'! : 
1 

- attrid 6 do~· t pl-a•tn,ct:u¡·e(rÓl) 
) 1 ~ rel 66ourcerela 

~ dom eelpred • · ·:- ·•··· 
, ft.upleval 1 .!:!..·. •.!!. tupleval

0 
1 -• · • · · .· •••. :.::~_~rt 

1 
; tuplevali 6 dom extract-predrep(rel·) · 
'and rel i 6 sourcerels · · 1 · . • :..;~ ·r:¡-t~i 
] and 1 ,i i ~ n • card sourcerela } . -~ ~,~f~H~; 

~ Query---> BOOL '-!, .· 
. ~-·Y,.; 
. .. 

is-wf-llel(rel) • 

( ia-Query(rel) -> io-wf-Query(rel) '· 
is-Extrel(rel) ---> 

.!.tt mk-Extrel(relvalue,relstr) be rel . · 

.!!!. let relcnstr be dom mk-nrPLESfR(relstr)· 

: .l· , • 
~. -·. 

¡·: 
".' ... , 

in 'is-wf-Relation( re 1 value 1 mk-RELS.CHEMA(relstr • 
relcnstr) ,DOMAINS)) ,. · _ -

~ llel ---> BOOL 

compatible (rel.rel') • 

tplstr .!!.!:. 
tplatr' li 
tplstr • 

tpl-structure(rel) , 
tpl-structure(rel') 
tplstr' 

~ : llel Rel --->BOOL 

~-structure(~) • 

( ia.,Quer~(rel) ---> 
mk-ll~LID(relid) ---> 

~ rel.:· :" · .. 
mk-TUPLESTil(o-RELSTil(s-llDBSTil 
(~ llDBSCHEMA)(relid))) , 

mk-Selection(rel', ) --> tpl-st~uctu_re(r_el') , 

'mk-Join(rel' ,_· ,rel", ) --> tpl-structure(rel ') Jt 
· tpl-structure(rel 11~ • 

; '·.'. 

· mk-Projection(tel' ,attrids ) ---> tpl-stiucture(rel') 
1 attrida , 

mk-Union(rel' 1 ) --> tpl-structure(rel;) -, 

·¡ 
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auc-ui.YI.SlOil 

~-Rename(rel',bijection) ---> . m tplstr ,ll tpl_-stz:ucture(rel') 
lD (~ttrid ---> dom1d 1 
- attrid' • bijection(attrid) and 

attrid 6 dom tplstr ~ doaid • tpl•tr(attríd)] 

wk-Calc-Expression(targetattrids,eourcerela, ) ---> 
~ tplatr be tpl-atructure(rel¡) ~ ••• 

· ~ tpl-atructure(rel
0

) 
e.t. reli G sourcerels- · 
~ 1 < i < n • card aourcerels 

· ..!.9.' tplstt 1 tar&eta'ttrida- ) 

is-Extrel(rel) ---> mk-TUPLESTR(•-RELSTR(rel))) 

Utt : Re! ---> TUPLESTR 

B.J Elaboration Functiona for Relational Databasea 

The meaning of an operation ia specified by: 

- An evaluation function, eval-~, · if tbe 
operation ia a query. Tbia function statea 
whicb rclation ·value, RELVALUE, ia computed as 
the i"eaúlt of a query •. 

AD. ·interpretation function, ill-Altop, if tbe 
operat1on is an altering operation. This func­
tion specifies the changr.a of tbe. actual data­
base value, RDBVALUE, cauaed by the interpreta­
tion of that relation alteriog operation. 

elab-úp(op) • 

caBea_-Op: 
(is-Query(op) ---> eval-Query(op) 
is-Altop(op) ---> int-Altop(op)) 

~ : Op ---> RELVALUE (RDBVALUE --->RDBVALUE) 

¡ . . . . 
eval-Query(guery) 

l!u_ sétrep ·be extract-setrep(qu~ry) 
1 · predrep be extract-predrep(queryJ 

jJ! illk-REVALUEfsetrep,predrep) 

. ~ : .,Q'u:~ry ---> RELVALUE 

in~-Altop(altop) • 

. caBes altop : 
(mk-Inserdrelid,re1) ---> 
.ill se trep be 

extract-setre.p(relid .Y. extract-aetrep(rel) , 
predrep be extract-predrep(relid) 

or extract-predrep(rel) 
~ 1!1 relvalue-be mk-REVALUE(setrep,predrep)· 

in.RDBVALUE :• e RDBVALUE 
- . +-l~ehd -> .relvalueJ, 

mk-Delete(relid,rel) ---> 
let Getrep be extract-aetrcp(relid) 
--- . -- \ extract-setrep(rel) 

predrep be extract-predrep(_rel id) m 
not extract-prcdrep(rel) 

in let relvaTüe ~ mk-REVALUE(setr~p,predrep) 
-- l~RDBVALUE :• e RDBVALUE 

- +Trelid -=::-> relvalue), 

extract-setrep(rel) ·• 

(ia-Query(rel) ---> ~ rel : 
(mk-RELID(relid) ---> a-SETBEP(¡;_ RDBVALUE(relid)) i 
mk-Selection(rel' ,selpred) ---> . · 

{tupleval 1 tupleval 6 extract-aetrep(rel') 
aod selpred(tupl"eval)} , 

mk-Join(rel' ,attr id', rel ", at tr id") --)' 
ill aetrep' be extract-setrep(rel ') , 

setrep" be extract-setreft(rel") 
.!!!. {tupleval' .!!. tupleval' 1 · 

tupleval' G setrep' and 

i': ,, 
:t 

tupleval" 6 setrep" and 
tupleval '(attrid') • t:;;plev~l '!(a.ttiid'?), 

mk-Proje~tion(rel' ,attridq) ---> 
Üupleval' 1 tupleval' • tupleval , 

· 1 attrids and 'i 
~UplevalTextra~t~s~trep(rel ')} •. 

mk-Ynion(rel, rel") --> extract-aetrep( rel') 
.!!. extract-aetrep(rel "), 

mk.-Division 

. . 
mk-Rename(rel' ,bijection) ---> 

Hattrid' ---> dem . . 
f attrid' • bijection(attrid) ·.!!!! · 

attrid 6 dom tupleval and .· 
dem • tuplevsl(attrid)¡--. 
tupleval G extract-·aetrep(rel') 1 

., ! 

mk-Calc-Expresaion(targetattrids,Bourcerels,selpred) 
---> 

let prodset be {tuplevall .!! ••• .!!. tupleval
0 

1 · 
tuplevali G dom extract-setrep(rel 
~ reli G sourcerela 
and 1 < i, < n • card ·aourcetels } 
tuplevil' = tupleval 
targetattrids and 

in {tupleval' 

tupleval 6 rrodset ª)d 
selpred(tup eval) } , 

is-Extrel(rel) ~--> s-SETBEP(s-RELVALUE(rel))) 

~ ; REL ---> SETREP 

extrsct-predrep(rel) • 

(is-Query(rel) ---> cases rel : 

(mk-RELID(relid) ---> s-PREDREP _(¡;_ RDBVALUE(relid)), 

mk-Select (rel' ~ selpred)· --> extract-predrep(rel') 
and se lpred • 

lilk-Join(~el' ,attrid' ,rel",attrid") --> 
"'Iet predrep' ~ extract-predrep(rel'). , ' 
-- predrep" be extract-predrep(rel ") . 
in {(tupleval....-u tupleval") --> 
- predrep'(tupleval .. ) and predrep"(tu¡)leval") 

aod tupleval '(attridT• tupleval "(attrid!') 1 
tupleval' 6 dom predrep' ' 
~ tuplevallT"'""G dom predrep"], 

.. ' .. 

'·. ...-. 

1 
' 1 
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>OD 
l.U. predrep ~ extract-predrep( rel') · 
.i..a [tupleval --> predrep(tupleval) _1 

:._ tupleval' • tupleval 1 attrida .!SS!, 
tuple-val e &2.!!! predrepJ • ' 

mk-Unio~(rel' ,rel_") --> extract-predrep(rel"') .Q.I. 
extract-predrep(rel_") 1 

mk-Division 

mk.:.Rename(rel' ,bijection) ·--> 
.W.. predrep ~ extract-pr.edrep(rel') 
J.ll ( tupleval ~-> predrep( tupleval) 

tUpleval' • [attrid' ---> dem 1 
attrid' • bijec'tion(attrid) and 
attrid e ~ tupleval rnd 
dem • tupleval{attr_id) 

and tuplev&l e ~ predrep ) , 

·~-. 

• 
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52 
An objective of tbe RTG waa to evaluate tbe 

state-of-tbe-art concerning DBKSI tbat are claimed 
[o aupport aspecta of tbe RDM. The RTG found tbat 
over ·60 DBMSa ver'e claimed to aupport aignificant 
Sspecta of 'tbe R.DM. Due to limited reaourcea, a 
detailed analyaia of all aucb ayatema waa not poa­
sible. Tbe Relational DBHS Survey vas conducted io 
evaluate tbe state-of-the-art in bread detail. Tbe 
survey attempted to determine the extent of deaign, 
development, and use of Relational DBHSa (BDBMS). 
Jt waa intended to: 

1. identify all msjor RDBHS development efforta in 
botb reaearcb and com:mercial settinga,:,and 

2. cbaracterize each .effort briefly in tenas of 
int~i!acea,. availability and extent of' use. 

C.l Performing tbe Survey 

The Jt'fG solicited tbis information tbrougb 
aOnouncements and presa releaaes to trade and 
academic periodicals, by letter, ·and at databaae 
conferencea. Sbortly, after tbe RTG's formation, 
an announcement of the RTG's cbarter and a request 
for informatio_n , on RDBMSs vas placed in a variety 
of publicatioDs (e.g., SlGPLAN Notices Volume 14, 
Number 12, December 1979, and Performance Develop­
ment · Corporation Databaae Newsletter Volume 7, 
Number 6, November 6, 1979). 

In January 1980, tbe RTG announced the aurvey 
·and feature analyaia and solicited contributiona by 
means of the folloving SPARC presa rele~se: 

,, 

i ANSI Task Group Solicita Input 1 
1 Tovards Relat1onal Standard 1 
1 1 
1 Tbe Relational Databas e Taak Group of. the 1 
IANSI/13/SPARC Databaae Systems Study Group ial 
linvest;gating the_justifiability of a standard forl 
lrelatio~l data base management systems (RDBKS's).l 
llt will identify or estsblisb: 1 
1 • a w.-.:dr.ing definition for the relational datal 
1 bas~.model; · 1 

.1 • the -:ole of the relational data base modell 
1 appropriate for standard& development (e .g·. ,1 
1 relational languagea); 1 
1 • termiDology and concepts for tbe relationall 
1 data b8se model; and 1 
1 e tbe relationsbip of a RDBMS standard with otbeil 
1 ·software Standard& that exist or are inl 
1 development. 1 
1 1 
1 The task group solicita comments, positionl 
!papera, and reporta on relsted research andl 
ldevelopment projects, &nd on exiating and proposedl 
IRDBMS'a- and relational languages. Responsea! 

lreceived by January 31, 1980 will be used i.n thel 
development of a survey and feature analyais of 

IRDBIIS'a to be pub1isbed in 1980; · 
1 . . ' 1 
1 Submissions should be sent to eitber of tbel 
ltask group co-chairmen: 1 
IHicbael L. Brodie Joachim W. Schmidt 
IDepartment of Computer Fachbereicb lnformatik 1 
1 Science _ Univera itaet Hamburg ·. · 1 
IUniversity. of Maryland Scblueterstr. 10 1 
ICollege Park, Maryland D-2000 Hamburg 13 · 1 
120742 U.S.A ' West Germany , 1 
1 \361) 454-2002· (040) 4123-4164 1 

.. ·' .-
' ~ . .. . 

--~---;~: ·;re~~·;;;~••e -vaa videly . -~~¡.t~-;~~te;·:.:;·--~~~[ 
vaa included in: Performance Development Corp. '1 
Databaee Nevsletter Volume 8, Number 1, January 
1980; SICPLAN Noticea Volume 15, Number 2 February 
1980¡ Commun1C8tlone of the ACM Volume z3. Number 1 
2, February 1980¡ and many of the trade publica-
tions such as Computer World. 

Reprelentativea of twenty two systeme 
reafºDded to. tbe presa releaee. Tvelve resrondents 
ultLmately completed a detailed feature ana yais of 
tbeir system (see Section 4). The RIG felt that 
many other aystem.a existed for which · no response 
vaa received. Hence, tbe aurVey became independent 
of the feature analyaia. A oné page· questionnaire 
vaa created and the following presa release vas 
i••ued by SPARC in Karch 1981. 

1 · . Survey of Re1ationa1 DBIISs , 1 
1 by- X3'a Relational Database Taak Group 1 
1 1 
1 lmplementors of database management systemal 
I(DBMSs) supporting aspecta of tbe relational datal 
lmodel are being invited tO COmflete 8 brief 1 · one 1 
)page queationnaire to deacr1be tbeir systems.l 
IThia survey is part of an investigation by X3'sl 
IRelational Database Task Group (RTG) into tbel 
lpotential standardization of tbe relationall 
lapproacb · to data bases. Tbe survey will bel 
lpresented ~o X3 soon after it- is compiled in earlyl 
IJune 1981 1n support of a future DBMS standardiza-1 
ltion development effort of the American National 
IStandarda lnstitute (ANSI). 
1 
1 
1 
1 

The questionnaire must be obtained before 

lby writing:to: 
1 
1 
1 
1 
1 

Harrison R. Burris 
Neotecbnic Industries loe. 
P.O. Box 277 
Redondo Beach, CA 90277 

IOnly those ·completed. questionnaires received by 
1 
1 
1 
lvill be included in the survey resulta. A copy of 
lthe survey vil1 be sent to all contributor&. 
1 
1 . For furthei ~nformation telephone tbe RTG 
lcha1rman,. Prof. M1cbael L. Brodie at the Univer-1 
Jsity of Haryland, 301-454-2002 or Harrison R.l 
IBurris at TRW Defense and Space Systema GrOup,l 
!Redondo Beacb, CA, 213-535-1047. 1 

The presa release vas widely publisbed in 
trade and academic periodicala (e.g., SIGPLAN 
Noticea Volume 16, Number 5, May 1981). 

The folloving cover letter and questionnaire 
vas mailed to all respondenta of botb presa 
releases, RTG members, and individual and or&aniza­
tions known to the RTG to be candidates for the 
survey. 

1 
!American National St8ndards Committees 1 
IX3 -- Computers and Information Processing 1 
IX4 -- Office Machines Supplies 1 
1 . . 1 
loperating under tbe procedures of the 1 
!American National Standards lnstitute 1 
1 1 
IHarch 24, 1981 1 
1 J 1 
IDear Colleague: 1 
1 1 
llaiplementors a·f relational data base · managemedtl 
lsystems are being invited to .complete ~he att~chedl 

>-
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questionnaire mua~ be returned to: 

Harrieon R. Burria 
TRW DSSC 
One Space Parlt, 114/2740 
Redondo Beacb~ CA 90278 

latar than 31 July in order to be included 
alirh!y resulta. A copy of the stirvey will 

aerit to all contributors after preaentation to 
aometime in October 1981. · 

Sincerely, 

is·on R. Burris 

,. -· 

1 OUESTlONNAIRE 
IThe-Relational Iask Group will use tbia question-1 
lnaire to construct a roater of relational databasel 
laystems. Your aasistance will ensure a morel 
ltborou¡b job; please complete as mucb of the ques-¡ 
1 tionna1.re as poesible. 
1 1 
1 1 ,t.· Neme of ~ystem:_ J 

j 2. Name of_ vendar/implementar: ________________ ___ 

1 3. Contact_ perseo (name, addresa, and phone 
1 number): 
1 •. 
1 
1 ; ., 
1 

.1 4. Genere} ~eacription (250 worda maximum)·: 

1 
1 
1 
1 1: .. · 
1' 
1 
1' 
1 

J 5. Does the system have the following 

1 
1 

1 

1 

Conceptual database description 
( schema) 

Relational external schema 
lnteractive query/update language 
Data dictionary 
Relational sub-language adapted to 

. host languagea 

interfaces?¡ 
Yes No 

1 
1 
1 

Specify programm~ng languagea:~--~----------

·¡6. Date .system available: 

1. Current Applicationa: 

1 
1 
1 
J e. List published documentetion 
1 
1 
1 
1. 

5J 
',,., 

--·' 

C.2 RDBKS Survey Resulta· 

Disclaiine.r 
;~-! 

Wher~as tbe RTG has attempted to idéñtify aya~· 
tema supporting signif icant aspects of tbé &.DM. tbé'; 
RTG' does .not explicitly or implicitly declare ·the 
systems named in the survey to be relational in the 
sense discussed in other parts.of tbis report. 

INTERFACE TYPE: 
es • conceptual database description (schema) 

language 
ES • relational external scliema ·language' 
QL •.interactive query/update language. 
DD • data dictionary . · 

RSL • relational sub-langu:Sge ·adapted to bos·t 
lan~uages · · 

"x" • ind1.cates that the aystem supf.Orts sucb an 
interface. Generally •. no 11

X 
1 indicates 

tbat no ~~cQ interface exista. 

STATUS 
C • available for production use 
a,- research·proiotype ' 
D • design stage 
E • education 

.,. 
••• '>' 



l .1 . llHTERFAC§ TYP& iAVAILABILlTY l 
ISYSTEM IDEVELOPER/V&HOOa. ICSIESIQLIDDIRSLISTATUSI DATE 1 
J 1 54 1 ,: 1 1 1 J .... J l 
1 1 . 1 1 1 1 . 1 1 1 1 
IADAPLEX · JComputer Corporation of America 1 zl ~1 xl xl z. 1 D 1 1 

1 

. . 1 ~~b~r~~~~ 1¡;,p o~m·· 1 1 1 1 . 1 ·1 
. ARCH:liODEL' IArehiteetural Researeb Laboratory l xl l xl 1 X l e ,. 1 
1 IUoiversity of Hiehigan 1 1 1 1 1 1 1 1 
1 !Ano Arbor, MI 48109 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 
IARTEMlS IHeitier Hanagement Systems loe. 1 xl xl xl xl 1 e 1 6/77 1 
1 IDerek Hardy 

1
1 1

1 
1
1 

1 1 1 1 .
1
1 

1 110175 Harvin Dr., Suite.lOO 

-1 ¡uoustoo, TX 77036 1 1 1 1 1 1 1 1 
IASTRAL IDel_)artment of Computer Science xl xl xl ·xl x 1 E,R 1 1 

1
1 IUo1versity of Trondheim 1 1 1 1 1 J 

1
1 

IN-7034 Trondheim-NTH 1 1 1 -1 . 1 1 
1 1 Norway 1 1 1 1 1 1 1 

ICAFS lloternational Computera Ltd. 1 1 1 1 1 e 1 1 
1 IUK 1 1 1 .J 1 . 1 
1 l. 1 1 1 1 1 1 
ICASSH IUniversity of Florida xl xl 1 1 E 1 .1 
1 1 1 1 1 1 1 1 
ICREAT&/3000ICRIÓ Ine. xl xl 1 x 1 C -~ 1 
1 . 1257 ElCamino Real 1 1 1 1 
1 IHountaio View, CA 94040 1 1 1 1 1 1 1 
le54 IKTH 1 1 1 1 1 c,a 1 1 
1 1 Sweden 1 1 1 1 1 · 1 1 
1 1 1 1 1 1 1 1 1 
IDTSS IDTSS loe. (David Goldberg) 1 xl xl xl xl x 1 C ·¡ 1/79 j· 
1- IIOAllenStreet 1 1 1 1 1 1 1' 
1 IHannover, NH 03755 1 1 1 1 1 '· J' 
1 1 1 1 1 1 1 1 1 
IDAPLEX !Computer Corporation of America xl zl xl zl x 1 D 1· 

1

1 

1 157 5 Teehnology. Square 1 1 1 1 1 1 
- 1 !Cambridge, HA 02139 1 1 1 1 1 1 1 

1 1 1 1 1 1 . 1 1 1' 
IDATACOH/DB IDATACOH Division xl xl xl xl x 1 e 1 2/73 1 
¡, IApplied Data Researeb 1 1 1 1 1 1 1' 
1.. 18515-Greenville Ave., Suite 101 1 1 1 1 1 1 1-
1' 1 Dalla a, TX 7 5243 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 . ¡; 
1 DlRECT 1 Baneohio Corporation 11 11 11 11 1 1 e 1 1 1 
1 1770 W. Broad S t. .1 1 1 1 1 1 1 
1 IColumbus, OH 43222 1- 1 1 1 1 1 1: _ 
IDHS-170 !Control Data Corporation xl 1 1 1 X 1 e 1 1 1 
1 18100 34th Ave •. Soutb 1 1 1 1 1 1 1 
1 IHinneapolis, HN 55440 1 1 1 1 ·1 1 1 
1 1 . 1 1 1 1 1 1 1 
IECOHPASS ITaodem eomputers loe. xl xl 1 X 1 e 11981 1 
I(ENFORH) 119330 Valleo Parkway 1 1 1 1 1 r 
1 leupertino, CA 95014 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
/FADABS IKernforscbungszentrum Karlsruhe GmbHI xl xl 1 X 1 e 1 1978 1 
1 1 Institut fuer Datenverarbeitung 1 1 . 1 1 1 1 1 
1 'IPostfaeh 3640 . 1 1 1 1 1 1 1' 
1 ID-7500 Karlsruhe, West Germaoy 1 1 ·1 ¡· 1 1 1 
1 1 . 1 1 1 1 1 1 
IFQL IUoiversity of Philadelphia 1 1 xl 1 1 a,E l. 
1 1 1 1 1 l. 1 1 
IFRAMIS ILawrence Livennore Laboratory 1 .xl xl xl ¡· C 1 9/78 
1 1 1 1 l. 1 1 1 
IGAHHA-0 llBH. Yorktown Heigbts 1 xl 1 1 X 1· a. 1 1972 

!cHIS 1 HIT /lBH Donovao (HIT) 1· 1 x 1 1 1 .a 1 1976 
1 1 1 1 1 1 1 1 
1 GIW! ll BH 1 11 1 11 11 1 1 1 
1 1 1 1 1 1 1 1 
IIDBP lintel eorporation 1 xl xl'xl xl X 1 e 1 late 
i(Intel 13065 Bowcrs Ave. 1 . 1 1 1 1 ·¡ 1 1981 1 
IDatabaae ISnnta Clara, ·CA 95051 1 1 1 1 1 1 1 l. 
1 Proeessorl 1 1 1 · 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 
IIDM IBritton-Lce, loe~ 1 xl xl xl xl- 1 e 112/80 1 

__] ______ · ______ ---~--___] 1 1 1 1 1 

.. ~ 

. '· 
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DEVELOPE&/_VIllllOR 

ll!U'S llBM 
1 1 
I!Nr'OSYSTEM IHenco lnc .- ·· 
1 /Wellealey, MA 
1 1 
IINGRES IRelational Technology, lnc. 
1 12855 Ielegraph AVe., Suite 515 
1. 1Berke1ey, CA 94405 
1 1 

. llPlP /Boeiug Computer Servicea 
1 IOPAD Project) 
1 1 
I~ANUS IHassachusetts lnstitute of Technology 

. 1 el 
'IMADAII· 1 Ha ssa cliuse t té lnatitute of 
d 1 
- IMANAGE ICSC lnfouet Division 

1 1650 N. Sepu1veda B1vd E640 
1 IEl Segundo, GA ·90245 
1 1 

-IMAGNUIÍ ITymeshare lnc. 
1 1 Hagnum Development Departme'nt 

-1 120705 Valley Creen Dr • 
1 ICupertino, CA 95014 
1 1 . 
IMINISIS llntrl Development 

.1 IResearch Center 
1 160 Queen St. 

1 
IOttawa, ODtario 
ICa~ada 1 

1 1 
IMRDS/LINUSIHoneywell lnc. 
1 Jcor8lrate Tecbnical Center 

/107 1 Lyndale Ave. Soutb . 
1 IBloomiugtou, HN 55420 
1 1 
IMRS IDennia Tsichritzia 

1 IUniveraity of Torouto 
IToronto, Ontario 

1 lca·nada 
1 1 
IODEX IDr •. Cianol'a Maurizio 
1 IOlivetti 
1 IOWPOA/TS IeO 2nd piano 
1 lv. Jervis 77 
1 IIvca, ltalty 
1 1 ' 
INOMAD 2 INOHAD Development 
1 INational CSS loe. 
1 1187 · Danbury Roa'd 
1 1Wi1ton, eN 06897 
1 1 
IORACLE/SQLIRelational Syatema lnc. 
1 IJOOO Sand Hill Rd. 
1· IHenlo Park, CA 94025 
1 l. 
IOMEGA IUniveraity of Toronto 
1 1 
IPASCAL/R /Univ.ersitaet · Hamburg 
1 · )Fachbereich Informatik 
1 IScblueterstrasse 70 
1 1 D-2000 Hamburg_ 13 

.1 /West Germany 
1 1 
IPHLOX IINRIA B.P. 105 

1 
IF-78150 Roquencourt 
IFrance . 

IPLAIN 1 Dept·. of Medic.ól In(orm.ation Science 
1 IUnivérsity of Co1ifornia 
1 jSan Francisco, CA 
1 1 
IPLAHES IUnivéraity o! Illi'noi& 
L___ --

. """' 

e 1980 

e 1975 

e 

X D 

X · C,E 

E 1 

11 X 1 e 1 1 1 
1 1 1 -1 1 1 

1 1 1 1 1 1 
xl xl xl 1 e 11975 l. 

1 1 l._ 1 1 1 
1 1 1 1 1 1 
1 l. 1 1 1 1 • 1 1 1 1 1 1 t-

11 11 11 11 1 1 e 1 . 1 .• 1 ' 1 1 1 1 1 .1 
1 1 1 1 1 1 
1 

1 
1 

1 
1 1 

1 1 1 1 
1 1 1 1 1 1 

xl xl xl x 1 e 13/78 1 
1 1 1 1 1 1 
1' 1 1 l. 1 1: 
1 1 1 J 1 1• 
1 1 1 1 1 1 

xl 1 xl IC,R,E 1 1 
1 1 1 1 1 1' 
1 1 1 1 1 L 
1 1 1. 1 1 1 
1 1 1 1 1 

xl xl xl x e 11981 1 
1 1 1 1 . 1 
1 1 1 J' 1-
1 1 1 1 r 
1 1 1 1 1 
1 1 1 1 1 

xl.xl xl x e 11975 J; 
1 1 1 . 1 - 1 
1 1 1 1 1· 
1 1 '1 1 1 
1 1 1 1 1 

xl xl xl x e 11979 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1· 1 1 

xl •l 1 X 1. E,D \J' 1 
1 1 1 1 1 . 1 

xl xl xl zl X IR (D) 11977 1 
1 1 1 1 1 E 1 1 
1 1 1 1 1 1 1 
1 1 1 1 l. 1 1 

1 1 1 1 1 1 1 
1 1, 1 1- 1 1 1 

1 11 11 11 11 1 
1 

R 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 . 1 1 1 
1 1 1 1. 1 1 1 J 
1 x xl xl xl 1 R 1 1 
1 1 J 1 1 1 1 i 
1 1 1 J 1 J 1 1 
1 1 .1 1 1 1 J 1 
1 1 1 xl 1 1 E,R 1 1 

____ ......,...., 
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·. !INTERFACE TYPE JAVAILABILITY 1 
1 SYSTEM 1 DEVELOPER/ VENOOR ICSIESIQLIDDIRSLISTATUSI DATE 1 

5~ . 1 . 1 1 1 1 1 1' 1 
1. 1 1 1 1 1 1 1 1 1 
IPOREL ¡universitaet Stuttgart 

x¡ xl 
? 

?1 
? 

1 
E',B. 

1 1 
Azenbergstrasae 12 
D-7 Stut t~art · 1 

1 . IPootfach 560 1 1 1 1 1 
~ 1 IWest Germany 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 
~; IPRTV(IS/1) IIBM UK Scientific Ceo ter xl xl xl xl X 1 e,R 1 1973 1 " 1 IAthelaton Uouae 1 1 1 1 1 1 
~; 1 ' 1St. Clement St. 1 1 1 1 1 1 1 ' 1' 1; IWincbester 

1 1 1 1 1 1 1 1, 
~·· Uampshire 5023 8UT UK 

' 
,, 

1 1 1 1 1 1 1 1 1 
., 

i~ ,, ... 
!Extended QBEIIRH Scientific c~nter 1 xl xl xl xl x R 1 1979 1 '•, ~-" 

•• 1 . ¡Heidelberg · 
1 

1 1 1 
1 

1 
1 

,, 
i' . Wcst Germany 1 1 1 1 :¡ ,, 

1 1 1 1 1 1 1 1 1 ·1 ~.' ., 
IQBE IIBH 1 xl xl xl xl x e .1 1978 1 ,r ., 
1 

11133 Westchester Ave. 1 1 1 1 1 
1 

1 )' 

t" 
IWbite Plaina, NY 10604 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 
1 PARIOU IM. Schneider, J.C. Perraud 1 xl x xl xl E 1 1981 1 ¡, 
1 · lcusT BP 63 .no 

1 1 
1 

1 
1 1 ~.~·~ 1 · Aub1ere 1 1 1 

r. • 1 JFrance 1 1 1 1 1 1 1 
.f 1 1 1 1 1 1 1 1 

' IPINDAR IH. Fergen 1 x¡ xl 
1 1 

e 111/81 . ,, 1 IGHD/llG 1 1 
1 ID-5205 St. Augustin 1 1 1 1 1 1 1 ) 1 IPostfach 1290 · 1 1 1 1 1 1' 

'i 1 IWest cermany 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

IQUESTOR IComshare, lnc. 1 xl xl 1 1 e 1 ? 
; 1 13001 Soutb State St. 1 1 1 1 1 1 , 1 IAnn Arbor, MI 48104 1 1 1 1 1. 1 ,, 

1 1 1 1 l. 1 1 1 ,. 
IRAP IUniversity of Toronto 

1 
1 1 1 B. 1 1 ,. 

~-1 1 1 1 1 1 1 1 't IRAPID IDatabase Hanagement Syst~s xl xl 1 X J e 1 ? 

~· 
1 112/P R.H. Coata Bldg 1 1 1 1 1 
1 ITUnney's Pasture 1 1 1 1 1 1 •.· IDttawa H1A OT6 1 1 1 1 1 
1 1 1 1 1 1. 1 IRAPPORT ILogica Ltd. xl xl 1 X J e 1 ? 
l. 1341 Hadison Ave. 1 1 

1 
1 

1 1 INew York, NY 10017 1 1 1 
1 1 1 1 1 1 1 IRARES 

1 
IUniversity of Utab 1 

1 1 
1 R 1 

1 1 1 1 1 
IRELIANeE IPerkin-Elmer Data Systems xl xl xl xl X J 1> 1 6/82 
1 1277 Batb Road 1 1 1 1 1 1 
1 ISlougb, Berksbire 1 1 1 1 1 1 
1 ISL1 4A.X 1 1 1 1 1 1 
1 IUK 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 RENDEZ VOUS IIBH Research~ San JoSe ? 1 ? 1 xl ? 1 ? 1 B. 1 
1 1 1 1 1 1 1 1 
IREL*STOR IGTE Sylvania xl 1 xl 1 X 1 e 1 3/81 1 (RELATE 80) 1 P.O •. Box' 188 

1 
1 1 1 1 

1 1 1 Hountain Viev ,· CA 94042 r 1 1 
1 1 1 ' 1 1 1 .1 1 1 RIGEL IUniversity of CalÚornia, Bex:keleyl xl xl 1 1 R 1 1 
¡ 1 1 . 1 1 1 1 1 1 

1 

IRIM IBoeing CompUter. Services 1 ?1 71 71 7 1 7 .e 1 7 
1 1 (IPAD ProJect) 1 1 

1 
1 1 1 

1 1 . . 1 1 1 1 1 IRISS IFoCrest Hospital . 1 xl 1 x¡ 1 
e 

1 1 1 1 
IRPSllOO !Spcrry-Univac 1 1 •1 xl 1 e 1 7 
1 . 1 . 1 1 1 1 1 1 
IRTFILE llnter PÍ"oject lnc. 1 xl 1 1 1 e 1 7 1. IP .o. Box 13 1 1 1 1 1 1 
1 IBrcntwood, MD 20722 1 1 1 1 1 1 
1 1 . 1 . 1 1 1 1 1 IRDBMS llnternationa'l Computers, Ltd. 1 71 7 1 ? 1 7 1 7 e 1 1 
1 ·IUK 1 1 1 1 1 1 ___ j __ .· ,--'-- j_j_ 1 1 1 1 

.. \7 
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1 SYSTEII 1 DEVELOPEB./ VEIIDOB. . 1 1 . . . . 
1 1 . . .. . . 

IRp. BHS ¡open.University · · 5 ·7· 
Kr. M.A. Nevton . · 
AcadCmic Computing Service 

·1 1Mi1ton·Keynea MI() 6AA · · • 
1.-. IUK . 
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Textual Reaponaea 

Í:he following 
th-osc 'that · r_eBponded 

infor'mation waa supplied by 
to questiona 4, 5, 7, and 8 • 

ARTEHIS 58 
Q&~_~_Deacription: 

ARTEMfS is a mobile, ·aelf-contained Proj_ect 
Management ··Information System based on a dedicated 
minicomputer. In addition to in-built procedurea 
f~r planDing, scheduling, coat reporting, and pro­
babilist1c ánalysia, ARTEMIS alao offera: 

• s relational 
inde¡)endence 
and -linking 

database featuring tot81 field 
witb dynamic_ dataaet &tructuring 

• a simple yet powerful command language ~hicb ia 
·. identical for all modules 

. • a versatile report· writer 

• a wide· range of system options in botb 
and software 

hardware 

· c>:comrilunication witb large mainframe éomputera 

~ concurrent processing of user-developed applica­
'tions written in other programming lanKuages 

• graphical output of 115 11 curves, barcharta, his­
togrS:m&:;· and pie charts, using an 8-color. 

· flatbed pfotter onto paper or. transparenciea, or 
. projecting from the. tenminal directly onto a 

. · .scre·en' 

e automated network logic drawinga, either linear, 
variable,· ''or non-timescaled, onto a 36" 4-color 
sum 'plotúir 

• 8nnotated barcbart drawinga on eitber drum or 
fhtb'ed plotter 

• expandable up to 32 terminal&, local or remete, 
and onliné 'disc storage up to one billion bytes 

Curre~ Applications; 

tndu~t~y typea include offshore oil, civil 
con.;; .• :uct1.on, · aerospace and weapons,. petrochemi­
cals, automobiles, pbarmaceutic8ls, energy, and 
gov~rnment agencies. Application examples include 
planning and scheduling, cost/scbedule integration, 
performance measurement, managemeilt reporting and 
forecasting, cost management, material& management, 
records manatement, ~lant and equipment registers, 
and_maintenance plann1ng and control. 

Documentation 

l. Network Planning System User Cuide 

2. lnfonnation Procesaing and .Reporting System 
User Cuide 

3. Systems Managers Manual (4 versiona for dif­
ferent memory capacities) 

4. Management Graphics User Cuide 

5. Network .Craphics U ser Cuide 

6~ 2780 Emulator User Cuide 

7. PAN User Guide 

. tí' ,-, e 

DTSS (DaTaSyS) 

General Descrip.tion:. 

All data ie atored in flat files. All ar 
to data is via "views" of tbe files. Each filt 
full access to a master view. Subviewa ··~ith · \... ..: 
limited acceas to selected record&_ and· fields· maY 
be created. · Such subviewa may have opér8tion re8-
trictiona. Viewe may be combined uaing three 
operatora, JOIN, INCLUDE, and INSEB.T. INCLUDE' is 
similar to JOIN, but only zero or one matchea are 
permitted. If view EMP INCLUDES view . DEPT¡ eacb 
EMP record will occur in tbe.result eVtin if nd 
matching DEPT record ia found. . INSE.B.1'' cteatea 
"hierarcbical 11 viewa. If view DEPT _INSERTa view 
EHP, eacb DEPT record will appear once in tbe 
result, followed by tbe matcbing EMP record&. 

Interface Detaila: 

Query Language: TELL*ME. ACcess lb le from: 
COBOL, PL/1, BASIC, FORTRAN, assembly (GHAP) • 

Cutrent Applications: 

Treasury Management, Law Case Management, Exe­
cutive B.eport Retr.ieval, DTSS Customer -Billing, 
DTSS Sales Proapecta, DTSS System Buga ah~ P~opo­
aals. 

Documentation: 
... ·. 

l. DaTaSyS, The DTSS Database M.anagénent· ;.Systeul · S 
MAR 80 (reviaion 2A) • 

2. DaTsSyS Reference Manual, Pub. 1311 • 

3. U ser"' a Manual for DaTaSyS*** :cu.IDE, PUb .• 1331. 

4. Introduction to DTSS Sot'tware~~- Pub. 5322.·'. ... 
S. User's Cuide to the TELL*HE Query Syetem. 

: { :. 

ENCOHPASS 

Interface Details: 

AccesSible from: COBOL, UL,_ FOB.TB.AN~ MUKPS ... 

General Description: 

FADABS is a DBS for ·the use in minicomputer 
based technical, industrial, or scientific applica­
tion systems. Ita arcbitecture makes it suited to 
this .clase of application systema: (1) .proper modu­
larization ,helps keeping program~ small· 7 (applica­
tion programa as well as tbe DBS tasks themselvea); 
(2) the usually powerful procesa .·syncbronization 
and communication features provided by minicomput­
ers. ·are utilized to acbieve real time bebavi'o:r of 
DBS-appl_ication programa; (3) a low level (i.e., 
·tuple-at-a-time) relation interface to FORTRAN, 
with binding of data structures at compile.:._tiole~ as 
a means for the implementation of efficient, 
tailored user interfaces; a'nd (4) two general, bigb 
level (i.e., set~oriented, descriptive) interfaces: 
interactive query facility, report generatOr. 

FADABS is implemented mainly in (ORTRAN, t 
achievé a high degree of portability, and availabl-.. 
on SIEMENS 300 and PDP11/40 minicomputers. 
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.Current efforts are directed at makin¡ FADABS ·:~;. 
a generable DBS. 

TAnKu8Ke·· vitb ·~· call mecbani&m. 
interactive central language (e~g. • 
bigb level· programming language). 

~\lso has aa. 
se lf-contained ·} 

Interface· Detaila: 

Accessible from FORTRAN. 

Othu Deta1.ls: 

., . 

·faCility·; 

5 g ~'-·-\ .Q.QM (Oliveti:i Data base. Executiye) 

General Description: 
Report generator, data entry 

Current Applications: '• 

. ' 
Nuclear material& information ayatema. 

i>Ocu1neritation 

l. Polster)F.J.: FADABS: Ein Datenbanks'ystem. fuer 
die SIEMENS-Prozessrechner 5330. TagUnKsber­
icbt, 9. Jahrestagung des SlEMENS­
Anwenderkreiaes 1, Kernforacbuogszentrum; 1978, 
KfK-Bericbt 2642. 

2. Polster F.J.:· Using a Preprocessor to Implement 
a Data Hanipulation Langua&e f.or a Hinicomuter 
Data Base System. Proccedings First _Sympoaium 
on Small Systems. ACM SlGSMALL, N.Y., 1978, p. 
40-44. 

3·. Stoeckle, D.; Polster, F.J.: The Report­
..... · Defiuition Lan&u8.ge RDL and ita lmplementation 

in· tbe Report-Generator FAREG. Report, KfK 
2910,. Kernforschungszentrum Karlsruhe. '1980. 

· (in· cetman) 

: 4'.- 'llols~er,'·F.J.; Tritscbler, P.: Tbe Database 
Q•Jery Language FAQUEL. Report KfK 3089, Kern­
forscbu'ngszentr~ Karlsruhe, 1981. (in German) 

Multica Rel8tional Data Store (HRDS) 

General DesC:r"iption: .. 
The Multica Data _Base- Manager' (HDBH) provides 

Hultic8 · use'ra· witb a general database management 
facility tbaf··ia callable from all Hultica program­
ming lan~uagea supporting a call interface and from 
Multica command .level. A full range of databaae 
definit'i'on. retrieval, and update capabilitiea ia 
available, together.witb facilities ~bat provide a 
larRe' ·· measure of data independence and control of 
concurrent'- accesaes to tbe databa se. 

'Tbe MDBH is unique in tbat it 'providea an 
interface for botb relational and network (CODASYL) 
datebase·users. The relational interface, known as 

'tbe ~Multics Relational Data Store (MRDS), supporta 
network ,data bases usin.g a subset of . tbe CODASYL 
staodard specification. 

. Tbough related to ea eh other at the · implemen­
tation '·level, the usér' should· view.eacb 'interface 
as a separate and independent database ma_nagement 
&ystem. ' 

Interface Details: 

Query, manipulation: LINUS (Tbe Logical 
Inquiry and Update System). Accessible ftom: FOR­
TRAN, COBOL, PL/1, APL, and soy language vitb a 
call facility supported on MULTICS • 

Hl8E (Higbly Intelligent Bacl< End) 

Interface Details: 

A~cessibl'e througb only higb .level programining 

OD~ pri?V ~des serv i_ces. of ~ata base def inition 
_and; man1pul~t1on .to appl1C&t1on programmers; tbe 
data are def1oe~ an~ ,structured at tbe Logital 

~ Sc~ema level and at the Stor~ge.Schema level by 
ustng the data and Storage Descrlptton 1 are ·organ-· 

·. ized at tbe logical level using a relatioá model 
aod at the storage level using · an indBXed lile 
organization. The data manipulation ·facilitiea·are 
offered as exteúsions of the PLZ language, by the 
Data Manipulatlon Language. Tbese extensions are 
piocesaed by 'a precompiler , whicb genei-ates an 

• extended PLZ source module and an access module 
wbicb· will then bé coÍDpiled by the PLZ compiler. and 
linked to the ruo time support rOutines. · Tbe DML 
ie very bigb level laf:!.guage baeed on the value·a of 
tbe data an~ is _cOm.pletely independerit from tbe 
vhysical atructu'res. ODEX provides m.ecbanisms for 

· c~ntrol:ling -~ m':'ltiuser operations an~ facili_tiea to 
recover a conststent database &tate lD case of a 
eystem · failure." In paiticular, actiona performeé:l 
on tbe databaBe can be grouped in unita called 
transactions, wbicb are guaranteed to be executed 
as iDdiviaible units. A log ~acility ia provided. 

',· 
interf~ce Details:. 

Acc"essible through' PLZ._ 

Current Applications: 

DBMS for a network monitor·system. 

ORACLE/SOL 

Interface Detaila: 
,., ;, '' 

',,. 
· Query; data def init.ion~. manip'Ulat.iC:,U: and ~on-
trol language: · SQL. Acceaaible- fl-om": _PL) 1, ~OBOL, 
FORTRAN, C_, ~ssembly. : . ::... \. ··' .·. ·:,. · 

" 

·Cenersl·D~scription: 

PARIOU ia a relation.al databaae management 
syst-:m whicb bá.s been desÍgned fcir educatioDal and 
researcb purposes~ He is preaently available on 
PDP 10 · but is ent-irely written in Standard COBOL. 
Tbe physica~ structuré is baSed on inverted files • 
.The aystem 1~cludes algoritbms to optimize the p~o­
ceas of quer1es. The actual query language is l1ke 
ALPHA languag~. lt is possible to implement easily 
otb"er query :languages· since all queries .. in: bigb 
level ,_language are transformed in standard form by 

· r·ela~ional algebra op~ratOrs. 

··current Applic~tioils: 

· School attendance data base. 

;, · Documentat'ion: · 
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1-. J.C.' Perr8ud. · "ConcePtion. d'un Sfst&le de ges­
tion relationnelles PAB.IOU", Thes1s. 

2. B. Collardey. "Realisation du noyau·du·aystS.e 
PARIOU'.', Thesis. 
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J, B. tlpass~ -et J.L. ~obiHon. "L'al¡oritbaie de RELIANCE 

.:f~Ú-<•-'·'1"-l.'•n 

~echercbe du ays~eme PARIOU". 

6 (l 
piNDAR (Adaptable lnteractive Database and· a~port 
system) 

General Description: 

PINDA.Ii. is a form oriented int;·~~~tive· aystem 
,;_tb ita ovn uaer language and includea functiona 
for the definitiOn of databasea (Schema), input, 
'update, ·deleting of data, compreheriaive evaluation 
of d8tabaies and otber files. and the generation of 
repnrti. 

A PINDAR database consista fundameritally of a • 
lin~ar . data file and an inverted file. Tbe data 

, file contains records made up of fielda and sub­
fielda and the inverted file containa referencea to 
the data fields. Linkages may be defined between 
o_thEirvise unrelated databasea. • 

The user language consista of descriptive· and 
procedural elementa, and applications of varioua 
degreea of complexity may be program.med·. A real 
time menu tecbnique ia u8ed 1 where many optiona 
htive predefined defaults. 

Otber Detaila: 

KLDS (compatible databaae interface sdapted to 
tbe linear data structure) 1 i.e., bost language 
interface to call PINDAR data management servicea. 
as defined fór the. Germen public servic.es. 

Documentation·: · 

PINDAR User Reference Manual (Cerman Edition)4 

~. (Open. University) 

Gefier~l Deacriotion: 

RDBMS was· designed with a prim.ary objective of 
demonstrating rel~tional concepta for s~udenta. lt 
supports all' re~ational algebra operations and ia 
perceived. as··, a relational "calcul&tor", witb all 
opera,tion~ expresae·d as a single command (e.,., 
JOIN)· whtch operate on a workapace relatioo (uatng 
data from a second named relation as appropriate)• 
lt has integrated data dictionary facilitiea and 
commanda to examine all typea of data. Thia 
includes a domain concept, referred to as a 
"ca:.egory" becauae it ia considered more powerful 
th8n a mathematical domain. supporting" JOÍn opera­
tiona· and acting as ao_ integrity conatraint for 
~nserting new values for foreign keya (constraints 
not yet fully implemeoted). Tuple idCntification 
ia bfl·aed on e:r:plicitly specified keya 1 and if a 

-project operation removes any key than it ia· necea-
sary to make the new key(s) e:r:plicit uaing a KEY 
function. Aggr~gate fuoctiona are alao aupported 
du~inglproject operatiooa when the number of tuples 
ia reduced. Tbe conceptual scbema is ·e:r:preaaed in 
terma of relationa aod eacb external scbema ia 
e:r:¡)resaed a user view, apecifyiog the relations, 
data itema of eacb.relation and procedures avail­
able to tbat user. 

The aystem runa on a DEC-20, written largely 
in COBOL and Using B*-treea for storage. Tbe user 
f:riendlj environment .~help, recognition) ia system 
dependent:. · · 

Current ~ications: 

University equipment databaae • 

.. \". 
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., 

General Description: 

RELlANCE ia. a, higb performance tranaaction 
processing syatem ·with a relational databaae· 
management capability'. Tbere is a Data Dictiona· 
for tbe definition· of data itema, groups, and da; 
vieva. The i:1atavieva· represent Join and Projecti ... _ 
··operationi and are available both to the forma 
driven query/report generator and to tbe COBOL and 
FORTRAN programmer interface. The underlying diac 
manager is optimized for transaction proceaaing 
witb advanced data. integrity featurea. 

Interface Detaila: 

Accesaible ftuple-at-a-:time) from COBOL and 
FORTRAN •. 

Documentation: 

RELIANCE Manual a (5 volume se't). 

General Descríption: 

SESAM is a commercially oriented Database sYs­
tem wbose Data Structures are comp&.tíble with tbe 
Relational Modul. Ita · principie featu-res are 
aelectiOn, (field-) projection, .Join, update of 
Relations and Paasword Protection at Relation, 
Field., and Activity-level. Tbe system can be 
accesaed. by Aasembler 1 COBOL, FORTRAN, ALGOL, RPG 
and. PLI tiser programa. User _programa and DBMSs may 
be distributed at the uaers convenience witbin a 
computer network. 

Single user program can vork 'witb several 
DBHSa simultaneoualy wbicb may be local 1 remote, r 
botb. ·A DBHS may also revive requests from bOl 
remate and local user programa). 

Interfaces for TP monitor& UTM and COSMOS- are 
available. Several Report generators may alao be 
uaed with SESAM. 

Transactions of 
records (Primary Ker) 
aible vben Version 3 

consiateoce level 3 witb 
as tbe lock unit will be pos­
ia released. 

Current Applications: Approx.imatel:Y '20Q~. 

Documentation: 

l. Software Product SESAM (BS2000/BSlOOO) V 12.1, 
Databaae Creation and Maintenance, Reference 
Manual Part 1, No. U 275-J-Z55-l-7600. 

·2. Software Product SESAM (BS2000/BS1000) V 12.1, 
Data R.etrieval and Direct Update 1 · Reference 
Manual Part 2, No. U276-J-Z55-l-7600. 

3. SESAM auf dem Weg zum relationalen Datenbank­
system 
Part 1 Systemberater publiahed 1.5.80 
Part 2 Systemberater published 1.3.80 
Part 3 Syatemberater publiahed 1.9.80 
(W. Scbmittel 1 B. Nauer). 

General DeScriPtion: 

SYNTEX-2 ia a relational DBM.S ·wbose DML ia 
predicate ca~culus oriented witb a mix of indivi-



~ : . •' . 

dual ac:d t_up • can 
· !!:ither in stand alone or embedded ·into the ~rogram­

wíng language COBOL. Tbe ínternal mOde rel1e1 upoa 
two typea of data .structurea: indexed files and 
ringa. Tbia internal mOdel togetber vitb an effi­
~ient query optimir.er enable good perf~_rmance. 

SYNTEX-2 ia programmed· into 8 low level 
language, LP 70 (very similar to PL 360) on a Cll­
HB lRIS 80 machine ·(of a capacity similar to IBM 
370-158). The min~um air.e of core memory needed 
io 45 ~-wordo (1 word • 32 bita). 

lnterfaee Detaila: 

Acceaaible.from COBOL. 

Current Appl_icationa: 

SYNTEX-2 ia a prototype which vas used for S 
different · applicationa of varioua aizea, but it i"a 
nOt noV under use. 

Documen Út t ion: 

1. 11The language 
relational-like 
ogy•• Ed.: J. 
.1976. . . 

of SYNTEX-2 an implemented 
DBMS .in: lnformation Technol­

Moneta, North-Holland, ~CIT3, 

2. "SYNTEX-2 un prototype de SGBD relationnel" 
Conf. CIPS-DPMA, Quebec, 1979. 

·,· 
General_Deacriptiop: 

· SYsTEM .. D ia an experim~ntal, integrated tool 
for inform&tion ayatema design, implementation, and 
database.mana&ement. It ia under development at 
tbe ·Univeraity of Tampere. lt can be uaed aa a 
relational· database management. aystem but it can 
aleo. be uaed as a tool for databaee design and data 
proceaaing aystema deaign. lt providea a uaer an 
externa!: viev both ou tbe .conceptual level and o~ 
the relatiozial level. It pro_vides alao· a apectrum 
of . different query languagea. The data base 
a·jm.inistrator (DBA) can se e all four achema levela: 
, . .-nceptual, ·_re1ational, data atructure, and atorage 
·:;·ructure ·lt!vela. The DBA has at ita diapoaal- a 
··~)ecial language, called Data Adminiatration 

. ' 
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SYSTEM an aaap1av 0 
query can use different seta 

: opti.mization es in different aituationa. 1f 
information requi"rementa of a user are formU.lated 
a a a query, then SYSIEM D . can be usect a a an 
automated deaign tool wbicb produces a set of pro- · 
~rama and optimir.ed intermediate files wbicb · 
correaponds to tbe original query. 

Interface Detaila: 

Acceasible from PASCAL AND FORTRAN; 

Documentation: 

H. lanKaaaalo, H. Jaak.k.ola, IC.. Jarvelin, T. 
Lebtonen, and T. Niemi: SYSTEH D--An integrated· 
tool for aystems deaign, implementation, and data­
base management. Report, Univ.ersity of Tampere, 
Department of Ma.tbematical Sciences, June. 1981. 

General Description: 

Tbis ia a database macbine .on Whicb we are 
implementing a ·relational system. · Tbé hardware ia· 
based ori tbe idea of "on tbe fly 11 f il tering. of 
data. Tbe DBMS offera a standar·d low leVel inter­
fAce (Pbysical Management 1 Algebraic queries and 
update . procesaing, concurrency control and 
recovery) but no protection On end user interface. 

Other D~taila: 

Supports concurrency-and functional dependency 
cbecking. · 

Documentation: 

l. "Deaign of an 1/0 Proceas.Or: for . a. Relatioll&l 
Databaee Macbine", SIGMODSO, BancilhoD./Scboll. 

2. "The database 
6tb Workobop 
(Hyers). 

Macbine VERSO: Binary Operation", 
on Nonnumeric Arcbitecture, 1981 

------·-----------·------- ----~-· 
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Evaluation criteria for 
logical data base design 
m et h od o 1 og i es (c'·t·': :~ --~ 

';_,-.:; -(-,;; 

. 1 ., 

·,· 

A P Buchmann* and A G Dalet 

----------------------·-----------
Thc increasing acceptance of datubase system.'l has shown 
the need for logícal database dcsign methodologics and 
eva/uation criterio lo select the om: most appropriate for 
a particular task. App/icatlon of currently existing metho­
dologies too portian of the data hondlc~ during ~hernical 
p;océss plant·design has hlghlighted stn:ngths and shurt- ; 
cómings of the múhodologics ana!}tsed. Using thCse · 
r~su/ts evaluation criterio are established and !:tynthesis 
of a m~thodology which is re.wonsive to the idt.•fllified. 
áit eria is proposed. · 

INTRODUCTION 

lntcrcst in databasc design mcthodology has dcvcloped in 
the context of appfying datahasc managcmcnt tcchnology 
to support thc intcgration of cnginccring dcsign of 
chcmical proccs<; plants. 

In all cngincering dcsciplin"~ n'olution has lcd frorn 
intuitive to systcmatic dcsign procCdurcs. Datah.1sc 
dc~ign is·no exccption. Many im-'t'Siig:.ior~ in thc arca 
havc ·rccognizcd thc nccd for a systcmatic appruach. Thcir 
attcmpts havc hcen rcvicwed by Fry and Novak 1 and Yao 
Navathe and Wéldon2

• While existing attcmpts at proposing 
a daÍJbaSe design methodology havc many points of intcrcst, 
thcy rcly to sorne extcnt on shortcuts and intuitiv~ assump-_ 
tions. A./ogica/ databasc design methodology which does 
not omit any stcps, and'which covcfs the wholc rangc of 
logica/ database dcsign activítics is rcquircd. 

In this papcr thc cnvironment in which thc prcscnl 
work evo/ved is discusscd along with a view of thc data­
base dcsign proccss and thc rcasons for use Of databasc 
design mcthodologics. Some of thc proposcd mcthodolo­
gics and how thcy pcrform·in thc cnvironment analyscd 
are prcsentcd. From thcir ob~crvcd strcngths ánd short­
comings a sct of critcria for evaluJting a mcthodology is 
dcrivcd. Thc last section suggcsts the synthesis of a ncw 
mcthodology rcsponsíve to thc statcd criteria. 

ENVIRONMENT 

Datahascs can play ~cvcral basica/ly diffcrcnfrolcs in 
supporting the enginccring dcsign of a chcmical plan t. 
For cxample: 

• asan updatJhlc dcscription of thc curreilt status 
of a projcct, from which information uscd as inPut 

-------.---
*Oep<trtment of Chcmica/ [nginccdng, UniversitY of Te.x.J'>, Austin, 
Texas, USA . 
t Departrnenl o( Compu ter Sciencc, Univer~ily of T e.xas, "Au~lin, 
TCX<I.S, lJSA : -. ' 
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'· 
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toa particular task cán bé ·abtaincd, tllüs enhancing · · 
communication amongst users 

• as a priva te workiné-space for a small group of uscrs 
serving asan archiva! system for preliminary dcsign 
altcrnatives. 

-- Jf tl1c datahasc is vicwcd as á record of progress of a pro­
ject, it wiil serve aS a·cómmunication medium among 
groups of designcrs carrying out various tasks in thc ovcral/ 
dcsign and will cont.ain alrcady-approved data relcascd for 
use by oihcr groUps. Well.<fcfincd channcls of communi­
cation exist for this pui-posc within an organization and 
information is traditionally prcscnted to thc uscr in form 
of familiar documcnts, c.g. flow shects, load shccts, 
schcmatic P and 1 diagf"ams, spccification shcets, ctc.l?ata 
have to be supplied also to design-softwarc packagcs · 
whi~h ·should rcly primarily on thc information contJinl'd 
in the projcct-widc database. This typc of djtah.tsc rcfkcts 
thc gr .Jdual rcfim~mcnt of thc projcct and grow~ rlJOnu­
tonic~JIIy. VarlotJS dcgrccs of dctail havc lo he rcprcst·nll'd, 
depcnding on thc slagc of cump/ction of thc projccl. J"or 
cxamplc, bidJing inform~tion can rangc from coarsc c~ti­
matc.s to data obtained from an almost completcd dcsign, 
but will be in most cases lcss detailcd than information 
used for subcontracting or.the shop information and the 
final proiect documentation. The dependence of many 
applications on thc same data or dependcnce on data 
gencrJtcd.by intermedia te applícations cause any update 
to propaga te throughout the database. An cxample is the 
proccss dcsign stagc whosc oulput serves as problcm 
definition for la ter tasks in the dcsign chain. Updatcs, 
thereforc, have to be we/1-documentCd in the form of 
revisions and alcrts to users of the updated information 
are nccessary. 

In particular, the interfaces among the proccss cngin· 
eering group,- thc sy~tcms group and one cquipment dl'sign 
group, thc hcat exchan&er design group are examincd. 
lnformation.is transfcrrcd from the· proccss cnginccring 
group in the form Of a process rcleasc, consisting of 
a flow~!Jcct, a material and encrgy balance, a major cquip· 
mcnt list with idcntification of accounts, and load shl1CI<, . 

Detailcd spccificatjon s~cets and drawings are Considcrcd 
as thc documents produced by thc hcat exchangcr group, 
and va/~c; pipeline calculations, cÜnncction information 
shccts, etc. as the information provided b'y·the systcms 1_ 

group. The char~cterii.ation of information was providcd 
by thc Pul/man--Kellogg Company in thc form of docu­
ment blanks and through discu~sions with onc of thc 
authors. · 

As a firsi stcp in u~ing dat.Jbase ma~agel_lll.:nt lech-
n ol og y,. n_1 :.ldcll i ng t he_ r.x ·~ s ti r~.8 . .02l!.LD.l!J.ni.c.:Lli.Dn ~-----------------
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Figure l. Datubase des/gn process 

which has proven to be adcquate for enginccring pur· 
poses is pro¡josed. The following examination of the 
problems of databasc dcsign melhologies is made in lhe 
contcxt of,this application. 

DATABASE OESIGN PROCESS 

The term 'database' is an Clusive one. In this context a 
data base is considcred to be a modcl of a portian of 

· rcality rcprcscnted by an cvolving collection of in ter· 
'rclatcd data acccssihlc to scvcral_ar}plications. Thcse 
·data havc a controllcd redundancy and thc u ser has thc 

· · c<~pability of inscrting, dcleting, updating and rctricving 
1 data in a rcstraincd form throlJgh thc actions of a data· 
base managcment systcm (DBMS). · 

Thc cxtraction of all thc charactcristics of thc objcct 
1 syster:n which is to be rcprcsentcd in thc database is thc 
. 'first stcp in any database dcsign, and initially involves 
¡·user requircments specification and analysis. The repre· 
· sentation of the objcct sys.tcm's propcrties and their 
' integration into .one conceptual modcl is thc ncxt por· 
'tion of lhc logical databasc dcsign. The modcl obtaincd 

by this process is an abstracl modcl which rcprcsents thc 
: inherenl properties of thc object system and is indcpen­
. dcnt of any modcl or nolation supported by lhe DBMS. 

In arder lo be proccssable thc conceptual model has to be 
·: cxpicssed in tcrms compatible with a particular DBMS. 
, This is thc data~ase accommodation stcp. Since local 

vicws wcrc integrated ata high leve! of ahstraction to 
: yicld a binding model common to all applications, it iS 

necessary to rcpresent now thc u ser 's vicws in tCrms of 
, thc Jata descriptio~ langtJ<;gc (DDl __ ·) !'.\Ipportcd by thC. 

p.trticular I~B~S. Tlic whok rlrn(_;cv.:. ·f;·r>m dC\l'r.rnin· 

atiun of u ser rcquiremcnts through cOnceptual model 
· and final accommoddtiOn in·terms of thc.sclccted 

DBMS, is th'c logical databasc dcsign proccss.-
. The,intcrnal organization of the data rcprcsen.ting the 
objcct systcm and its models on physical dcviccs con· 
stitulcs the physi'cal dcsign of the' data base. Figure 1 
shows schemalically a view of the database design 
process. 

The strong cffect lhai any misconccption of the 
objcct system or misrcprescntation of its characteristics 
in thc conceptual modcl has on thc ability of thc dáLJ.• · 
base to satisfy thc Úsers' information nccds has centrcd 
allcntion on the logical database dcsign slagc. The syste·" 
matic process by which one traverses the differcrit stages 
of thc logical database dcsign and performs the mappings 
from onc lcvcl of abslraclion lo the next is commonly 
callcd a logical databasc dcsign mcthodology. 

Two pararrlctcrs have a strong influencc on the com­
plcxily of database dcsign: 

• thc numbcr of objects to be represchted, 
• thc numbcr of intcrrclationships amongst objec~s 

The arca above thc curve in Figure 2 rcp~rcsents Úi~ ·arfa 
in whích intuitive design becomes most difficult.'io · 
modcl an objcct systcm in which many O_bjects a·nd' 
activitics are interrclatéd a systcmatic and wcll·structured 
approach is ncces5ary. lt is thcrcfore instructivc to ohserVe 
how proposed methodologies pcrform:in·a liugc-scale 
application, what criteria should be applieél for evaluation. 
of cxisting data modelling techniques, and Wh?t canSe: 
quepccs can be drawn for the dcvelopment of fu tu re .enes. 

Since database dcsign techniques havc e~olved laigely " 
for thc purpose of supporting business ci.pplications it is .. 
use fu! to analyse thc capahilitics of various m~thod_Üio8ies 
in thc technícal design environment deScribed ih the pre· 
vious section. The remainder of this papcnvill thercfore 
discuss observed strengths and weakncsseS Qf· the exa~ined 
melhodologies as a basis for dcfining a sei of practica! 
critcriafor ev'aluating a methodology. Since no examined 
methodology fulfills all the criteria eslablished, the final 
scction states the nced for the synthesis of a" new meth­
odology responsivc to thc postulated criteria. As the term 
'synthcsis' indicales, this should not be a complete redcvelop­
menl, bul an asscmbly of lhe bcsl parts of alrcady propcsed 

----.~-~~~===~ 
Númber ol interrelo_llonsh¡ps. 

. · . fi_qt/re. 2: {J<!.ÚndG!}.' o(_ie~siói/i_ty for infU/lh'e /ogicr.JJ da(a· 
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. dcsign techniqucs ¡f,tcgrated.into a rrame.work c'apablc of 
: bridging cxisting mét_hodologiCal shortComings: · · 

METHODOLOGIES ANAL YSED.: 

O alabase dcsign mcthodologics with markedly different 
characteriStics and origin are cxamincd in arder to cover 
J wide spectrum of fea tu res. The selection under consider­
ation_ is limitcd but is a fair repreSentation of the tendencies 
noticeable in research in this fiel d. Two basically different 
trcnds c~n be observed. One appróach first genera tes a 
globalschcma and thcn derives local views from it; this 
approach is charactcristic of much currcnt work in Eur-
opc. More popula( in the US is an approach which first 
models locar views of diffcrcnt uscrs and thcn intcgratcs thcm 
to forma global view. Modelling approaches that assume 
diffcrentdata modcls, and which have the potential for 
futurc extc_nsion and rctincmcnt werc al so sclcctcd. 
Thc result Wa·s the selection of 3 methodologies, namely: 
Bubenko3

•
4

, Kahn 5
•
6 and Smith and Smith'--9

. 

S pace limitations dó not allow an cxtcnsivc rcvicw o.f 
these methodologies, and it is suggested that thc original 
work be consulted for furthcr details. Only thc salicnt 
characteristics and specifically thosc which will influence 
the evaluaÜon criteria will be cited. 

Bubenko's methodology 
Buhenko's .work has becn evolving and the comments 
made here apply basically lo thc version presented in the 
lnferential Abstrae! Modelling (IAM) approach 3

•
4

: The 
procesS can be divided into ·scvcn. itcr~ttively executable 
~r?ups of aC'tiVitics: . 

.. collection and speéification of information rcquire-
., ments . 

• .cntity classification 
• specification of functional dcpendcncies 
• abStract object ~pecification, integration and analysis 
o implied .information analysis 
• derivability (precedence) analysis 
• trdnsformation toan externa( name-based model 

Thc first step consists mainly in a narrative gathcring of 
information rcquircments and their formulation in terms 
of querics and transactions. The second step, the classifi­
cation of cntities into conccpt classes is not further 
formalized and appears to be an extraction of all the sub· 
jccts itnd objects (grammatically spcaking) of the query and 
transaction dcscriptions. The results of this stcp are highly 
dependcnt on the e are ·and dcgree of standardization with 
which the requiremcnt formulation was carricd out. lt is 
concCivable that information is lost or strange entities,are 
added because of poor requirements dcscription by the 
uscrs. An cxample occurs in the engincering dcsign ·appli­
cation context where document namcs are wcll-under­
stood concepts for a designer. In this case, it can happen 
that qu~ry or transaction rcquirement.statemcnts will be 
formulatcd in these terms, thcreby introducing a rcport 
formal into the conceptual model as.an ·objcct. Any change 
in rcporting procedure would imply a change in the con· 
ceptual model.. 

Thc grouping into concepl classc'i proposcd by BubCnko 
is highly intuitive and not likely to be formali1.ed because 
of thc application dcpcndcnce of this step. Howcver, 
guidclincs would be heloful.' 

The third stcp, tliC defcrminat¡on of funétí(~nal dcPen­
dcncics, is· a morlu mental tJ_s~ in :1· ~c'!;;u11 ic:tlly_-rich appl i- ·· 

? . 
cation. The IAM methodology recognizes various kinds 
of functional dcpeódéncicS. In the analysed context sorne 

· ··cxamplcs could be: -~'.-

f(1): tubesheet ·~componen! of- ... heat exchanger 
F (2): equipment function <-- id -..,; equipment 
identi fier · 
F(3): flowrate, t.Pmax --d--+ pipe diameter 
f(4): composition, temperature; pressure-- mat--+ 
valve material 

S'everal problcms are encountered in an engineering envir-· 
onment, the most difficult being who should define the 
dt¡.>e0dcncies. A database designer cannot be expected to 
be familiar. with every aspect of an application and hence 
cannot di'scern all possible dependencies. The user, on 
the other hand, has a limited percepti.on of the whole 
problcm space. In addition, some funt:tional dependendes 
[e.g. F(3) and F(4) above) represent design decisions and 
sorne dcpcndencies can be expected to chan&e frOm Project 
to project . 

The abstract objects are determined as a res~lt of the :,: · 
previous steps and it may be necessary"to itera te. lt should 
he noted that. this approach uses two levels of abstraction. 
Only later are the abstract objects mapped irito a name· 
based model. The implied information ánalysis comprises 
the identification of implied and derived assciciations and ·: 
the corresponding ruÍes. An association is implied if it is · 
functionally dependen! on a proper subset of the initial 
or identifying associations related toa particular abstract 
object. Jdentifying associations are thpse that cannot be 
removed without destroying the 1:1 correspondence pro· 
perty. Associations are considered derivable if. they are 
fully dependent on the set Qf identifying associations: 
The precedente or derivability analysis serves as a test to 
ensure that the initial abstrae! objects and the defined 
rules are sufficient to satisfy all the anticipated infor­
mation requests. This abstract model is mapped in the 
last step into a name-based model throügh the introduc­
tion of name sets. 

One of the intércsting featurcs of Bubenko's approach 
is the inclúsion of a time dimension, but this character!stic 
appears not to be operational. A strong point of the rf!ethod· 
ology is the separation of an abstract and a name·b'ased leve l. 
The use of inferred and deduced information provides a 
possibility for checking for consistency at the logicallevel, 

'sin ce variouS paths ~re available to obtain cerÚin informa-,. 
tion, but problems are the implementation leve! couldrise. 

Kahn's methodology 
Kahn'smethodology appears to be a good candidate to 
serve as a framework. A characieristic of tiÍis approach is 
the early separation of the problem into two parallel 
perspectives, the information structure perspective, 'whfch 
describes the interconnCctions within an organizatiün, and 

, the usage perspective,which is conc'erned with satisfying 
· the processing requirements within an organiza tia!), and 
amalgamated these two perspectives Should provide the 
hcst ovcralllogical dcsign. The separation into two per­
spcqives raiscs one important issue: should two differ.ent 
extreme schcm_<lta be 'dcsigned, one processing, thc other 

1 ' • • - • - ' • •• • 

_infqrmaiion·oricrited,which are m_erged·at'the cnd of the 
lo.¡_:ical doig,n ic_~ vil'.ld the éo~c:cptua! sChcrrla 1);. lhC' CrÚcr- · 
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prisc or should the design of onc, vcry flexible, infor­
mation structurc first be undcrtakcn, introdLfcing through 
a gradual rcfincmcnt thosc modifications thai 3:/low thc 
proccssing rcquircmcnts to he fulfillcd? An analy'Si's of thc 
cvolution of Bubcnko's and Kahn.'s work in thc lasltwo 
years shows a tcndcnCy towards thC sccond a·ppr'Oa~h; but 
ncithci author makcs a strong argu.inent for either alter­
nativo. Kahn 's mcthodo/ogy basical/y consists of 6 /eve/s 
and 5 stcps to go from one leve/ to the next: 

Levelt' 

Real wor/d 
requirctn_cnts 

Local information 
strUCl!JfCS 

Global information 
structurc 

Entity structure 

Reviscd cntity 
structurc 

Logica/ database 
structurc 

Steps 

Rcquircments stcp 

Entity step 
Relationship stcp 

Entity structurc step 

Refinemcn t stcp 

DBMS accommodaÍion stcp 

One of thc strengths of this methodo/ogy is th'c detailed 
spccification 'of thc input/output for each stcp, the major 
shortcoming is the lack of detail in thc availab/e papers as 
to how'on·e should.proceed to obtain par! of this output. 
· The rCquircmcnt stcp ís subdividcd into 5 activ_itics: a 

gross system analysís; a sclection of design path bctween 
information structure pcrspective and proccSsing rcquire­
mcnts púsPectivc with the formcr bcing tacitly Prcfcrrcd; 
a rcquirement technique selection; rcquiremcnt collection 
and spccificatibn; a requircment analysis to produce indivi­
dual informatíon rcquircmeryts documents. However, littlc 
information is given asto how .thcsc documcnts are p~o­
duced. 

Kahn 's methodology aggregatc>the local views into a 
community view and insists that cae h. u ser be responsiblc 
for his rcquircmcnts, therehy avoiding: Uscrs anonymously 
stating unreasonahlc rcquircmcnts. Thc entity step serves 
the purpose of dcsigning global.entitics which are repre­
scntativc of thc organization's aggrcgatcd nccds. An 
analysis of the activitics pcrformed indicatcs that this 
methodology arrives directly ata name-bascd modeL Thc 
aggrcgation· to forma nonrcdundant collcction of cntitics 
is one of thc more difficult tasks and is /eft largcly to the 
dcsigners' lniuition. An cquivalent stcp is carried oUt for 
rclationships creating global re/ationships, idcntifying 
conditional and existcnt rclati.onships and climinating all 
redundan! relationships. lt is importan! to realize that a 
strictly nonredundant global information structure is 

. obtaincd here which might be considcred as the initial 
conceptual schcma. 

·In thc cntity structurc stcp, thc global information stru­
crurc is suh~quently mappcd· into functional depcndencics 
and from thcrc· into normalit.cd relalions. Thc puhlished 
papers on this.ffiethodology Jo nót dc~cribc what s.pccific 
algorithm is u sed for .thc ~yi1Lhesis of norrn;t/izcd rcl;íiion.s .. 

• ,· '. •• • ' ' .; 1 •· • 

... , 
H~w~ver, according to BcrnstCirl 10 all knoW"n a/gorithms 

.depcnd on:two assumptions: the a'vailability of a kt of al! 
functional dcpcfldcnci~s. and th~ir uniqucrícss; i.c .. lharr_ 
at most, O"nc functio~al rclationship connccts oric·S~f~Ok. 
attributcs to another. The trcatment of.fuñctiOnalf.d·~~~;.c · 0~ 

- dencies in the published algorithms for constructiói{'o(­
normalizcd relations is strictly syntactic and, thcrefore, 
the algorithms nói only depend on a complete set of 
functional dcpendcncies, ~ut On a·complcte sct qf ~i.\: 
functiona/ depcndencies that cannotlead to invalid sy~_:'. 
tactic inferences. Kahn's methodology tries to e:i1c:lin'1Vértt 
this problem by resolving the semantic ambigulties irí 'pre·: 
vious steps. By obtaining the functional dependencies. 
from the global information structure rather than clirectly 
from the user requirements it is more like/y,thaúhe stric· 
t/y syntactic approach wi/1 be successful. However, the 
FDs sti/1 have to be checkcd for comp/iance with !he 
uniquencss rcquircments and ihc necessary axioms for 
construction of rclations. lf Bernstein's mcthod is u sed, 

¡ 
1 

1 

1 

1 

.. .•. l' 

l 
thcsc axioms would be reflcxivity, aUgmentation, and 1 
pscudotransi tivity. · .~ 

Once in the.form of normalizcd rel~_tiÓns, the.refine· ~ 
mcnt introduces contro/ICd rcdundancY, en sures idequate . .{ 
·proccsSing and accommodates security and Volatility .. q(: .. , . ., ~ 
thC datá. Howcver, Ít is possible that sorne of thc a'c.úorl'S: ~ 
dcscribed in this stcp wi/1 be u sed for garbagc colle'éifO·~· •. ,,. · ·.-; (' 
grouping unreso/ved i<sues and puttingth~m óui ofs'i'ght. ' 

TheDBMS accommodation step co'tlprisés al/ those 
actions riccessary for exprcssing the coni:P.ptua'l.schema 
iri thc DDL of a chosen DBMS and requires ttlat a . , .. 
mapping be possible from normalized.relation's to.the _;;,. 
model.supported by the selected DIÍMS. , .' ,·' ., 

Smithand Smith methodology· - , 

The mcthodology introduced by Smith and Smith ignores 
thc rcquiremcnt gathcring and analysis stage and assumes 
that the concepts to be integrated are available and are 
fui/y understood by the databasc designer. The basic 
prcmisc of this work is that abstractions ar~ thc means by 
which human.s undcrstand and manipulate complcx·~ 
systcms. For ·data base dcsign only abstract objcCts"arc con· 
sidcred of intcrest and they can be for~ed through ge~er-' 
alization and aggrcgation. An Objcct.is formcd !hroti~~<1r,'· ,. 
gcncralization from a class of othcr objects ignoring.'the·:· '·· 
diffcrcnccs in favour of the common propcrtics: An á"tJ::< · 
stract object is formcd through aggregation by naming a 
re/ationship among other objects. Repeated app/ication of 
gcncralization and aggregation to thc set of namcs provided 
by thc rcquircmcnt steP results in abstraction hierarchies, ~ 
which can be visualized as lying in perpendicular inter­
sccting planes. In this methodology the names carry a · 
largc portion of !he semantics. The authors contcnd that · 
it is inappropriate to asSign a fixed interpretation :·toan· 
object at thc.conceptua/ leve/. An object can be viewed 
as cntity, componen~, relationship, category, attribute, 
or instancc, depending sol el y on the vir.wpoint of the u ser. 
1 t is claimcd that sct thcoretical modeiS are less ~estiictive 
in this sense than graph thcoretical mode/s which tend to 
fix thc intcrprctati¡Jn. !f this is the case it wil be neces­
sary to·analysc what rcstriclions havc t~ be imposed in 
arder to map thc éonccptual schcma obtaincd throUgh 
abstr;1ctions into a graph orientcd DáMS ~ an'irü·po¡. ... ·_. .. 

· tant stcp sinccJ~rarh (nctwork) oricntcd"DBMSs úe C~f-n-~~- · 
"mcrCjc~lly av~ilablc·.· . · . . :.. ·.~e·' ·'1 . ..... 
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The mcthodology comists of ~cw basic stcps: gcncr­
alizat}on, aggrCgation, instar'lcc idl·ntificatiO.n and c~prcs-­
sion- in tcrms of an ab!i.tract syntax. Thc activitic~ of thc 
abstrac.iion stcps are highly intuilive and depend 'on tne 
insight 'and abstraction capacity of the database dcsigncr. 

·. IDENTIFICATION OF CRITERIA 
1 n thc prcceding discussion, the salient characteristics of 
sori'le éXisting rTiethodologies werc idcntificd.:-;l_n this sec­
lion a framework for evaluating dotabase dcsighinethodo-
logies is outlined and thc .desirable fea tu res of il'spccific · 
methodology proposcd for thc arca of intcrcst are.irl~nti-

. lied. 
Data base design mcthodologics may be charactcrized 

by the following tentativo list of propcrties: 

• cbmpleten"ess 
• · design strategy 
•, rcquircmcnt spccification proccdure 
• numbcr of abstraction lcvcls 
• ~ggrcgation proccss 
• · separation of information ami proccssing requirements 
'é · scope of the-model 
• use of functional dependcncieS 
• use of roles 
• :.'treatment of sccurity, update propagation, etc. 
• modularity 
• adaptability to automated design tools 

The coinpleteness of a mcthodology, incorporating smooth 
transitioris from onc step to thc next and adeé¡uate mapping 

·facilities to go from onc leve! of abstraction to.arÍÓther is a 
ncc.essary condition. for acceptability. Gaps in proposcd 
methodologies frustratc practising databasc designers and 
lcad to Od hoc extcnsions. 
; Dcsign str'atcgy for software is often discusscd in the 
form of thc debate 'top down vs. bottom up '"- The labell­
ing of a mcthodology as top down or rcquircments first is 
often confusing. For example, an carly version of Bubenko's 
methodology is referred to once as top down 11 and else­
wherc as rcquircmcnts first 12• In the case of d.ltabasc dcsign 
methodologies the debate can be reduced to thc question 
'what is thc initial imagc·of the ohjcct systcm?'. Whilc 
rcquircmcnb first methmJologies relate directly to thc 
physical object system, top down methodologics use a 
preconccived mental model of rcality which will,_most 
likcly, be incomplcte and biascd. For cnginecring:purposcs 
a rcquirements first approach is more adcquate. · 

lf a requirements first logical database dcsign methodo­
logy is advocated, it is ncccssary to cnsure that a good 
requiremcnt gathering·-analysing procedure i~ part of the 
sclected methodology. Thc nccd for this is recogrÍized by· 
most authors but is carried through only by a few .. Fre­
quelitly .Cm'phasis is put into the developmcnt of requirc­
lnent spccification languagcs an·d automated analysis 
procedures, which are h.elpful only when the physical 
reality'has been correctly pcrceived. The problems which 
are most difficult to eliminate arisc from fa! se pcrceptions 
of reality, rcsulting from a naturallanguagc barricr bctwecn 
thc 'dat;1basc naivc' uscr and the 'application naive' data- · 
base designer and thc lack of appropriatc tools for com-
municaticn bctwcen thcm. · 

Most mcthodologics, hJving thcir origin in a business 
cnvirOI_lmcnt, do not cc"lilsi(Jcf th~ n~ajor\ourCl· ciinfor­
mation ,wail<~hlc in cngmccrinp, cnvuonmcnts, tllc st.tnd,¡r- · ·1 

' 1 . 1 • 
du:cd cks1gn '01 umenh hH !~ dl,Ctlfl'':n: rcprt"'>(".Jts !lw . .1 

·r~cal vicw of a small portian of reality and is theretore 
án cxcellcnt start¡ng point in gathcring informallon 
about that portion of thc object system. This approach 
has provcn useful in the application considered hcrc imd 
has. the added advantage of being ver y economic as far . 
as users' time is concerned. 

Sorne of the analysed methodologies include two 
abstraction levels, while other include one. When·two . 
levels are used, thc naming procedur~ is usually.delayJif"' ,•; ·~· 
and first thc physical reality is modelled in· terfnS_ df ab~-1:7~',::,~~¡·;.~.,1 
trae! objects. Naming occurs ata lower leve! of abstra,i:tioli~. ' 
i.e. a latcr slage in the design methodology. lf'only o'ne: .. 
leve! of abstraction is provided, thedatabase designer, · '" ,. 
arrives immediately ata name-based model which is more · 
restrictive and may be more difficult to manipula te because 
of thc previously mcntioned language barrier and the 
scmantics conveycd by the na mes. The high semantic 'C<m-
tent of names makes the assumption that thé database 
dcsigncr understands the unique me;ming of each name 
and can resolve any naming conflict questionable. This 
suggests thf'. use of two lcve_ls of abstraction as the prefcrred 
approach. · 

A major diffcrence among existing methodofog]es is 
their approach to thc aggregation process. Such meth­
odologiesaim ata single conceptual.model, spanning a!Lthe 
applications in one step. Other methodologies model eaéh 
application separately in the forrn of local information. 
structures and later integrate them into.a:global view. For 
largc engineering applications the second appr6ach appeah', . 
to be better, but whatever the number of.aggregatioh siep·i~~·;·?.:i"'!i 
may be, except for thé most trivial applications; som~.; ;·:._, ~- ... ·.··.;· .. 
suppbrt is "riecessary Whenevcr overlap¡)ing of entitiCs" and · 

. attributes cxist. lt is this Point wheie most mcthodológies 
fall short and !cave the problem to the designer's iiituition. 

MethoOologies vary in thcir considcration of proccssi"ng 
rcquircments. Thcre appcars to be a consensus that·the 
info~mation pcrspective should be given pr:iority. Once this 
is obtaincd proccssing requirements can be· introduc:ed 
either by defining an extreme, processing oricnted schema 
and amalgamating it with the information oricnted schema, 
ora gradual refinemcnt of thc information rcquirements­
bascd schcma can be attcmptCd. The lalt'cr 6ffcrs severa! 
advantages. Changes are gradual and need only be carried 
out until the rcquircd performance is met, thereby avoid­
ing an overshooting of the performance requirements at. 
the expense of flexibility. However, it is necessary to have 
a good mon.itoring mechanism to mcasurc the effects of a 
given modification. · 

The scope of the model determines the degree of re/ .• ,. . . . 
dundancy at the conceptual leve!, i.e. should informaÜo~>>,"·~::"' .~ 

1
, 

.be stored explicitly or should as much as possible be , . ·· 
derivable. lf little informauon IS stored explicitly.and 
many infcrcnce rules are establisheo there may be alter-
natc ways of deriving dcsired information, thei""eby allow­
ing the designer to vcrify corrcctness at the conceptual. 
leve l. There is, howcvcr, a trade-off whÍch has to be con­
sidcrcd, especial/y in complex cnvironments. In Oider 
to obtain correct infcrence rules the func"tion<l{dCpen­
dencies havc to he known and this may be 'difficuit. li 
can be.anticipated than any methodology depending on 
spccifying a complete sct of functional dependcncies y¡ill 
nOt be stJitablc for thc dcsign of a complex 'cngineering 
<tpj1lication data base. Empha)is on infcrcncC of infor-
rnati(ln n_lrly also rcsult.i~ connict.s wilh the uscrs in our 
a¡ca óf' irlt1;re;~;¡. · incc rna-ny e:-!g:nc"cíing rle·.:i¿;n dr.cisiom .,.· 
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are infcrcriccs bascd on thc data storcd in thc data base. 
Thcrcforc extcnsivc use of infercncc can be part of a 
database systcm supporting loca! workspaces, ·but not 
in a systcm uscd as thc official record of a projcct. 

The varying fiexibility with which methodologies 
treat individual data items, either assigning a fixed 
rolo or allowing free interpretation depending on the 
particular vle\il has to be considered when synthe· 
slzing a mcthddology. lt is not feasible to intcgrate 
portions of methodologies which differ in their 
perception of the role of an ítem. 

Befare sclecting a methodology it is necessary to 
ascertain if there are any unresolved stcps that m ay play 
.íi crucial par t. lssues likc sccurity, and updatc propa­
gation are oftcn- found in 'garbage callee tion stepS' 
towards the end of thc mcthodology, but thcy m ay 
influence early stagcs in the logical database dcsign and 
should be idcntified at thc policy definition stcp to be 
resolved, íf nccess'ary, as the design progrcsscs and avoid 
costl y 'iterations and redcsigns. 

Modúlarity is a special concern in relation to thc pro· 
blcm of synthcsizing a methodology. but it is al so ncces. 
sáry whcn tryii-.g to carry out sorne tasks in an automated 
or computer·aidcd form. Design tools are seldom compre· 
hensivc and clcarly defincd stages with well-specificd in· 

. pul and outputare necessary for a design aid to be use· 
fui. · 

COKICLlJSIÓNS 
' : , . . 

Some existing methodologics havc becn outlincd and 
somo of thc characteristics discussed. This resulted in a 
series of_practical issues to considcr in constructing a 
·logical.database·design methodology for application in 
an engineering•design cnvironment. For the cnvironment 
undcr considcration all the scrccncd methodologics pre­
sented shortcomings. Consequently wc are curren ti y 
engaged in synthesizing a methodology with the follow­
iÍlg characteristics: 

• a requlrements first approach is utilized, even though 
thi> carrics some risk of bias in favour of existing appli· 

. cations and problems 
• the methodology will becomprehensive, i.e. it will 

include as integral parts (a) the mapping from reality 
· in the form of defined rcquirement gathering proccdures 

and (b) the mapping toa chosen DBMS in the form of a 
database accommodation step 

" the requirement gathering procedure will make cxten­
sive use of cngineering documents 

• ·issues like security and propagation of updates will be 
defincd at early stages and included in the reé¡uirement 
gathering/analysis procedure 

• guidelines for identification of entities and attributes 
will be gcnerated 

• two levels of abstraction will be incorporated 
e algorithms or heuristics for support of the aggregation 

process will be part of the methodology 
• a conceptual schcma that stresses the .information re­

quiremcnts is favoured, with introduction of process­
ing requircments through gradual refinement. Refine· 
ment will occur upon mapping into a DBMSdependent 

. rcprcscntation · · · 

-~-

• specification of obvious functional depcndcncies will 
be madc, but it is rccognized thai a complete sct is vcrY 
unlikcly to be obtained. lnfcrence rules for deriving 
information will be avoided in favour of cxplicit storage 
whenever infercncc would intcrfcrc with the users' 
decisicin process 

• the methodoiogy will be modular in ordcr to be able 
gradually to adapt automated design tools 
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. PROGRAMH!NG-!N- THE LAP.GE 
VERSUS 

PROGRAMH!NG-IN- THE-SMALL . 

Frank DeRemer 
Hans Kron 

University of California, Santa Cruz 

Kev words and phrases 
ROdu~terconnection language, visib11ity, 
accessibility., sca·pe of definition, externa! name, 
Hnking, system h'ierar:chy, .prote~tion, informat1on 
h1ding, virtual mac.hine, project management tool. 

Abstract 
WP. dist1nguish the activity of writing large pro­
grams from that of writing small enes. By large 
programs· we mean systems consisting of many small 
programs (modules), possibly written bY different 

.-people. 

We Qeed langua'ges for prograrrming-i n-the-small, 
i .e. languages not unl ike the conmon progra~m~ing 
1 añguages of toda y. for -wri ti ng modu 1 es. We a 1 so 
need a "module lnterconnection lanquage" for knit­
t~n9 those modules together into an integrated 
whole and for providing an overview that fonmally 
'records the intent of the progranmer(s) and that 
can be checked for consistency by·~ compiler. 

We explore the software reliability aspects Of 
such .an interconnection language. Emphasis is 
placed on facUities for infonnation hiding and 
for def,ini~g. l'áyers of v,irtual machines. 

l. Introduction 
Programm1ng a large system in any typ1cal proM 
gramming language available today is an exercise 
1n obscuration. We work hard at discovering the 
inherent structure in a problem and then struc· 
turing our solution in a compatible way. ReM 
search 1nto "structured prograiTITling" (Oijkstra 
1972) tells us that this approach will lead to 
r2adable, understandable, provable, and modifiable 
solutions: However, current languages discourage 
the accurate recording of the overall solution 
structure; they force us to write programs in 
wh1ch we are.so preoccupied with the trees that 
we lose sight of the forest, as do the readers of 
our programs! · 

Let us refer to typical langua9es as ''language.s 
for pro9ral11lling-in-the-small" (LPSs). Let us use 
tho term "~<Jdule" to refer to a segment of LPS 

· code C::efining one or more named resources. Each 
"resource11 ls a variable, constant, procedure, 
data structure, mode, or whatever is definable in 
the LPS. Preferably a module is one to a few pages 
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long and is easily comprehensible by a single per-·' 
son who understands the intended environment and 
functian of the .module. .-

We argue that structuring a large collection of 
modules to forma "system·' is an essentially dis­
tinct dnd different intellectual act1vity from that 
of constructing the individual modules. That is, 
we distinguish programming-in-the-large tram 
programming-in-the-small. Correspondingly, we be· 
lieve· that essentially distinct and different lang­
uages should be uSed for the two activtties. We 
refer to a language for describing system structure 
as a "module interconnection language" (MIL); it is 
one necessity for supporting programming-in-the­
large. 

An MIL should provide a means for the programmer(s) 
of d 1 arge system to exoress thel r intent regardin9 
the overall program structure in a concise, precise, 
and checkable form. Where an MIL is not available, 
module interconnectivity information is usually 
buried partly in the module?. partly in an often 
amorphous collection of linkage-editor instructions, 
and partly in the informal documentation of the 
project. Aside from the i ssue that each of these 
three areas 1s ill·suited to express interconnec­
tivity, the smearing of the relevant informat,ion 
over disjoint media is highly unrel iable. Eveil 
more unsatisfad:ory are the facilities for 'specify.:. 
ing and enforcing module disconnecthity via infOr· 
mating hiding, limiting access to resources, estab· 
Jishtng protectton layers, closing off-subsyStemS; 
etc. The lack of such facilities invites undiscip-
1 ined or even unsocial prograntning, as. shown by one 
of Weinberg's case studies (Weinberg 1971, pp. ·71· 
75). s 1 nce there i s no a u. toma ted means of enforcing 
the surface· consensuS of the .progranrni ng team. 

That current languages fail to support the global 
task of composing large systems was well argued by 
Wulf and Shaw in their paper entitled "Global vari­
ables considered harmful" (Wulf 1973). A respond­
ing paper (George 1973) proposed a scheme of de-. 
clarations to augment block structure as a solu· 
tion te the problems associated with global vari­
ables. The scheme provided mechanisms to protect 
variables from violations of various sorts by con­
tained blocks, and to allow ltmited access to cer· 
tain variables by selected internal blocks. Simi­
lar approaches have been sug9ested by others (Clark 
1971, White 1972, and ¡chbiah 1974). We believe 
that some of the mechanisms proposed were appro· 
priate, bu,t that they were inappropr.iately .Phced 
in. the LPS. 
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· That 1s, -we distingu1sh betweeñ block.struc.ture 
and module 1nterco~nectiv1ty. B.lock structure 
works wel'. on a small sea le-, but_ humans slmply 
Cdnnot keep track of nest.1ng lev_els after a fe'fl 
pages. Furthermore, and perhaps most iiñPortant, 
(OOdule inter.connecthity must 1n many cases take 
the shaoe of a~ or partial orderinf The 
more· 1 imited tree structure of nested b ocks 
torces us to place some'low-level modules at 
high-level places, extending their scope of ~ef1n­
ition to inappropriate places. lt follows. then, 
that we .need a' separa te hnguage, or at -least sep­
arate languaqe constructs, for describing module 
1nterconnect1vity, rather than complicating exist­
in9 constructs that are well suited for 
progral!l111 ng- in- the- small . 

Similarly, we reject L1skov's strong association 
of module interconnect1vity with data abstraction 
(L iskov 1974). We believe that both ar" necessary, 
but that they should not be tied together inextric­
ably. The programmer is the·best judge of when' · 
they ought to be used in concert; he should bé able 
to state his intents and to rely on a compiling 
syHem to see that they are carried out correctly ... 
We regard data abstraction as a technique that 
should be supported by an LPS, rather than by a 
global m.chanism such as-an MIL. 

·¡n genera , an L should serve as (1) a project 
management tool, {2) a means of communication be­
tween members of a programming team, (3) a design 
too1 for, ·and actual means .of estab11shing over­
all program structure, and (4) a means of docu-, 
mentiríg that.structure 1n a clear, concise, for-
mal 'and checkable way. _ 

.• Too-down. As a tOili!JUnications de vice it 
shou!d be especially effective from the top down. 
Th~t 1 s, i_t_ ·shoul d fa e i 1 i tate the structurin~ of 
a system by a pro¡ect manager (Weinberg 1971) or 
chief prograrrrner (Mills 1970) or "modularizer" 
(Maynard 1972), and it should facilitate the 
commun1cation of that structure to the relevant 
prograltlllers. 

One level at a time. Fufthermore, 1t must 
encourage the structuring on one level at a time, 
since we humans do not usually deal ·effectively 
with several levels s_imultaneously. Given a job a 
programmer should be able to switch to the role of 
ch1ef programmer for his subtask, assigning sub­
problems to his assistant prograrrmers via an MIL 
program, just as he was given his job assignment 
by his superior. Such· separate assignment of task 
and subtasks, via separate MIL programs, 1s per· 
haps most important when the chief programmer and 
his assistants are, 1n fact, one and the same per· 
son. The most likely person to attempt to violate 
system struciure, whether 1ntentionally or acci­
denta11y,. is the one who is familiar with more 
than one 1 e ve 1 . 

Bottóm~up. Of course, an MIL should also-sup· 
port bottom·up programming. After all, we fre­
quently gain understanding of a problem by first 
working on sorne of its details. Al so, .we often 
_can make use of subsystems that have already been 
wr1tten to salve parts of other problems. In such 
tases we must be able to compase systems from ex­
isting subsystems. 

Morlzotiul. Simtlarly, p"rogra!f~Tlers ata stnglt 
ltvel may neea to·communicate. Eacn mav need a re­
sOurce ~uoplied by_ the other. Or they ffiay be creat­

•'l ing co-subsystems. ·;n ttui sense of coroutines. Or 
? they may be wrlting mutually recurslve subsystemS.· 

Thus, module linkaqe in the horizontal, as well as 
lhe vertical dtr"ectton is needed. · 

Composition. Finally, when all the partial.HIL 
programs for a system are put togethel", they_ should 
constitute a complete definition of the· overall sys .. 
tem structure. The description should be readable 
by humans to a1d tn understanding the system. · ·Mare­
over, the comoiling system should print grap~ical, 
representat1ons of the system structure, preferably 
1ri several layers of detail, for ease of human con• 
sumption. 

Linkage. One may regard an MIL as being a 
h1gher-leve1 language for specifying how a "linker" 
1s to prepare for "loading" a progr~m cOmprised of 
separately compi led segments (Presser 1972). . 
Roughly, the linker must resol ve static. references 
to "externa l" names; i . e. names defi ned ex terna lly 
to each. separately compiled roodule . .A. distinction, 
however, is thai: we do not expect the linkage to 
happen after compilation but.rather ils part of 1t-

Proving-in-the-sma11. Thus, an MIL might help to 
alleviate the disadvantages of independent compila­
tion of modules, as addressed by Hoare (Hoare 1973). 
Modules can be small without sacrificing a proper 
descr1ption of the problem structure, since the . .: 
latter is·adequately and explicitly expressed in -the 
MIL program. Working with sma11 modules, we.may 
find it less prohibitivo to prove their correétness. 

Proving-in-the-large. A.fter establ{shing .l;he 
correctness_cf :he mooules, we may be ilbl.e to pro:-"e 
separately. on the MIL 1evel, that correc't modules 
work together correctly. Oue to forma.lizing the 
descr.iption of system structure via a .language, we 
may build a compiler that· can check that a System 
of rooduleS does indeed conform to the" intended 
structure. That structure might be designed, for 
example: (1) to hide certain information·,'(Parn.as 
1971) or (2) to build layers of virtual machines 
(Oijkstra 1972). Any MIL should inherently support 
these t~o concepts. 

Independent of fonnal and mechanized proofs 'of 
correctness, the protection and documentation pro­

. vided by the MIL program enhance the 'likelihood·af 
correct Construct1on in the first place·and cOrTt!ct 
modifications later on. 

Trade-off. One cost of this approach will be a 
more complex compil ing system than has been neces·­
sary heretofore. However, the compiler can be more 
helpful to us by providing more· feedback at early 
stages of system development. · The cost should. be 
more than offset by the increaséd speed and accuracy 
with which we will be able to construct 'and maintain 
1a rge s ys tems . 

.!!!.2urrmary, then. an MIL should: 
(1) encourage_ the structuring of a system befare 
starting to program the details; 
(2) encourage the programming of modules assuriling a· 
correct environment, büt without knowledge of· the 
irrelevant detalls of that·environment; 
(3) encourage system hierarchy. while allowing .flex­
ible, if disciplined connections between·modules; 
{4) encourage information hiding añd the conStruc­
t1on of virtual machines, i.e. subsystems whose 



1~ternal structure· is hidden·, "but which .provide 
destred resources¡ and 
(5) encourage descriptions of module fnterConnec-· 
tiv:i_ty that á re separate from the descr1Ptions ·o f .. 
the modu 1 es themse 1 ves. · · 

3. An example 
To demonstrate.the use of an MIL we graphically 
display a 'sarilple program structure in Figure 1. 
The particular system lllustrated fs a theorem 
proving program written in Algoi/W (Wirth Jg66) 
by Professor Sharon Sickel at the University of 
California, Santa Cruz •. The program was wr1tten 
w1thout· the a id of an MIL; w·e ted1ously reviewed 
1t after 1t was complete and factored out the over­
all structure. · The exercise took several hours 
because the structure.was not completely clear 
in Hs author'.s mind, nor was it apparent from 
the Program lis ti ng·, and because the .exerd se 
suggested sorne ways to 1mprove the structure; in 
fact, what is presented here is the improved ver­
sien. 
The .missing part of Figure 1 is developed in 
'Section S, culminating in Figure S. In that sec-· 
tion, we al so define the concepts that· are only 
sketched neXt. 
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·- · · Graphical representation. Any syst..n strui:'ture 
h. represented as follows:. . 
(1 ) No des and bo 1 d edges cons t itute the "sys tem 
tree· ~ each edqe connects a "Parent" (system) to 
one of its "ctiildren" (subsysteins). 

·,.. {2) Dotted 11nes go1ng upward a long the tree edges 
-~"t from·a ch1ld to tts· parent indtcate that resources 

"provided" by the child are also "provided" by the 
paren t. 1n other •ords. sorne of the resources pro .. 
vided by the child are passed via the parent to 
siblings and/or ancestors of the parent. 
{3) Sol id arrows, always between siblings; denote 
•s1bling accessib111ty links". These are establish­
ed by the parent. viz. chief programmer, so that 
the sibltngs may use each other's resources as 
necessary. . 
(4) Rectansúlar boxes attached to the nodes indicate 
LPS modules. Every leaf has a module. In our .· 
sample system, each module attached to a non-leaf 

-serves the purpose of beinq the "driver" of 1ts 
(sub-) system. 
{S) Dashed arrows ind1cate that some resources pro-. 
vided by the node at the. tail of the arrow are used 
by the module at the head of the arrow. The global 
aspects of the flow of resource names are addressed 
in detail in Section S. ' 

Refinements. Figure 1 represents the program at 
a high level ofabstraction .. As the diagram is 
further developed, specific resource names would 
start to appear and ref1nements would be made to 
access1b11ity. For examples, a parent might·give'' 
chil d access i bil i ty to on ly a subset ( "group") of 
the resources provided by siblings of the child, or 
the parent might hide some or all of its environ­
ment from the child. 

Pro~a~m~in9 versus structurin~. It is to .be • 
phasiz that 11 top-down progra11111 ng" of a syst.., · 
would not 'neceSsar11y proceed top-down relative to 
such a systein diagram. lndeed, we are likely to 
s tart by progra11111i ng the essent 1 a 1 a lgorithms f1 rst, 
e.g. those inside Thrm_prover here, ~nd deducing 
from the1r descriptions what would be the best 
form for the data to take and what innate opera- : 
tions should be supplied w1th the data, e:g. in the 
Clauses subsystem here. Adding'the names of such. 
data and operations to our diagram and appropriately 
refining related links would be working in a.dis­
tinctly bottom-up fashion relativo to the diagram . 
Nonetheless, we regard it as obv1ous that this 
overall approach is a top-down one relative to 
the problem being solved. 

Misuse of structure. We now regard the mod1f1ed 
Algol/W program as ·being reasonably well structured 
and the diagram of Figure 1 as.a good display of 
1ts overall structure. One exception 1s that we 
bel1eve the Clauses subsystem to be over-structured, 
1n the sense that the Algol/W program structure·is 
being used to ~ to achieve data abstraction. Un­
fortunat~ 1 y •. th!S techni que 1s both 1 ncomp 1 e te and 
uncheckable. 

f1gur• l. The system structurt for 1 theor~ p~oving ~rogram. 

It is incompleto in that all of the irrelevant 
deta11s of tmplementat1on of "clauses" cannot be 
hidden in Algol/W; one must rely upon programmer 

_self-discip11ne as regards the correct use of data 
mani pulat ion procedures pro vi ded wi.th the virtual 
data type "dause". The techniaue is uncheckable 
by the compiler because it does not know that this 
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part of the program structure is beÚ'ig used ~or 
data ab~tract1on. which in turn ls due to Algol/W 
having no data abstraction facility to hide the· 
details of imple~ntation of new·data types. 

An LPS.With general data abstraction facilities 
~Óuld Obvia te the need for SUCh misuse of program 
structure .. likewlse, an Mll- would él tminate the · 
necessity of using block. structure to describe 
overall. system structure. 

4. Thé Jniverse of discourse of MIL 75 
We now r.resent a. part1cular language, MIL 75, for 
describtng ·interconnections among modu1es.. Being 
quite new, it has recieved little use thus far, so 
~e exoect it to evolve further toward an optlmal-ly 
useful language for describing system structure. 
Of course; the language is intended to satisfy the 
object1ves stated in Section 2 above. lt would, 
however, be· a poor tool for enhancing reliability 
1f it innately included "harmful" or unreliable 
features. Avo1ding 

1
the latter must, of course, be 

a design objective of ~ny language. 

Mames. The universe of discourse of MIL 75 
consists of names: thé names of resources 
oriqinating in the· ·separa te modules, the names of 
the. oodules themselves. and the nemes of systems 

·. of. modules. 
· Extórnal scope. An MIL 75 program addresses 

the qoestlon of who knows whom within a cOllection 
of modules. It defines the scopes of definitions 
of names across module and ·subsystem boundades. 

·. It ·has r\othing to say about the scopes of definí· 
··t;on·s withln rrodules. these being defined by 
·'bloCk ~ure and/or other constructs in the 
: LPS: 
. ·•Static; not dynam1c. We emphasize that the 
1nterconnections addressed in MIL 75 are stat1c 

.ones, just•as the names used to establish'"'ili'e" 
·connect1ons are statically known, rather than be· 
ing computed at run-time. lñ"'effect, the MIL 

.program structures a global region through which 
the modules communicate. Thus, for example, Mll 
75 could be used as a high·level language for 
progran111ing the "global" declarations that are 
included in the compilat1on of each BCPL module 
(Richards 1969). However, MIL 75 admits of rather 
less restricted implementations, as moy be deduced 
from Section S. . 

No loadin~, Furthermore, 1t ts i.o be stressed 
that MIL 75 oes not address the problem of 
loading. That is, 1t has nothing to. say about 
when modules or subsystems are to be loaded, nor 
does 1t say what, 1f any, overlay scheme is to be 
use~. Perhaps we need, in addition toan MIL, a 
"subsys tem 1 oad i ng language" to address exact ly 
those issues. Presumably, the MIL program provides 
many of the right po1nts of referente for describ-
ing loading and overlay strategies. · 

No· functional s~ecificat1on. An MIL 75 prÓ· 
·gram does not spec fy the nature of resources; it 
only spec1fies what those resources are to bit 
named. Of course, the functional specif1cation of 
modules and subsystems is important, but that is a 
separate issue not dealt with in this paper. A 
good solution moy be to coalesce an MIL and a 
"function specif1cation language". Perhaps the 
latter would be a language of oxioms (Parnas 1972, 
Hoare 1972, Guttag 1g74). · 

-.e··· .. , 

. '··. 
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tj, 
No types. Si~llarly, ·MIL 75:does 'not provide · 

any ways ot' specifylnq the type of an object or de­
fining languaoe extensions. Rather it is Used to 
specify paths for transmitting relevint infonmation 
from one module to another. Sucn paths may be de­
fined for any na~d en't1ty that has its def1ned and 
applied occurences distributed over d1fferent LPS 
modules. · 

It is assumed, however, that the total LPS +MIL 
compiling system will do as much bookkeeping as · 
neces.sary to ·do al1 static checklno a_s soon a~ ih~ 
necessary 1nformation is available. ~ Clearly, tn;s 
will reouire a·non·trivial file system so that the 
compiler may keep summaries of_each module and its 
external connections for the compiler's own use in 
subseouent compilations and recompilations. :A mod­
ification of liskov's udescription units" {liskov : 
1974) seem to be appropriate for such bookkeeping. 

Accessibility. Finally, an MIL 75 program gives 
a particular module either unrestricted access to 
an object or nene at all. We assume that any re­
strictions such as "read. only", uwrite only", · · 
"read befare wri te'' •. "execute only" 1 and other more 
general monitor:ings, are appropriate to ·the ·doma in 
of, and programmable in, the LPS. 

5. The semantícs of MIL 75 ·<· 
The module 1nterconnection language MIL··75 can: be 
defined vi a attribute gran111ars (Krluth 1968); · 
essentially, an MIL 75 program speci~ies a tree .... 
whose nodos are augmented by attributes .. The latter 
are sets of resource names. In thi s ·s·ection, how­
ever, we define the languaae by·· startlng~·with:·a 
simple algebraic structure~(a tree} and réfi"ning_,tt 
step\Ojise. Simultaneously, the langua_ge:~oncepts · 
are presented and motivated by the stePWise devel­
opment of the subsystel!l• Thrm_prover, w_hich 't,S: tó 
b_ecome part of the system in -rigur~ 1. . . 

5.1 System hierarchy 
We concentrate on the overall system structure 
fírst.Since MIL 75 is intended to encourage·struc· 
tured programming. 1t imposes a tree structure on 
the system under construct1on. This. 11 System tre.e" 
expresses nothing but the hier,archical relation be­
tween systems and subsystems. For now, We do not 
contemplate modules or resources at all. This w111 
happen later, possibly forcing us to refine the· · 
system tree dur-ing the development of an actual 
system. Figure 2 shows the tree of the system­
Thrm_prover.. · · 

Ftgur. 2. A sarnple 'Ystem tree • 

Our guideline for the rough decomposition of the 
project into a tree is that each node should fin­
ally encompass an intellectually manageable part of 
the whole problem, assuming that adequate support 
is provided by other nodos. Conceptually, there is 
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for each system ~ree nade a·designer who is respon­
sible for the prograll'llllng associated wlth 11 hiS 11 

nade and who supervls.es the designers of its child·· 
ren. 

Oef1nH ion: A "system tree" ls a tuple 
T • (N, S, Pa, Sn, t) where ~ ·en N is a finite set of "nodes"; •-
(2) t is a distinguished member of N 

ca1led -the "root"; 
(3) Pa: (N-{t)) ~N is a total function, called the 

"pare.nt function 11
, such that ·far any nade n1 fn 

N the",re is a sequence of nade~ n1 , n2 •... , "k.. 

(k! 1) with nk • t and Pa(n;) • "i+l 

( 1, ~ i < k). . . ' 
The tenns "child", "sibling", etc. are defined 
in the obvious manner. 
Finally, 

(4) S is a finite set of "system names"; and 
(S) Sn: N~ Sisa bijiction; i.~. each node in N 

1s assoc1ated with a unique system name. · 

. When pre-er.ist1ng subsystems are used fn a new 
system. or when a very large system is constructed, 
the un1queness of system names may prove difficult 
to achieve: Therefore, the syntax of MIL 75 
allows "qualified names" (e.g. Resolve.Unify) 
for unamb_i gu i ty and "al i ases" for renami ng. 

5.2 Provided and der1ved r~sources 
The next d_edsions to be made during the top-down 
development presumably concern the function of each 
subsystem.· As the function of a subsystem can be 
completely described in terms of the resources it 
·uses and prov1des. we now consider the association 
of resourc_es wtth sjstem tree nades. 

Ult1mately, resources will ortginate In the LPS 
lh:ldules ... Pursuing a top-down appraach, hawever, 
the designer of any system tr~e node · p ·states 
the set of resources prov1ded by . p .. Then the- · 
quest1on ·is-where· these resources come from. 
Sorne m1ght ariginate.ln a module later ta be 
attached to the nade p, and thus are the direct 
responslbility of the designer of p. All other 
resources must come from any children of p. There­
fore, the.designer of p states the set of re­
sources ea.ch chi ld q must provlde. This state­
ment specif.ies the desired function of q, pra­
v_1ded that. all resources are adequately specified. 

As seen from the Oode p, the resources tt de­
mands from its children are called "derived re­
sources". The nade p may der1 ve resources from 
a chfld q and provide them te its awn parent, in 
turn. In diagrams, such a case is indicated by a 
dotted arrow from q to p (cf. Figure J below). 

Oefin1t1on: A "resourc·e-augmented system tree" 
1s a tuple TR • (T, R, Pr, Hp) where 

¡1) T • (N, S, Pa, Sn •. t) is a system tree; 
. 2) R is a finite set of. resources; 

3) Pr: N - zR is a total function (2R denotes 
the ·powerset of R); · 
we say that'R'~n provides r" iff r, Pr(n); 

"(4) Hp: N~ 2 is a total function; 
we say that "n must provide· r" 1 ff 
r,Hp(n); 

(5) Hp(n) e Pr(n) for all n in N; and 
(6) Hp(p) ñ l'¡>(n) • ~ for all pairs of siblings 

' p. n. 

Naturally, lt is a task of an MIL compiler t.o 
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·check that conditton (5) is satis"fieoj, '·"· that 
the.bottom-up flow óf derived ~~sourc~~ ~~.c~ns1s. 
tent. We allow set inclusion in.(5) for ,.,,,li~at~ 
lng ~ bottom-up approach, where pre-~-~~t1ng sub• 
systems are used in a new·parent system. 

5.3 Ar.cessibility 
Tne next refinement is concerned w1th ttle lnterac· 
tion between ·sibl ing·s. The power and the responst~ 
bility to establish channels for tr~nsmltt1ng 
names of resources between siblings ~est~ $olely . 
with their parent. Here we follow Parnas' po1.1~y 
of a "deslgner controlled infonnation dhtribut1on• 
{Parnas 1971}. Consider Figure 3, where tht "~1b•_ 
ling accessibility links"· are drawn as \011~ arrowt 
between si bl.i ngs. 

Ffgure 3. Stb11ng ICCI5S1b111ty llnkl. 

These llnks do not represent individual conn~­
t1 ons tietween modu 1 es and resources. Ra ther, . they 
allow the sibling at the ta11 of the·arrow to,access 
any resource provided by the sibl ing at the_ arrow 
head. In Figure 3, for example, Searc.h hes access 
to (any resource provided by) Resolve. For reli­
ab111ty reasons, access rights are non~transltive; 
for instance, Search has no access to Ref1n_e. Al~-~· 
the chHdren of Resolve are invisible to :.earch. ·. 
Thus, Search·can access a resource provlded by 

. Unify .if and only if th1s resource ls al so provided 
by Resolve. In short,"the··substructure of one s1b­
ltng is not apparent to another. 

The accessibility links between a setof sib­
lings may fonn any directed graph. Thus, the par­
ent may allow mutual recurslon between resources) 
·(e;g. procedures, coroutines, or data struct~res 
of its children. 

lnherited access. Typically, the occesi rights 
granted to a nade are also useful for most of its 
children. In MIL 75, a child inherits ~ ~efault 
all access rightS· that hav:e been granted to i.ts 
párent. In Flgure'J, ResolUtlon inherits:dcces~ · 
to its "uncle" Refine; in Figure la, Parse lnherits 
access· to its "granduncle" Clauses. 

. Alte~ná.tively, any parent may "wlll"· a chtld 
.nothing oran explicitly specified subset of 1ts 
own access rights, thus making the child less 
"privileged" and fonnally asserting that the child 
and all. tts deSceridants cannot exploit or dtsturb 
certain resources. lf a child iS to be part1al1y 
d1sinherited, the parent must ltst all acctss 
rights left to the child. Thus; if the parent 
later obtains additionaJ· access rights to vulner~ 
able resources, they do not inadvertently shtne 
tlirough to the l~ss privileged child. 

Oerived access. Naturally", a parent hu dccess 
to the resources that it demands f¡·om any of its . 
children·. However, all descendants of its children 
are invisible to the parent. Thus, we can build 
layers of virtual machines as in Figure 4, where 
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·the 'n!ost privi leged nade!> ·are at the ~t~ocn. 

Ft9ure 4. Prtvtle9ed nades a·t the bottCII. 

Oef1nltl0n: An "access-augmented system tree" 
1s a tuple TA • (T, Sac, lac) where 

(1) T = (N., S, ·Pa, Sn, t) is a system.tree; 
(2) Sac and Iac are relations on N~{tl~ 
(3} p Sac n (pronounct>d "p has sibl ing-access to 

n") implies that p and n are siblings~ 
(4) p Iac n (pronounced "p inherits access to n",) 

·' implies that either Pa(p) Sac n or Pa(p) lac n. 

oefinitíon A nade p "has ac'cess to" a nade n 
iff e1ther p Sac n, p lac n, or p = Pa(n). 

5.4 Module placement 
ge proceed to place modules into the system tree. 
With each nade, we may associate at most one LPS 
module, as ind1cated by the following. 
(1} Wit!l each. leaf n, we must associate a nKldule, 

. the "leaf rrodule" at n. ·A leaf without 
; .. !"''dule is not allowed, si_nce ~~ cannot provide 

any resources. · 
(i) .. A module associated with a non·leaf n may act 

·· as a "driver'' or "monitor" o~ the system 
.. ,·named Sn(n). Such a "root"module" at n must 
·. Oefine all resources in Pr(n} that are not de­

r1ved from the children of n. 
'(3)'A non·leaf without root module serves as a , .. 

structural ent1ty- only, making an integrated 
'whole out of its subsystems and establishing 
·a single interface ~o the outside. 

,'' ' \ ..... .., '--.-- ................. t 

'lo.----------------------.& 
Ftgure 5. Module plac~nt and usa9e 11nks. 

, Oifferent·modules might be programmed indiffer­
ent LPSs., The si té of the modules is primarily 
determined by their intellectual manageabil1ty, 
vis-a-vis prOgramming·in-the-small, and secondar· 
11y by the qual ity of the MIL program that binds 
them to9ether. For· 1f th! modules are too small. 
the MIL' program' i s· i nconc i se and · i nt reduces o.v~r· 
head; if the modules are too ·large, the MIL pro· 
gram does not glve enough information'about th~ 

. '.' ~ 

,- .. ·. 

. •,· 

system stru_~ture. 

Oriqln and usaqe of resources. For eaCh lnOdule . 
m at a nade n, there must be. two statements .in 
the MIL 75 program: ( 1) the "statement of orir 
listinQ· the resoUrces defined· in m, and (2) t 
"statement of usage", 1 isting the resoUrces tha_ .. 
are used, but not defined, in m. For clarity, the 
latter statement is d1vided into a list of the 
"derived resources" provided by chi1dren of n.'and· 
a 11st of a·ll others, i.e. those obtained through 

. sibling or inherited access. · 

The.compiling system must ch~ck that (ÍÍ .. the 
actual usage of resóurces by module m·conforms to 
the access rights granted to nodo n, and that (2) 
anY resource provided by n either come_s from a 
child or ori(jinates in module m. No node may pro­
vide a resource that is obtained through sibling­
access or inherited· acceSs ~ Such a flow of re­
sóurces Would. Probably have d·eleterious effects on 
reliability. · 

Usage 11nks. The compiling system can now de­
rive and graph\cally display .the .,usage links" ... 
dr:awn as dashed arrows in Figures· 1 and 5. If a . 

·nade n has access to a nade p, .. and the module m 
at n uses ·a resource provided by ·p, then a 
usage link points from the node p to the:module 
m. Figure 6 Shciws the.three possible•cases. 'Re· 

··call that the resource(s) provided·by· pc·'might' 
not ori91nate in the module at. p, if.any. · How­
ever, this is irrelevant to,.and hidden from, the 
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roodule m. .._. 

"!. 

' ·•. 
',',,, n~ 

'\.. ~----i 

Figure 6. Usage links. 

Figure 6 also suggests a graphic.al check on con· 
.sistency: we can always forma cycle by.travers-
1ng 'the_ usage link, zero or more ·tree edg"es ... up­
ward, and finally ene sibling accessibility link 
(parts a and b), or by tra.versing'thi!·usage link 
and ene treo edge downward (part e). 

Defin1tion:: A "module intercíÍnnection struc· 
ture" 15 a tuple . . ._. 

TM • (T, TR' TA' M, Mod, Or, Ud, Und) where 

(1) T = (N, S, Pa, Sn, t) is a system tree, 
· TR= (T, R, Pr, Hp) is a resource-augmented 

(2) 
(3) 

( 4) 

sys tem tree, and 
TA= (T, Sac, Jac) is an acess-augmented system 

tree; 
M is a finite set' of modules; 
Mod: N ... M is ·a partial, injective functión; 
such that Mod(q) is defined for every leaf q; 
we say that Mod(n) is the "module at n"; R · 
Or, Ud, and Und are total functions N ~ 2 , 
such that Or(n) ·= Ud(n) =·Und(n) = ~ 1f, ''n) 
is undefined; we say that r , Or(n) is 

' ... ~. . 
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! 
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, .. , 
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"resource originatinq in Mod(n)", r< Ud(ri).iS.a 
"derived resourcé used 1n Mod(n)"_; and r<Und(n) 
fs a "non-derived resource.used in Mod(n)"; 

(5
6
.) for every p,n in N-: · Or (p) n Or (n) • 0; 

( ) we define for all _ptN th~ set of ''derived re­
sources" 
O(p) = (r<R!Jq<N: Pa(q) p and r,Hp(q)J; 
then. for all piN. 

(7) Pr(p) e Or (p) u O(p); 
(8) Ud (~)-e D(p); arid 

. (9) r<Und- (p) implies (Jn)[(p Sai: n or P Iac n) and 
rd'.p(n )_]. 

5.5 Programming in MIL 75 
A complete M[[ 75 program consists Of a sequence 
of one ... 1evel "system descriptioris". Each is assum­
ed to be (re-) compilable alone, or with any·others. 
Put together, rhey can be translated into a module 
fnterconnection structure TM. 

7 

A system·description for a nade p con.sists of 
statements speclfying ,, 
(1) Sn(p), the designer's name, anda relevant date;· 
(2) Pr(p); 
(3) Mod(p}, Or(p), Ud(p), and Und(p); 

and for each child q of p: . 
(4) Sn(q), Mp(q), and (n,Niq Sac nl; and · 
(S) the _set W = {n,Niq Iac nJ either by enumeration 

(such that W e 1 is satisfied) or by default 
(then 'w • 1 is assumed), where 
( • {n<NI p !ac n or P Sac n). 

Phrases specifying empty sets in (3) and (4) 
above inay be omitted. Also, the name of ·Mod(p) may 
be left out 1f it is identical with the system 
name Sn(p). There follows a sample system descrip" 
tion.. ·-~ 

system Input 
. author :.-· 1 Sharon Sidc.el' 
~- .. 'July, 1974' 
.provides .4 Input_:Parser --­
conshts of 

root ·mOdu 1 e 
.-.--or19Tñit'es Input_parser 

uses derived Parser. Post_processor 
· üSe.S non den ved Langua ge extens i ons 
Sub~em Sean -

must provide Scanner 
subSVStem Parse 

must pr0v1de Parser 
nas-access to Sean 

subsYStem ~-
must prov1de Post_processor 

Groups. To increase the compactness of MIL 75 
programs and to encourage an even more ref1ned 
granting of a:ccess rights, MIL 75 also contains the 
concept of grouping (cf. George 1973). The design-. 
~r of a parent can define named subsets or "groups 11 

af· the set of derived resources provided by its 
children. Then, the parent can grant its children 
access rights to these groups. A group acts as a 
virtual child of the parent, but has neither module, 
children. nor access rights. The·compiler must 
c~eck that no child q has access toa group that 
provi_des a resource also provided by q, lest the 
descen~ants of q inherit access to that resource. 

6. Conclusions: The ~ain in reliability 
A module interconnect on l.anguage can be a sign1fi­
c•nt asset. It embodies a design methodology for 
rel iable software. It provides much needed forms 

of abstraction, expression, and ver1fication, v1s-a­
v1S prograrrming-in-the-larqe. It also enhances the 
effects on reliability that_are gained by other me­
thods: management styles; top-down,.modular. and 

. structured proqra111T11ng; .data aDstraction; and in-·. 
fonnatlon· hiding. Reliability is enhanced during 

·system design·, the actua.l pro~ranrning, system testing;· 
and maintenance and lllld1ficat1on •. 

System Design. Modularization, as a forethought 
rather than an afterthought, helps in finding reli­
able solutions to complex problems by applying the 
traditional method of "divide and conquer". The 
advantages of modularizát1on, however, are often ~ 
apparently offset by added complexity in the connec­
tions among modules (Liskov 1972) .• This is not sur­
prising; our problems are not solved by design meth­
odologies that concentrate only on fssues of 
prograrrming-in-the-small. We w111 obtain more Teli­
able software only if programming-in·the-large 1s 
recognized as a separate acti'f'ity .that relies. as 
heavily as does progranrning-ln-the-small, an a lang­
uage prov1ding abstraction. structure, and style. 

Programming. The results of the system design 
phase must be communicated to and among the members 
of the progranming team or project. Such conrnun1ca­
tion concerns, aroong other th1ngs, the modules that 
constftute the system, the position of each modUle 
fn the hferarchy, the resources each module must· · 
prov1de, and the access rights with which each ll'Od­
ule fs endowed. lt is unreasOnable to expect that 
this infonnation can be reliably transmittéd via 
anything but a formal language, or enforced by any: 
thing less than a rigorous compil ing sy_stem. .. ·· 

Testing. A substantial amount of. t_esting. can be 
done by 1ndependently exercising each mo~ule .. How­
ever, there is a wide gap between testing 1ñdivid· 
ual modules and testing the system as a whole. Per-. 
fonning on 1 y these two k i nds of tests· -i nvo 1 ves too 

·big a jump in levels of abstraction and results in 
a gap in confidence. ·rhe hierarchical subsystem 
concept of an MIL suggests a more gradual bottom-up 
development of the testing phase. Al so, the MIL . 
program states clearly,_ for each subsystern, the ·. 
connections to other subs}tstems and who, is respon:-. 
sible for testing. In short, the MIL' supports 
"structured testing'.'. 

Maintenance and modification.· Each connection 
and dependency between- modules is. durably document~ 

·ed in. the MIL program. No 1 ink between modules can 
be left out of the documentation and be forgotten·· 
the compiling system will complain. Thus, system 
rr.Jdificat1ons are more likely -to be successful. 
since their implications are more likeli to be fort­
seen when using an MIL. Furthennore. the hierarch1· 
cal structure tmpased by the MIL ma_kes it .easy to 
replace·modules and/or subsystems; and the comp1ler 

·can support system modiffcation by providing cross· 
references and graphs of system structure, ac_cessl· 
bility links, and usage links. Finally; the modi· 
fied system structure 1s· automat1caily checked for 
consistency. 

Qutlook; It 1s obvio'us· that we need langUages 
. for programming-in-the-large. · An MIL is but a firsl 

approximation t_o such a language, since 1t daes not 
include facilities _for the specification of the 
function 'of modules. An MIL may even be regarded 

·as only a "language feature" in the sense·of Hoart 
(Hoare 1973). lt seems, however, powerful enough 
to increase software reliability, even in the 
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absence.of other neederl.extensions to current lang­
uages · 
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INTRODUciiON. TO CONCE:PTS• f'OR ~O':JE:l.LING INf'OR"'A.TlON . ,. 
. ' ' 

From a problem~orientcd point_of v1ew, we can say that a databa~~ 
is the deii::ription cf an abatrac~ lt.odel of a piece of reality. 7his 
des_c:ription tu performed by a '13:lgUac;Je. It is an tfl'lport<'lnt and bas!c 
premise· of the aoproach presented 11'1-.this· papér, to_ dutinquish very: 
carefully be_t.Wen·· (al· the llbStract mOde l '·of "the· app11ciÍÜo!1-soeCif.ic •. •: 
piece of ieaHtv' and lhJ the lin"quistic rc·f-;;-rence to that model. In' .. -_ _: 
t.!:e lltera':ure,-·;artous tanr,<; are uned for sue!"• a:1 <1bstract ~:>del, 
!'.a. ~object svste:--· tsr;so;;Jl::¡: [ 18"1·, ft~hlnas of t~c r<'al ,,.,rl<.!" 
!SE:;¡;c et al. [~~il, ''tn~o~a~ion so:1ere" (Ff,LKEr:¡,=:pr: {10]). Ir. •_!~~s 

oaper, wo wil! use the Lern un1vcrs~· cf diSSt':.:rsc. A. un1versc of <.!ls­
eourse comoist11 of diseret.e ele:<Lc:'L~s. Durina a t:me oerioC, a unlo:er-
se of discourse mav-ehanoc, ~~w,~lements maV be ad~ed, exis~1no ele-
ll'lents IUY'be,deleted. - · 

·ro.deacr1be a un!verse of diseourse means to signif'' lspeeify, iden­
tify) · all ·1~11 el!U"c:tt.s c.~1aueh•, bv aid of soeeific 11nau1St.ic cx­
preasions. Sueh an exni-css1on,· si,mtfy1ng exactl·¡ en"' oie~ent of a 
univer~e of d1scourBe, we call a u~Jque si"nifi~'~lon ~~~re sccelfte, 
see f"ALXENBERC ( 11 ; l . 

•. conatdertnq"'..:.;leoe~t~ o~· a· Un"t ver;i.· .. ~~ dt$Course, ..,e. ñía}• e tstinquish 
bebreen (a) Stlllle lo.lndS of fundamen~al ehments and (b) so:n .. Jdnds o! 
semantie rules.ecncer-r.tnq thuse fundaz~~er.tal el..rne;,t~. This dist1n::-­

·•tJ.OI1 1S of.praetJ.cal 11!1bort4nce. Wnila !anda:r.ental·elements are ore­
Rent tn .-.each _·aopliCil':.lon, thC n•c:ess1ty· t'o use the onc or th<i ':)ther 
ki11C of ·sema.ntte rules de~f'tds on the aopl1cation oroblem. 

In this paper,,wP' ar9. only C?~ccrli<!c-..-i.Lh ~ne.question, .:-rhe.t k;nds 
o! fundlll'le:'Lt-41 •le!!Ot"n':s th~re.shculC !->(' 1n a. untverse 'l! C:scours"' 
Fir-st,, we give ar. .:.ntr'C>duetion tco,the -bas!C~conccpts and to s-Ófn-:·· fur­

.o;,her;coftcetits •. r..-.Qñ'We"di!icuS!I so~ .S1cin1fú''atton nrcl:.lcms, in se -r 
~at'IIS this i8 rit>~ss.ir'· lr: our CC:lt'!'X~. Fcrt!Jer.n•>:--•..', ve'c-:~nsider 
=~an~es of a u~.l _.,.r:ou ':)~ dJ .~CC"C.:!"S"" .• : 
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·j~ ··:2~ 1: SASIC CQMC[;P'f'<; ~ .•· . 

,_ Ul11verse··~f~ d-Í5counte .cc'nta1'n!!l :e>~.,-ertual. ~en tal Ul1lts "'~i¿h o'til!' 

d1.11~_1ng-u1ahable _frer.~-.one an_otner, at:or.>le•and d1screte lff.·natur•. ~ 
Thou elcllle_nt! .we cdl ohl•cts~ · WhBn· We -a.d: for· thP. 'Ú\fOrinatiorí con~ 

'tent· of·'an .objtct.; the· onlv•·kliowlcdnp """''t'ollVf!' a oriort"is tha·t 1t 
-, e~ist• :tn:.our lin.tvirsi·Oof-_duCou_ne: .E.xceot !thát·.- _e:-. object ·r:as no_ 

·.:/ -.1nformaUon·_contel1t-i~ itse_lf: We ';loet tn!orTIIatÚ:>I1'-c•:mtent,.1f ve_s.ay 
BOI'It>t.h1ng_abO\,It the--objf!'ct.}-!f w-e ~::msiC.,:- fact!:''co:-Lc-ernino- t!"li!:"ob­

. ject, .1f Wll assoeiate th1.s .o~jee_t·vit.;~ olher o!Jjf!'cts. For i1ngle, 
atomlc f~ct.,, _for~the amallest._lnfgrrr.l!>tJon-~ar_1ng• •lemenh o! a· 
untv~r~•;;_'co!.,.,~~"!:c~·u.r~•·:·~·u.n .the. t.e~ u.soc1ll':lOI1. ·~ 
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rr.tcr:na11v soe11ktng. an assoeia':iDI! contatns_ 11nC conneo::ts e:.j~::<:os~ ,. ¡ 
We m11y now ask thf!'· ~uesti::m. what is the nature -:lf t~ll ccntair.::-ent. • ; : 

1
-... -~. -' 

ami connectio:-~. ls an dS!>OCllltion a se-:: or c:-.jectn cor • t~.:t:le·c~~ob- ;:'.r __ ,f 
.JCCtiS~Ot ·w:t~at?,ll_efo:-e. answerJ._fl<:f· that~_q".Je:St.ion, let;·.?.s")._ook.,Jio.':; '"~-~·-~:·.{':·.·: • •~¡( ;,- .;··· ,.::: 

t..,o· llngui!>t.ic exprtJSS10na!~w. __ ;l. •• "4o:~o_art;was born_·in_.Sal:hurq· .. and .• :" ·t _ .: ·~··:...,~ 
~ •w; A.. ~loz~n·t 11Ved·in~Sal:bu_!10'ft·_l~ .... ~·us:=c··thc:·nCfris.al'·h~st.l::!-rt-c:a.!'~~~¡--:··~:;"-?··t :'~-'0-~ 

).;;¡owledqe <1S ·un1vers~ of discourse, ~- IUtiJ •. that _e <'le~ -~x::res510fl 'is .. a ·¡ ·_::,. -~ .;: ... _ ~ 

.untque st qr,l f_l ca ti on o.!. <11'1 a_$~~oiatlon between tvo objeCi~ ,.'!n bo:.h -4.:,.· ·.-.:~·~-\' .t 
cases the o!Jjeets a~e the same, •w; 1>.. "'loza:-";.~ and •sa!zl:>u:-d•. ~le\·er- · 1 -<--.;_ ."- ~ ._. 
thchHIS, the ass_oc1ations are:different·,.vhu:h. is i_nd1cat.ed b~· d~t'fe- 1-' ·<.,..- ... . ·¡ 
re!lt verbs. ·"born·· and ·livf!'<i·. TherefOre",: we c'a!-.nOt sey .th'it"ttte"'_ ' :--··~:'·.·.~-~·~w;~ 
or.l·1 cOI'Ioari'ents or associations are obJf!'cts; ·Tllere. has te be a fur- ¡ ._ ,;. · :·,:·::;-
~he:- ki nc! .. ~f- comno_ne~t-~. wh~ch •. :~e c-all~ r_~les :: .· •• .' . . } .' .·. ·.,o: . ''.-" _, -;:~::(i 
w.e· ha'!!' .n':':" introduc-=:d" th~ two' baste eOncer~t.s.?_o~ o_'-'r ap.oroach, n~- ~ .... -, ... (. • ~ 
ly · the • concepts .ob'lt-ct_ and :-olf!' •. There!ore, ve call our . .cpr::act: ~hf!'.·> . ~ .. - ·¿-; · • __ 

·:; · •·c~,i~ct-rolc ~odel;'•other Conc~ofS; "tno.Daitl<:'.Íla·r ~é C¿,nef!p':s as:occ!:· :-_·-.. .. -~k-.--p' .,· 
ü!:l'~ll anr1 t.vnc, are dcfl'lt>bl<:- hv ,:¡i¿ c;.f c;,esE" t:l;o ba<:le ·-::-::-~r-:-o':.s. 1 

! 

'' •• r ;. ·, 

'' .. 1 --' ·, 1 
' 

.~· 

i 
1 

i 

7hc mC's':; ~u'lc!iJ.-:le~.::al ,,~o<:>cts of ':.:-:e -:Jhl"!O:t-rol~ :rodel ~re •J-:.~~:-t!:'E':: 
~ortf'a!ly ¡;· ~;¡E' i'H'r<'-"n-::JX. 1.'1 ti-.~ :"-:>llo.,~r:-:;, ':.ras :n:X:e: <!:.;: :;;e:-:"!::..:;·. 
liaritH•s e:" it ar'! i:lus';rat.:-1! b•t ~xa~=>l('s. 
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we hilve se"'!". th.Íit tite co:-~ooncr.t.s" of .a~soctattOn:i' are obj'!:'ets'·anC =~ 
lec. Eac~. obJect o~ ar: dS!>Oéiatlor. f'le~;c; 1! apo;oclftc rol!=' ""1';hi:. tll-e 
a5S'1Ctat1on. It may be also ';,1-¡e case that an asscc1a':tor. ::~ccur~ as 
c-:>r::p":>:wr:':. :::" a:--.c~her ass':!cfa:::tcn. In ':.!!~'\<:- casf!'c; · ... e !'Oea:.. ~: ~ 
associa';lOns.. • . 

• • .:•· • <;.. 

Fnr.->a!l;·.S!""!a~.H'S•'an ac;soeJatJ>:<n 1!' de!"ln~·::l·;s,_ a !I'!"C. .;.~~ obi~e:-rCle 
or .easSocJatJ-::rr:-;role pair~. ~llth~r: a U:'ll'.'t>rse of ::!t!l-co::.rse, ~:-- ct-jf!'C': 
or an ásso_c:_llltlo!l may plaY !!cveral étfferen'; roles. aflC als'J a :-ele 

-ma}• be ass!gil~e to c;e•J~Úll -:Jbjeits 'o""i ao;s0clat1?~~·- · --· ~-:-~ . _ _;· .. '· 

lr. th~ !od.'l-..r!;,c, "C' o1·.·{' 
quo, st<,>r.l~Jeat.lons ;.."''-''>e 
te-:': qra.,)'uc<J:ly. 

c;·~-~e r·:<a':'.;,j.,~ ":>':' ~·rr.;lner<t ea!'es. 71-o~ ·.::'11-
:.c s 1 ::r_::. f;t ~:l" asl!!-:lCIII_t_::.;:;:.!= a; e ; :. : :.:s_:. :-a-
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. In thls ex•m¡;;lc two objeCt!l~llre_assoclat.ed, S!"fn!fll!':d ~y MPERSON 
·MlLLt:R• -•nd "P.ROJECT COB"'S". The·'person .olayj.;t.he role. th11t J1e •ts 
E.EAD~:R~ of a P.roject, whil.e the Pro'ject Plays'the·ro"l~ that it ''HAS 
AS L;:A!)E~~ a ¡:Íerson. · · · 

.... :::..-

Not 'atl apul1~<1tiOn cases are·,¡:; s1mp:.c .55. thc <~hove cxalllp~e. ·!n p<~~-· 
tlcular, ~ometimes more L:".o.o ~ .. .: object-rolc p<~.u·a may Le con111dered 
as onc a!lsoCu•LlOn, as one Sl.nqle fact. 
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rn thlS exa:r.ple we nave t~rN' ol,lcct~. sirrr.¡fJP.d·~-·.· MPHt,JI:CT Q:¡'\:;", 
··r¡~: h!3El..E" anc! M!".Itl;:; o¡· AR;:-.:u;: ;>¡;;:.::t.!:'' T:.~ rcl,;, e: tat. r.r;:_;;.ct 
1:9 "CONSlGNEf:",.· the role oí t.he f1rm 15 "SUPPi.If:R", an:l the role o! 
t.hEI k1nd• o! "art1cle l& "CELlVE:RY.", The three Obiects are, trom a 

'11tructural point of v1ew, en t.ne .smne leVe!, be:;:ause.eac:h ob')ect. ts 
···assoc'ta:e-tt-to:t.toth other·~nes WJ.thout prefereneo. 

' There may be ot.her c.sso:H¡, wnerP •ucn a prcference CXl.Sts. For ex~p-
lc,· Me' ha\•e thc hinary assoclations, u.at ct•rtain Dart;CltlS earn C<'r­
t.un a;nounts·o! moncv !'>er rnontll. !f we coni01<Jer-ln ad•l1t1on the his· 
torlcal J~\'clopmcnt o: 5-.'llaril!'!~, we have to add the ciatoJS, when t.llOIH' 
facts !persona earr,~!'1a I!Uno~~~~~ o!. mon~yl_. Leq1n or 'end. 
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ln t:erns of ~!>" t':.q'e~~-role modt>l, we :c~r. !r.~,¡r~:et ttus eio.a.r.Plt- ~· 
• ~ollows: ':nere ;,re t.wo oojects, !iiqnlfte>i :;y."PEf.S~.~lLL.ER• •nc! --· .'·, 

~;~~!:';'!' P~~ ~~;~~~; ~; ~i:(';,:¿u~~~~ ~~: ~~;~; /":d ~~r=-;~~! · ~·-~~--.::~~i "!t , :1 l.~:: r • 

Jnoney ia t~at· 1t -·.!s SAL.ARY 'Pf:R MONTH• of· act.~ra-c.n;~Tt>e Who.Le, aalary· ~ 
.ts~oc:i"~'"''· i~ a!'.;st.=:~tet! to ar:other o!':_;e;;-~~ uq-rn~:(d ny •é~A'I'i l. t. 
-:-:· _l•.· 'ulr ..::· t~ ..... »a!ary 3Sst.=:..a.~_lo~ u; tC•l. .a.~t;.;..:; ~s.~;::.;u.;.•.' 
date·,' ah~ .u.e role, of. the d•to .1• ;-~~At it _"~I!' aDO:W~ _ ofj:~ ·~l•ry·,, .. \; _¡..; 
aa•ocia_t.lon.:..-, ": •. ·' '-· ., · . "' ·: ·•· .·,~, .... 
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2.J TYPE:;· .;_ .',:;!..,.~r.:,:y-~·;~ ...... ~)~: 
lt u"liiual 1~ co=unfca.üon;and,·t'n pt~:'t.l~d•r,:al.sÓ ln·_d.ta,baati. j 

· t'ecnnolo<Jy to dual ;with ~ of clc!<!enta.· -.\Q •ctuallY .. •t:·a · Certu.n . · '· 
1 lnstan~ of ti'!t<" tn the un1vera~6o~ di_seo·I;:u· oluS~n•f'set: . ."'!f ¡le-.".~ 
11'4HilS, bel~ql~q :to a,· .s¡:"t!cHic· typo_t .. ill =~!1-ed a. pooulaU~~.of·. c.n.n: · . , . ~~~·· 
type. A 10Jnqle element bclonqtncr to·a s.peclf'ic,t.ypl<·h ca%e<.l &1'1 ••• l 

· ~ of ~~t.ft"ypo ltlURCHUUI..Z~{9Ji~.~ .. ,,.. '·'~ ··''!. 
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F~/ );~·{.~ .1:.;~~~- ; -~~~--)~~~~~::~ :-. ~-~!~~fff~~~f~~~t~~e;e:~~s·~!"~~~~~e~~~c:!~~~~~--I~~e~ó~;d ~~~=~~- ~~P~; · :- -:~ 
,. "·-~- :.,..:followinq Wll}': Several ossoc1ations belonq to the same't'.,.pe, if die ·· 

'sets.'ot"•l"oles, occurrinq in each one <'lf these assocfat.lons, a~e 'iden-
tlcal. -- · - · 
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Thf-se. two Aa._s.oct.i~i;;,n.s··-belonq t'O'.the aame:~;pe, because 1n.bc-.:h--.i15,.. 
lliodatiCms the sarile rolei occllr~. signified,by "HAS AS -BIR'!'HDATt:~~-an..: 
•Is_,BlRTHDATt~_._·-·· •. -.. -- ,. . ;¡:· 

· .. 

··,-,.;.·. 
·. 

. 
Aiso ol:.>JPCt tvo~~- ~a·1 nt: de! ined by ald o! thf' r-ol~ :::n¡_:::.e¡::::.: S€'' 1 !?:r.Ü 
oLiects belon~ t..:. t::e 5.ill:'"' tvpe, 1f tnesc ct.1ect.s p:"i' a: le!l'!i~ .:::e 
role 'in'coJtUnon: FollowlnQ that.deflnltlon.ln thf" "t..ove.exampje, L.'l.e·-· 
two objoCta ,uqni"fúi:l: by~ ~PtRSQt: A'" ·ani:l .. ~PERSO!i, B~ m~y ~heloñ9- to ~the 
Sarlu.<typé\'-.-beCa~'se. tnev. náve ·.a role 1 n ~COINIIOJi, 'namc l y -HAS.' A'::~llfR'tl!-. 
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"{._;.,-.· -· . __ ;··~,;~ ... ~-- , ~ \¡-~~s ~~~~~;¡~l ~~--~t~h~~a;h:~:::y d~!1-~~~~~~:-~y~:-~a~7c~-a~~~=-~c~~~er-·: '-·~; :;,-· .: ·. 
·.-." : .,,;;- t ü• :;.;_t:u~les~.-.- t!'ICI:It:_,~ddl_ni~lon~>A"re not 'at· a_ll :.b'ini:Hr:iq. •Normally;_ ir .. l'bo.-~· -~-~- 1

:_; ' 
+·._:-e !!!j,[: ·;;. ·-~ •. _.c1n9..:~t thtnqa frOIIIJsevere.Lpolnts: of \'tew~. one·el_crnent-.of a unl.verse' · · :_ · .-j •• 

f". -~(·-. ~--· -~ol -discuUrsie Jii.ay-~ itlstance·-or -several_ t.yr-é•. :Tnh·n~eamo. t~s;lliey-: '"<-:-·.'-· 
~.;,1.--;:' be ovo•rl.AJ?p1ng. · • · .. " · --,- • · · 
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·~-·•.:!¡ -·2.i 'l':IGNlf'lCATlotl ASPCCTS • ,___-." '-'' • ': 

'"-' .-:.":.-· ,-- •. :~··- • - "¡• ' - ~-'··. _, ' ' ' • -··' • ,.:_ · .. • -:' . ~ .¡ . 
...;;'-'.- •· ::'-~~-i~·-• ·'"l--ln ttlo'tU>ave-,•xa~~tDlés;.. we;have'ct1011en i-elativelv aunple s1gn1~1ca- ·- ·.( ' ' 

_.. -~- . .:: .·:/---.,;_::·~-- .:.' . ,,;;;._:;;--...- -~-~ti."ot.·¡,;:tc{ st_(JÁi fy~ t_he-ohject8 &iid- roles -·ot. the rep-ra&ented :usccla--._- ·.- ';. -- -¡ '. 
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... _._, -~- -~ t?~.;~:~·.~~.·.:.~.L.;.-~~.·.~:~.~,>.·.~·i .. ;..:,·~ : --:~Ucini•.-U_~I_q~'!l~ •. ·FDr'.u~ole, --~•- .h,Ve- a.~.li~ed t._~-~ t. :tn_e ~ot.rlnci ~ ~~~~?";·? .·.f .... · 1:-•• • .. :··1 
'· _ ,. • _ • ~3HtLt.tR~,.'-1S·a:.unlqo.te stonlftcatio.n of an-"object;. -Tha~ ;us~t1Dn-1'lq -·_ 
¡,·:·· .. : .. ,. ·.: o;,y.'••lid lf:<he· !odi•·idool nomc "MILLEM" 1• onlqoe """"· <oe · ! 
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¡On .the· ather.~h.and ,---._1 t'- i•.,c!'ten coas1ble-.to~allt¡pl1!r ,.-Uie stqm ftca­
-tlon!l Ot· ioles.-· 'rct ·e·,.ar:ple, 1 f 't:here~á_re oti'ject.a: ¡:;li!Jjlr:<¡ only one 
rule woth:n tnC' u:s1vc:::-sc e! dlSCO'.I:-Se, anó t.r:e g¡q::¡fic"-tlCtlS cf" 
tr.-ese ~~~lcc~s· .. u-~·. t:h~.!ioen. 111 a:-1 4ppr0prl-3t,e '<~ay, _tnc? t::~s. rc!c :aaY 
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For -ex~ le~' let us consider 4 .ailllarv 'assoC:iilltion bec...-ea 1-Q_~~Wtt.' ,:, ":_.,:'::;'~-"'. _.,_,;:~ 
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2.;. CH.r.NGES OF THE UNIVERSO: OF ni SCOURSE 

To cr.anqe o un1vcrse of dis~ourse Jl'eans to add or to celet..:o n·.:::.:-:-•a­
tJOi-1-beart:nq ~lements to"respectively'frOl!l"the. un1verse of d1scouru!. 
T::1s mean& !or O\.l.r apor~ach tnat. o::ly assocl.'lt¡cns "'":'be .'.1<-l::it:.;J ~• 
Ctoleted. lt .is .t>llowed t.hat the. associat.1ons to IJe aadea t.>e1:~nc: to 
new•t.ypes·. lt lllo'IV elso·haPÍ>e:l that. the ,,mole popuuUon of 'an ass'oCi-

0:,.;~~-=~~~ :_fti"~-~:~n~~r~~:~~"i~~~!t~:" p~:~:~;re;.~~:-.=:t-t~::t~: ":/:f;¿_:~~~ 
j'" .. ,, ·.-, i-laVe an iiiSSI'lCiillt.:on between tWO ·ob"ject.!l, naMlv" betweH ,. certaiD ~;.-: ->!_;_,;-- .. -' i-":::0 
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' ati\OUr.t 'o_f monev.o1nC ill certal·n- penoii~_'The !&c:'t .thllt. ---~d á-~U.ut" •• : ;"\. ,--, ¡~· 
· • n4J!Ie and 11 l.Í.st nanle (or orobablv sQDI6th1nq el!i-0! hk~ tt· personn=l 1-_.- _; ~·.-::o:-· -.. ·._:>:;;, 
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. ~- ¡':~· · -·· un.lquti" st9n1 fiCatlan ó!, the.:one- · ob]ect ~!ttle". &~~~ouftt_ OF1r10neyl- u ump-:.: -_~;;¡-.-_;:,:· .:-i: .. -..5f 
le, whll'e tht" uni-::~ue si9ñfficat.1ori of th .. othe~ Óbj•ct-ft.he P.rsonl ... · ->- d ·· 
:" m:::>rt: ~-Pll:::4:.t<.L · · --· 

Ti11s att;;...;;;i.e prevcnts us fcom hav~n(l to an:;·..-er t-"le ':!uest:o!l ...-netner 
tne tirst naroe or the last M&ll\1:! Cillcns the 1110ney direc-tly,,:,n 111~-:. 
t.r.t.ted in t.ne ful~o-,.lnc_J. 

-?'. .'(• 

··--· ·.',,. e_ .. ··~ 
1 

1

: at1on type w1ll be deleted if th1s tvp" 1s o! no morl! tnterest. C~.Jn-
Qes o! the untvetse af C.ll:iC::lurse mean therefore, th.;t -nc:. o:-.iy 1n· 

• st.<1?Ces nt3J cnange, but also t.he sc::one· of intercst, ~r-.e ty¡.-es. ... -~--: ; 
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We hav_., .,mphasltcd the··tmpOTtanCe'of consldeTtn,J' what are the sll'tall• -• 
Ost lnforl!latlon-be<lrln<J · elements of •ti uni.VC:t.lie 'of dl!H:oi.lrioe, 'What are·,·­
.iingle f<lcts: We allow n-ary ·asso"ctations as·well as nt>sted ·assccta­
tions. '!'ras is ar. aoproach which en<lbles us lo salve the pr.oLlem of 
structurtnq a univ~rse of d~>•course 1n a ¡:orectse and straHlht-t.::lrt'-
""anl m&nner. Anctner p-:::>lnt Wf!' :ave empt.asized is the clea.r distJm:-

. uon of tne problems wlta r:.; .. :..:: ·to ,t.he un1vlirse of discourse trom , 
tr.e·sJgn¡fi.catlo"n oroblems. Also, thls o?int c:en improve pTeciluon.-

We havc_ 1ntz:-oduced a f_alrlv su~Ole system of conce~ts. Ttwre are only 
two ba~uc concepta, namelv ob'¡ec:t and role, by aid e! Whlch tne oH.er5 
are definable,_ · ~ 

To fulfill t.ne c:riterion of evolvabllitv, we sugqest la) to avoid un­
¡¡~·ce5sacv dlStlnC:tlons llkl.' that. l..ctwet:n prooert;.es and rclationsh:os, 
aml (td to allo..r (semdr:tic:a:ly ~rrec!u..::~.>lod r:-ary dSS:>ci .. ti:JI• "Y"e"·· 

Trdnsfozma~ilit.y na.; t.o de not or.lv w>th the c:on~lderatie;on .:.tbout. tnt: 
un1vursc ot dtscourse, hut .ll5o ar.C, in nart1cular, w1tr1 ~n" siqnlfi­
t•atJ<>n .. sp.,cts, Thls po:nt 15 <!cmc,nstr.:tt.<:U lJy tn.:o aut.n..-r t:lse..rncrc 
[ 11 i. 

:..J1th reqaro to n.:Jturalness, comon:~henslblllty, tcacnab!l:~y anó prac­
tlcabllitv wc dispense w¡tt; drqun:cnts. Tney mav be !ef"t t.o tne )udq.,-
mcÍH . .J.nd "t.iHl~u of tn"' readcr. · 
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ABSTRACT 

This tutorial focuses on the _application of 
software engineering techniques for the develop­
ment of data base systems. It is aimed to ex­
plain a key concept in software , engine_ering 
- the module or abstract data _type concept -
and to demonstrate its usefulnes!'! in data base 
syetem structuring and désign. 

1. Introduction 

Data hase systems, as any other kind of software 
system.s, are expensi ve to produce and maintain 1 

and usually of low quality. In a great number 
of empiric studies the nonexistence of a ration­
al software technology has been identified as 
the main reason for this so-called software 
dilemma. Thus, the identification and formula­
tion of fundamental principles for the develop­
ment of software systems in general, and for 
the production of data base· systems. as well, 
are now o~ growint.; tntet""est. -· · ·· ' ' · 

Due to the .very well-known human limitations 
in dealin"g with complexity, both the_ complexity 
of the system development task, and the cómplex­
ity of · the .system itself, are considered to b_e 
accountable for the difficulties in the develop­
ment of large or. even rather small, software 
systems. In arder .to manage these complexities, 
technologies are now available, or are under 
devel opment, which impose a discipline on soft-
ware production and structuring. · 

A programming concept central to the ·discussion 
about ·a software technology_ since a· number :of 
years. frequently termed ·module· or abstract 
data type - is considered to be the base .. for 
a solution of the principle problem mentioned 
above (PAR 71, PAR 72, PAR 711, LIS .. 7.4,. LIS .7.7, 
WIR · 11, WUL ,76). Consequently, · this paper is 
aimed at explaining this concept· and demonstrat­
ing· the impact of its use in data b"a.se· sys~em 
devel~pment. 
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2. Thc Modúle· Concept 

The r~cent ,history in programming has preven 
that ~ha languages used· to formulate programs 
inflüChOe the style of programming and conse­
quently the- shape of.the programs. It is there­
foré assUmed- _that choosing the right .language 
feBtures may also encourage .good programming. 
The module concept explained below 1s considerad 
to support · the productton of well-structured, 
~eltable, robust and verifiably correct 
programa. In arder to ease its understanding, 

·the concept will be intr.oduced here step by 
step. For t.hat purpose, we firs·t give a 
definition . of the concept in BNF. nota"tton. {for 
those readers who rtnd descriptions· in a meta 
language more comprehendable) and explain then 
its characteristics· and ·advantages with a simple 
but nontrivial example (for those readers who· 
prefer a more 1Óformal explanation of the 
subject) in a n"umber ·or tterations. 

.. 2.1 Baste Dertnitions 

In. a f"trst iteration the concept may be defined 
as· follows: 

. ( ~~díJ~e) · .. :::: (interface)<body) 
< int~rrácie): ::module (module identirter> 
· . :. .. · ·. · --- (operator list) 

(body )' ::=begin (data def1n1t1on) 
. . · ' { ( procedure de finit ion);) 0 

~ 

~ccord~ng. to this def)nition, a module consists 
of two ·parts: an interface and a body. The in­
terface contains a set of identlriers which may 
be referenced to gain access to the body or the 
module. The body is a program in som.e program­
miitg language. As will be shown a 11 t t le la ter 1 

the concept has been defined this way to support 
. the rather distinctive requirem.ents of a module 
user and a module implementar.' · 

A sample module dertnition using a high level 
language notation would then take t.he following 
rormat. 

module FLIGHT SCHEDULE (op
1

, op
2

, .• ,op
0

) 
be~ modulebody 

end modulebody 

·Thls deftnition ·introduces· a module called 
Ft.IGUTSCHEDULE. It 19 worth noting he re· that 

. the module is named after a certain sort or 
data, thus indicRting that the module has been 
de~igned. to be invoked for thé creation and mani­
pulatlon or ~ ObJects o.r thls sort. The in­
terface .or the module identifies, thererore, 
this sor.t of data, and au the operat.lons·appÚ.­
cn.hle on those data. Stnce the text or the 
moOule body 1!'1 not of lnterest for the- followlng 
di~cu~slon, we will ignore it ror the moment. . --~ . 

·-,. 

This ".data driven~ module definition is rather 
different from the more intuitive uSe of the 
term uiodule in today's programrn'tng' practtce.­
It will, however, be shown· throughout the rest 
of the paper that ·th1.s notion seems to be ade­
quate to overcome a great ·number or today .. S 
programmtng_problems. 

A number or terms closely related to this no­
tion of module, and equally important, Cor the 
understanding and fUrther .~xplanation of the 
module concept will be defined · now in an infoz:o­
mal ~Y· 

The desired .relationship between all legal ln­
puts and the possible outputs. oC a.ll the ·oper­
ations of a module .will . be called the functions 
of that module. 

The speclflcation of a module is an 
tion independent more-or-less formal 
of the functións of that module. 

implementa­
description 

"•·' 
,-

The implemeñtation of a module .- its . ~o.dy -;'. is 
the program téxt for the dafa definitiori 'part 
(denoting the i~plementation of the sort ofr-d8ta 
pertlnent to that module),· and for: ail. the: prci-

.. cedure definitlons (denoting .the implé·me-Otaúon 
of the oper~tlons pertlnent te that module). 

37 
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A program c'onsists of an arbitra~y · number or 
module defiriitions, · as explained abÓVe ,' and. án 
arbitrary number' of statements eách ref~i-enc.iÓg 
a certain module and one operatiori de·nned· in 
that module, e.g., 

.•,. 

begin 
'' \ ~ ' 

Mi module definition a; 

Mj module definition b• • 

sk ~adule identifier a.opm¡ 

S module identifier a.op
0

; e ••. l 
¡ 

S ·z module identifier b.opt¡ 

end 

A process denotes the ex~cutlon of module defi­
nitions and statements for an. appropriate set 
of input parameters as defined in a prOg~am. 

2.2 The abstraction principle 

We 3re now ready tO explain how the data-driven 
module notton suit's the requirements of the. 
mo_dule u ser. and t~e module implementar as well: 

· It 1s the user~s· interest to employ. the module 
conCept to construct programs. Provided he knows 
the function of a previously defined module 
only the interface, whlch · contain_s all the in~. 
formation necessary to make·· prOper use .of the 



' \ 
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r 
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module, must be visible to him .. The details of 
uie module implementation oontained in its body 
would be an unnecessary burden and will remain 
htdden. 

The: module implemeOtor on the other hand is 
re:!!ponsible for an iinplementation in accordance 
to e .given specification of the functions of 
the module. 

In both · cases an 1mPlementation-jndependent 
specificr~.Uon o_f the functions of a module i_s 
necessary. The module user · needs · the speclfi­
cation to make sure the employed module has the 
intended functions and the module implementar 
uses the specifi_cation to implement this func­
tion 1n a complete and corrtct mannnr. Conse­
Quently 

1 
an implemcnta:tion-in_dependent spec1-

fication of the fun<'.tions of a module is an 
essential part of the module concept. 
(It woulrJ, of cour.se, be the 'ultima te goal t_o 
make the specification of the function. of a mo~ 
<lule: 'a párt of the interface which can be 
Checked automatically to en!iure the proper use 
of . thc module. Since a· concept for the computer 
rePre~entation - and interpretation of runction 
"spec:\.fications does riot" exist at the rooment, 
we ·w111- consider them ·as aside from the module.) 

This partitioning of information according to 
a' ·certain need to know, i.e., t~_e retention of 
the es.sential tnformation, and the .suppression 
·or · ihe _; inessential· details for a· certain pur­
posé,' is considered to be the key concept to 
maSter ·the complexity in information handling 
and_,iS .!Jsually called the ab~traction principle. 

The con"cept is. not new in programming. All high 
ievel languages, for exampl~," provide means to 
declare· and initialize data without forcing lhe 
programmer to assign data to specific memory 
locAtion~. Tht.s fcature helps reducing the com­
plexi.ty of the progr:1mmers' task by hiding the 
memory allocation dP.tails in the language pro­
ccssing sy.stem. 

Anot.hcr very well l<nown ah!ltraction mcchanism 
~uppórted in many hip,h level prOgramm:lng lan­
guages ts thc proc~durc conccpt. A proccdure 
1s dcsip,ned to d1spl<~y its function to its users 
:md to ll1 de thC ·impl ementat ion of th1 ~. function. 
It 1!'1 therefore "cons.ldered as a :1u1table mcchan­
.i sm· for a _funct.ional or procedural _abstrá~~ · 

The data-oriented module concept as def~ned 
above -,as will be shown in the-next; section­
is a p;eneralizat.iori .o f.. the known abstraction 
mechanisms. It is dcsigned to display to. its 
users .. the es:1ent i al informa ti on on how to use 
a cert::!in sort 'of data, and to. hide the ·informa­
tion on how.those datn aro internally 
represP.nted and man j pulated . -Hence 1 1 t · provides ·. 
R general data ahstraction mCchanism. 

3. The Defin1t1_~f!...Module Interface 

In a next refinemr.nl :-~tep we Will first c0mplete 
the dcf1nition of a mOdule ,lnlerrace. Sta!'ting 
from thc previ_ous defin.i.~ton: 

'l • 

(f!!Odule'> 
(i!"lterface) 

(body '> 

( interface)<body ') 
module <module idfmtifier> 
--t. operator list) ... 
begin .(data. defirlition) 

· {<'procedure· definition)~ 
end ' 

the more detailed description of the :interfac·e 
may then be given as follows: 

.( óperator list ~ 

.( parameter ltst) 

::= (<operator symbol) 
.[<parameter list>] 
(,<op"erator symbol> n 
(<parameter l18t>l] )_ 

.. - < pá.rameter 
{, < parameter 

symbol) k 
symbol>} 

<module identifier)::.:: CHARACTER STRING 
< operator symbol ) .. - CHARACTER STRING 
< p_arameter symbol> :: = CHARACTER ;5TRING 

According to th1s definit"ion each; of the n legal 
operations on the sort of data identifi~d .in 
the interface gets a set of k parameters asso~ 
ciated with it. For the execution of an oper­
ation the ·k paramet'ers declar.ed for thiS oper..;. 
ation need to be passed to the mOdule: .,..,\. 

The example introrJuced .in the previous sectton 
. will be used to explain this fea~uré .•. 

::.e 

' module FLIGHTSCHEDULE 
·--- (create-schedule [id] 1 

search-flight [id, f.fl, 
.schedule-flight [id, fl', .dest., .st-t], 
cancel-flight [id, f.jt]); ·;•.. ' 

This interface identifies the FLIGHTSCHEDU_LE 
sort of data and four operations on. it. ~t is 
the function of the create-schedule.operation 
to e reate a data cbject of 'the sort FLIGHTSCHE­
DULE. For its execution thé parameter "id" . 
denoti~g the data object's identifier must be 
passed to the module in an operation ca·ll. 

The runction of the search-flight operation is 
to nccess and ·display a flight identifiecl by 
a ce~tatn f·light number f-i which is a~sumed to 

·be -recorded within a flightschedule data object 
with identifier id. ·with the schedule- flight 
operation one may rec.ord a new flight, i.e., 
the flight number, f.,¡ the destination, dest¡' 
and the start time, st-t; within the flight 
schedule data object id. ·Finally, with the ca:ncel-­
f~ight operation ene may delete the entry iden­
tified by fj: in the· flightschedule .data object 
id.. . 

It is obvious now. that a module ~ay be used to 
crcate and manipulate an arbitrary number of 
data objects with different identifiers. Since 
the implementation and consequently the function 
of thc operations wÜl be the same for all ob­
jccts, a module may be considered as a template 
for the creation and manipulation of data ob­
j'ec~ . .s ~htch cxhitJit exactly_ the same Properties. 
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Becáusc of this · characteristic, the module con­
cept clo3eiy_ res~mble3 the data ~- concept 
in high level programming languages: A variable 
denoting a data object may be declared 'to be 
or a certafn type thus. determtning the 
propertieS · of the object, Le., its. poasible 
rrianipi.Jlations. The type implemcntation 'is part 
or the compiler and hidden for.lts users, 
Becáuse or these similarlties .. the module 
concept' 'is also f~equently called -ahstract data 
type concept. 

The term type wtll therefore be used in the 
eequel to denote the properties of a data object 
anr1 also to refer to thc module whlch implementa 
the operations fo.r the creation and possible 
mnnipulatlon. of all objects of a given type. 

4 o The Implement.ation of a Module 

An implementation is supposed to bring something 
into effecto The implementation of data and 
!?Peratioils makes operations executable on data. 
Thus, .. rOr ~he implementation or a sort or data 
and the · <issociated operations as defined in a 

· modul~. ; int.erface · they need to be represei1.ted 
'In terma of already machine-supported data 
objécts and operations. 

The implementatlon conslsting of a data defi­
'niúon part and a procel1ure derinition part will 
.be ·expi'e~n_~d in BNF nOt_ation as follows: 

.(data definition ') o.-~ as (co~structor') 
or .(module '.identifter) - ' 

('constructor) o.- CHARACTER STRING 
(module identifier>::: CHARACTER·STRING 

The term "constructor" in the derinition above 
·denotes ·.a· structuring· concept which is applied 
to compose objects of represP.nting type· from 
ObjeCt::J; of component type. Thts composition 
or. the rcpre3enting .types from component type~ 

· ( or . from· one component type) is deflned · in a 
module whtch tmplemEmts the repres:enttng type. 
Thus, the term constructor refers to a certain 
type which is cRUed the ·representing t}tpe. Data 
and operations or an ab3tract type a:J ldentiff.ed 
tn a module interface are then implemented in 
terms of objects and operattons of thP. (machtne­
-support.ed) representing type which defines at 
thc .same time, a composttion of· component types. 
For the pr"eviously introduced example the data 
definitton may h~Ve the'followtng rormat: 

module FLIGHTSCliEDULE (create-schedule (tct] 
1 

o o) 
.':!'e !!', FILE or FS-RECORD 

A data object of type FLIGHTSCHEDULE h repre­
sented by an · object of the type FILE which ·in. 
turn is · composed - in .·a way d·erined in a FILE 
module - or a number Or objects . of type FS­
RECORD. Thus the implementattoO · or the tYpes 
FILE and FS-RECORD is a prerequisite ror the 
tmple;nentation of the. 'ty¡}e FLIGHTSCHEDULE .. 
The proCedure ciefinition. part expressed. In BNF 
will be giv~n as _follow3: 

•• 1,. 

39 

.. 

<procedure definit.i.on)': ::proc <Procedur~ .head ). 
.(procedure body > 

:: = (operator symbol) 
(<p'arameter +.ist)1 

.<'procedur:~ head > 

<'result) 
<data object > 

(procedure hody > 
.( statement > 

(oper'i'\tion call > 

--+ (result ) . 
::=<data object)IBOOL€AN 
: :::(object 'identifier)! 

(module identifier') " · 
:::{(statement)¡ }" ·· 
:: = (opertttion call "> f 

<conditional statem~Ot)l 
(unconditiOno\!1 statement>J 
(for statement) 

:::(module identifier). 
<operator symbol) 
[ (parameter list>J 

(The. remaining undef~.ned non terminal symbols 
in thi's grammar ·have eitheir been defined befare 
or should be unde~stood as in the deftnition 
of a high_level language like ALGOL 60o) · 

An abstract operation is implemented.by a prq~ 
cedure which performs operations on objec'tS of 
cepre3ent1ng type. Thus, one'may include ealls 
of operations on objects of.representing type 
- as defined in the module for the representing 
type - within _this procedure. · . · · 

On the basis of these definitions and based on 
the assumption that a data type ·FILE (Crea te 
fUe, search record, 'insert record, d~l~t~ .. , ,\ ',., 
record) has already been defined, one .may noW .. ~ :. 
give a complete program.text for.the.FLIGHT­
SCHEDULE module in th.e followtng f9rm: 

·module· FLIGHTSCHEOULE 
--- (create..:schedule [id], 

begln 

séarch-flieht [id, r .. ], ... , 
scheduie.:.nlght [id, ri,dest, S_t-.t], 
cancel-fltght' [id, fi] ); . 

!!É !!', FILE of .FS-RECORD 

proc create-schedule· (id]--+ id:FLICHTSCHEDULE; 
id:FII.E:oFILE. creáte-file [o]; 
end create-schedule; 

· proc search-fllght [ 1.d, r.ftJ -•• BOOLEAN; 
FILE. search-record [id, r.(]; 
~ search flight; 

proc cancel-flight {id, f,fh .. id :FLIGHTSCHEDULE; 
FILE. deletc-record ( if'l, f.f]i 

.. end cancel-_flight; 

proc s~hed~Í.e-flight [Jd, f~, dest, st-t] --• 
id:FLIGHTSCHEDULE; 

FILE .'in_sert-record [id, f,f, dest; .st-t] ·¡ 
end_cancel-flight; 

. end modu(e 

. .. ·~. 
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Each of the pr'ocecures pe¡~tinent to 'lhe FLIGHT..:. 
SCHEDULE module enclo5cs a call of. an operatio"n 
of· the ·FILE module. Assumed all the. called FILE 
operations are already implemented the FLIGHT­
SCHEDULE module ma.y be executed and i.s then 
fmPtembnied as well. 

4.1 The 'local ttY principie 

After the .dé:tailed definition of a module im­
plementation in the ·preceding ·section, we are 
now ready to "identlfy o.nother basic prinCipie 
underlying the ·module concept. Obviously, 
operat ions and data are closely related to ea eh 
other in the module concept. Each data object 
m<~y be. manipulated by only a certa1n predefined 

. aet of operations. Data not associnted to a 
certain· module but rnther global to a number 
of module·s do not exist. Thus, logical rela­
tiOn~hips between modules bnsed on the shared 
use of global data cannot occur. 

The module concept also proh~btts 

a module lo refer lo dnta declared in the 
h~dy-· Or · Rnother module, 

ene module· to branch into lhe hody" of Bnother 
mo{jule, and 
' " ,, . 
ene module to modify program ntatements 
W_ithin ·anothe[' module. 

. -·.' 
H(mce, a· module behaveS like a self-contained 
éntity: ;~ái"cih cannot cRuse nonlocal effects be­
riides ca US · of. other modules. To ~chieve this 
ki'nd of locality ts one' of the goal:'i in mo~ular 
·_Pr,Ogr.:·imm'i ng. · 

Mod~lar Programming is bel i.eved to ha ve a num­
hcr of advant;:~;ges over more traditional procr;:~;m 

~tfucti.lring concepts: {1) the avoidance of cer­
ta!n types of structural relationship.s will 
force programmers to design programs cif drasti­
ca·lly rP.duced structural complexity. (?.) Since 
t.he complexity of the environment in which a 
module will be used may be ip.nored by the imple­
mentar of that. module il m:ly also relluce the 
complcxit.y of the programminp: ta:'lk. {3) Because 
chnnges wh 1 eh h:we t. o be. madc in thc 1 mpl emen­
tati.on of a module w\11. not affecl any otber 
parl of n SY!lt,!m the concept w.i 11. enh:mcc systP.m 

.maintcn:lnce, ndnplábil.tty and portahility. (4) 
W'it.h the module conccpt lhe verffication of the 
corree lnc.ss of progrnms - t he ul t imate · p;oal 1 n 
program developmcnt - may be drastical 1 y simpli­
fied. Obviously, it .is much ~.1mpler lo show that · 
the inva¡·iant properties. of elata w1ll ·be pre­
cerved if the data is manipulnted by its 
a~socialed oper:1t!on3 only, and not by other 
parts of a pl"OP,ram. The ver~ficaUon may lhP.n 
be performed for each of lhe a:Jsociat.ed . 
operations and not for all·: usually 
unpredicta.ble- usés -of the .data. · 

r.; ... 
., 

· 4.2 Prol.éctiorl of ·ctata 

In a modular softWare system, each oPeralion 
may oñiy be aj:,pli'ed to a certain type ór data. 
object. The operations are . tailored to' comply 
"'nh lhe characterist!cs of the data they ~ai11-
·pulate, e.g. tt is common practice to mélhiPi.i-. 
late int.eger data "by a 'set of tauored arithme-: 

. tic opera_t!ons. _Current high-ievel-languages 
compilers enforce thi~ restricted application 
of opernÜon!'l defined in the language by means 
of a type · checking capability for the built-in 
types of data; Since all the legal Operaticíns 
on a certain type of data are prederined in a 
module, the correct use of these operations ina.y 
be enforced by a aimila'r type che~king 
mechanism. 

This approach iS in contrast to the current prac­
lice in systems programming. Universal opera­
ti ons 1 i k e del e te, 1 nsert Or upda te may be ap­
plied to data of any kind. In arder lo preserve 
the data· s characteristics 1t is usually neces­
silry to implement access control and protection 
mechani!lms. 

The lw.o aforemi:mti oned · approacheS · ·to ,· preserVe 
rlala charactcristics in high level prógramming · 
1 angun~P.s and in systems programming 1' 'Br.e bA.sed 
on two fundamenlally different' philo"Sophies: 
{ 1) Recau.se of the nwaren~ss of lhe ·. hltnian' ú'mi­
tations, lhe first approach follows ~the ·rÍlle: 
nnythirip, not explicitly allowed iS' forbidd~m·; 
(2) to guarantee lhe designers freedoTn; and· rfex.:. 
1 bility, lhe sec6nd approach follow.s ~ the rulé: 
flnything not explicitly forbidden'-is aiiowed.' .. .... , " 

Afler· a loOg reriod of freedom ~d.:nexibility 
in lhe design of systems il. now seems to be 
cJear .that a discipline is essenlia~ ~ fo~ the 
en~an~ement of software. The module, concept 
and an a'ssociated type checking mechanism. seem 
to be the natural means to avoid not ·in tended 
rnanipulations of data .. 

11.3 F.xtensi bility 

A module is characterized. by a minilanguage: 
lhe .qhstrac.t data and abstracl operations · of 
that module. A mlnilanguage is implemented in 
t.crms · of another minilaneuagé provided . by.- the 
module of re~resenting type, e.g. 1 the mini-
1 nngu:1ge 

L1: Ft.IGHTSCHEDULE (create-schedule,­
~earch-flight,. · 
schedule- fl ight, 
cancel-flight) 

is implcment_ed in tcr·rns o.f- the minilanguage:. 

Li: ~ILE (é:,eate-fil_e~ !··_ .... .": 

• : ,1 . searc~-r:~co:_d_!. 
insert-record ,· 
.deiete-f.ec'ord) . . •: 
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More "gcnerall y, an ab~tract operat 1 on may be 
1mpi'emehted hy a numbér of representing typ~ 
operat.ions. F.ach atlstr·ac.t OpP.t·atlori may. then 
b8 considered as an identifier for a maéro 
operatlon On d.:lta objects of representing types . 

ThiS is· in .fact an extension cap;¡b~_!._!_tj: slmilñr 
tó the one found ifl extensible languages. With 

. the repeated derinition · or new modules imple­
. mented in terms of m3Cro oper·ations qn objects 

of rep~esent ing type, which in turn may be im­
plementcd by macro operations on. objects of com­
ponent type, ene may define arbí.trar·y high level 
(mini)_ iangu~ges to s~üt particuln~ U!'lers. · 

5. Module InterconnP.ction~ 

A di:Jcipl tne for the desi.gn and implement<lt1on 
oC Bmal t progr;\ms (progro1mmlng in the small) 
h:1s be~n rlcflncd with the module concept. A. 
slmll~Lr discipline .for the de~Jlgn and implerñenta­

·uan of large ~ortwa:--e systems (programmtnp; in 
t"he largc) ·mu$t then provide rule::~ for- th11 
tnterconnection of modules. 

Slnce·· one module may cmploy ot"ter·morlute.s, or¡e · 
module lnterconnect1on mechant.sm - the n~l'?tlnp; 

of modules - 1.s alrendy butlt-in in the module 
rlefi..nitton. Wtth. this structurine;' mechanism 
the overall structure of a software system m<ty 
be· or'g'anized tn a hierarchic fashion. The hter­
ar'chic relationship hetween the modules may be 
chai-actedzed ' J a "uses" hierarchy because the 
seÍ"vic"e.s of one module may be used tri another 
module ·(Par 74). A module in thi.s hierarchy 
will be ·canaidered correct.. only if al! mÓdules 
it. calls fi.mct~on properly. The module inter­
connection however, will be kept simple because 
neither the used nor the using modules impose 
any·restricttons on erich other. They all remato 
self-Co.ntained system componcnts which function 
the snme way in all ~nvironmcnts. 

This hierarchtc organizat.ion or large software 
systems 1~ accepted to provide means to keep 
the complexity of thP. ·system m<~.nagP.Al\le and the 
runcttOn or the system understandable. 

In. arder to kcep thc overa_ll structure a simple 
hierarchy, other interconncct ton mechanhms 
especially tho~e neglecting tho locality prtn~ 
c~ple a~ explained above - are pr·ohib.tted .. The 
grammi\r introduéed in the previous sections of 
this paper is in fact the description of· a 
module · definition and module 1nterconnection 
language. The language is thereforc suitable 
for the programming-ln-the·-small and 
programmtng-in-the-large. It tmpo~e.s a 
d1sctplln6 On the progi-ammi_np; task and supports 
the design or simpty structured software 
systems. The language· is hoped to be 
approprl.ate to serve· as a· general ·data base 
¡ystem design and programmtne language. . 

It may be· important to note he re, that the 
hier~rchto organization or sortw~r~ .systems does 
not predetermine thc way they are destgned: 
top-rlown, bott.om-up, or in a more iterativc 
fashion. 

41. 

6. The.Module Oriented Viéw or Data, Base SysLems 

6.1 The Object Model of a Data Base 

In accor·d~nce wit!Í common terminology ~ , data 
base may be defined as the collection or al~ 
data· objects stor~d. on sorne storage devices ánd 
administered by a data base< managérnent system 
(DAT 75). The data base will be brought into 
exlstence through the ~.nitialization and exe­
.Cut.ton of transaCtions of the administering 
data base management system. 

Simil8rily, using the module concept, a· data 
object will be brought into· existence through 
the exe·cut"lon of a create operation of one par­
ticular module. The data Óbject. is then consi­
dered to be pertinent to that module. Only those 
opcrations defined in the module_. will ever be 
per·form(!d en the object. The object is said to· 
be or the particular type defined by}hat 
module. 

Because or the possible hierarchic compositions 
of modules, the create operation· of one module 
may be designed to "use" the ere~ te . ope!'ations 
of other modules to create and com~i~e compónent 
objects. Wi th this· feature· the· ritcid_ule ·. c.oncep~ 
allows to cre'-l.te, store, and reference data on 
different levels of compositlori. ; A~ the·· ··Sa~e. 
time, the concept automatically ~nforC~s '' the 
composition of objects · ou_t of c0mpon'7nt"s1 .of _the 
correct types as defined in the 'type module. 

· (Thts· may not seem to be very important. for. the 
standard composition.s or .data, like. rixed fonpat 
·records in files, or files lf:! __ bl,oc~s, but it 
is valuabie for the composition. of · arbitra!'y 
user defined data type.s). . Within the framework 
of the module concept one may then define· the 
object model of a data base in the following . 
way. (WEB"""'1bT: 

·e 1) A data base is a time varying set or data 
base objects. 

.(2) Data base objects may· encompass other. data 
base object.3. 
(3 ). DatR. base objects may be long tO a number 
of different enclostng objects. 
(4) Data base objects are identirted by names. 
They are uniquely ident ified · withfn one enclos­
ing obj~ct. They may be d!fferently nam~d in 
different enclosing objects. 
(5) Data base objects are characte!'ized· by· a 
type and each object is characterized by 
exactly one type. 
(6) The type or an object is defined in the 
associated type module which provides · a defini­
.tion of the cOmposition of objects of. other· type. 
and a definition of all pennissible operations 
on composed objects. 

The object rilad el of a data . base may . be·. gz:aphi­
cally represented as a D-graph (Data Object 
Gra.ph). The graph . may be defined a.s follOWs: 

,, 



( H 'Nades or· the D-graph represent data objects·. 
(2) The · direeted. ares repre.sent an "is partn. 
relation.ship · between abjects •. If an .. abjeet 1 
is· component or an object j, · a directed are ·1s 
drá\.tn r_rom j to 1. 
(3) i.abels on ares ·identify eornponent objects 
and the ty~_e of camponent object.s. 

Clearly, the n1s part" relaUon.,hip between di'lta 
ba~e objects defines an acyclic graph beCa" use 
thc whole (e.g., a fUe) ineludcs parts (e.g., 
rCcord3) but a part never 1nclurles· the whole. 
Al! non-root nades m<:~y be in an '1 i.s part" rela-

. tion3hip .wi th a number af nades. (One may call 
.t.hern nsharcd" among a number of hlgher level 
nades.) A sampl e graph may then be depicted 
as .follows: (Ares are supposed to ·_ point down­
ward, they · are rcpresented by consecuti ve hori- . 
zor.tal ancl' vert.1cal Unes far repr·esent.ation 
convenience. Nonterm1nal nades represent com­
posCd object.s, terminal nades represf:!:nl primi­
t.i.ve . lndi vi s.1. bl e · Obj ects.) 

<111•-
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The data base cont;üns 1nform3tioi"l on reserv3.­
tions which. encompas!'! infonnation o'n passengers 
who have mn.de rcservations ;¡nd on fliehts and 
their scheduling. The Component or thc data 
base termed airportschedule contafns informa­
tion on flights and their scheduHn~, and on 
plan~s which are allacated to those flights. 
The component termed maintenance contains the 
in forma ti on on 'plnnes and an tn<1 i ntenance crews 
aJ)ocated tó maintain thosc planes. 

Thl' pass l blc chanp,cs af a ._data base by ins~r­

t!on!'l, del et.i ons and updates may be represented 
ncw in tcrms or modiCications of the D-graph 
hy i n:"Jerti ons or rPmoval s or nades or U nk5 and 
by f'(•placemr:nts or nades. · They may be illustra­
tc~l wlth thc follnwing rl•;pjction of thr·ee con­
sccutive operation~: 
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1'he objcct model conforms with the conunonly 
accepted definition or- a data base as. quoted 
before although the object · model definition does 
not. refer · to the data base management· system 
ro"r the determination of the membership of a 
drit<i Óbject to the data base. For the object· 
rilodC1, 1 cri.ch mo~ule may be consfdered as the ad­
mlnistering (mini-) data base mai1agement system 
for a particular type of· dA.tñ. objéct. The 
entlre ·data baSe managemcnt system may be 
thought of as the set of all déflned and implc­
mented moduLes. (A- more elabor11te definition 
of su'ch a modular data base mn.n'agement. sy:Jtem 
wlll follow later.) 

The 0-graph · modcl is different fr.om 0xtstlng 
dat<l base models in· the following sen:Je. Exist­
ing ctata base concepts Support the composition 
of data according, to one particular structuring 
modcl usually cnÜed data model (e.g., the DBTG 
conc~~pt (DBTG 71) supports the oWner-coupled-Set 
dat.1 model, thc rcla.tional ccincept supports the· 
relat'i'an:-Ú data model ,etc.). The D-graph módel 
of á dnta ~ b:t!!.e supports hie·rarchic compositions 
or· differently structured datB. instance:'1 as de­
fl n·~d in the' assoc.tated type modules. 

6.2 The ·conceptual De!lcriptton ~-! Modu~-~ Dat::1 
~-

Data baseS are repo!litories of all the data of 
inter•est 'in an organi Zi!tion. They con_tain the 
1nformat..t0n the orp;anization needs for its oper­
a t.iOns. Thlis, data. in the data b.i::Je· ha ve a per-. · 
ceivaqte t'nformatf.on content'. 

Data in the ·data base are or cour:Je ~ubject to 
ci1onge: A ~ata. base object may be changed by 
in3ertion.s, delet.ion."J anr:l updates of componcnt 
objects. It is therefore important to distln­
gui.'lh two diff~rent aspects of the information 
contl')nt: the ext.enslon and the interision of 
the data ba:1e. The term extension refP.rs to· the 
instant-'ln<Jous and time dependen!;. aspects of the 
informatfon cont~nt (e.g., all the tuples in 
a relatton at a certain time)•. The term intcn­
sion refer~ to the timf! invariant aspects of 
the inform.,tion cont.ent (e,g., the ~et or !!-11 
P<'t'rnt."'."!.(hle V-'\lUf!S an object can take). ·Data 
b.,:lc.obj"!ct . .'l ma.y then _be manipulated (i.e., the 
~xt!"!n~llon m:1y b0. chnnged)· nccording_ to their 
tJmr~ inv.,r"i.'lnt propertie:J (Le., accordinp; to 
thelr inl~n:-~ton). 

•ThP. D-~~r:tph modP.l introducP.d abovc !s Clf:!arly 
·a .rr:pre:Hmt.ation ror thé data b.1.3P.'s Bxtension. 
To reprC!i~nt the data b<isP. 's extensio_n at 
d l fferent times the 0-graph wn:1· chanR;ed through 
t. he inscrt ion or removal or nodes anr1 node 
connection.'l. 

Consequently, in arder to manipulate the data 
baSe- correctly, ·bath 'its .extension and its in­
tension must be representad within the data 
base. The _data base' s inter'_lsion is . representad 
in a so-calléd conceptual description.• 

The· time invariant "aspec.t.s of the Útformation 
of tnler~st to an· organjzation may be mode_Het.i 
in tcrms ·of the following concepts: 

(1) Entity type~; or short entit.ies are all 
concrete and abstract ·. things or events an or­
gani?.ation needs to know of for its operation~ 

An entity i.s meant to denote a· collectiofi of 
instances with ideñtical ciharacteristics, e.g. 
the ~nt ttY FLIGHTNUI·IBER denOtes a variable set 
of instances F

1
, r

2 
... which have the identical 

c~araCtcristic- "to identify flights. · Instance~ 
have Vil1ue.1, e.g., F.=[100, 200, 300]. 

L 

Instances and val u es are subje6t to 
They are part of the e~tension aspects 
mation. 

change. 
Oc infor-

> > 

(~) Conceptual relationships _are assoctations 
betwecn thc eótitié."l of interest in an organi­
zatJon; e.g. 'l conceptual relationship between 
thc F'L!GIITNUMRER -and DESTINATION entities refers 
t.o the .fact. that each rught identified by· a 
flight nuiÍlbe'r has e~ destination .. 

For the-· representation 
aspect3 of information 
enttties and conceptual 
bitrary lai-tguage_. 

of the time invariánt 
one may then 'describe 
relations.hi~.s in an .qr-

The representation of -inforrr.ati'on in ·a language 
is in fact an- as3ignment of labels to entities 
and rélationships. R~pres~ntations in. a dat-'l 
base are then encoded representations of labels 
in computer siorage. In a simple re"prese!1tation 
each label is assigned to one ent'ity or relation-_ 
ship and each ent ity · or relatiOnship. gets only 
one label, thus, providing means !'or a unique 
representation and ident i_fica~ion. 

• Conceptual description of data baseS are· 
usual! y aillied to prÓvide: ( 1) a high-level·. user- · 
oriented dc.<Jcription of the data base for .tts 
user!l¡ (2) suppo!"t for n cor.Í"ect tnterpr_etation 
of.thP rtata base's.informatlon content; 
(3) m~ans ror the _represerit.atton Or restrtcbon 
orl the use of d:tta Út different applications, 
E~tc.. All these n:ipects wi 11 not bé considerad 
he-rC. It {s the sote aim of this descr·iptioh· 
to. refer to the support' it pro~ides for the 
correct m<Jnlpulation of the data base. F.lab9rate 
propose~ls for conceptual descr.iptíon may be 
round · in the ltterature on data dictio:1ar1es 
or conceptual schemata: (ANS 75, BCS 77, NIJ 76,­
VLDB 75, VLDB 76) . 



Label~, howCver, Usually do not identifY things. 
uniquely. ·They rather denote collections of 
things which _are !dentical with respect to sorne 
properties and distinct with respect to others. 
For examplc, · the. label FLIGHTSCHEDULE _denotes 
th1ngs, wh~c-~ are identical because they all 
idP.ntirY .flip;hts, destinations and start times.· 
At the same time the denoted things rnay be 
dist.inct because some of them· identify regular 
flights, .and. others 1 night coach flights. o·ue 
to the dlfferent properties of 1nterest· in 
di fferent st tuations the ver y same label refers 
to different sets of values thc things can· 
assumc in the differént contexts 1 e.g. 1 if the 
FLICHTSCHEDULE label is intcnded to denote 
fl t.ghtschedulc5 for regular f'lights all start 
t.tmes must be wHh1n t.hf'! time ::~pan 5 AM to 10 
P~; if it is intended tó denote night coach 
·fltghts, all .start U meS must be within thc time 
span 10 PM to 5 AM. 

For a proper use of labels for tl1e representa­
don o f. ént"t l1 es and relati onships 1 the informa­
_t!on <1bout the intended set of legal values of 
t'heiY. insfances mu.st be represent.ed as well. 
It is ccimmori practtce to represent thia jnforma­
tiOn in· terms of constraints associatcd with 
ent.itie!: .Bñd relat..tonships, e.g., the sct of 
legal:· value~ · of :instances of the FLIGfiTNUMBER 
entity inaY be; defincd by the constmint 
o(rf< 100._ The . computer represen tri U on of cnti­
tia!3 -¡:¡nd. -'relat!onships may then be based on the 
U''3e Or · 

(1)' 'i.,bels ,which denote ent.ities and relation-· 
shipS, and 

(2) coÍ'lstraínt.s assoc.iatcd with entities and 
·r:-~lntionships. 

As for the rep~esentation of the data base's 
. e·xt.PnsioO a represcntational schema is usually 
defl ncd for the representation of its int.ension 
( frcquently called conceptual schema). 

It ··1s coirunon practice to depict entities and 
r~btionsbips by. the followtng kind of grR.phs: 

C:nt.it.y label 0~ en lah<o] Kntlt.y label v 
TJ;1s buildinp; t1lock may be· u:Jed to const.rucf:. 
entit.y-relationship-nets of -arbit~1·ary sha.pc and 
cornplex.tty.• Nets of thl.s kind are then ~uit­

<tble to depict the -information of intt!re!Jt in· 
an crgnnization. 

So far thi s schema rloes not perm1 t the repre­
:o.entation of constr:-tints. The constraints <=~sso­

ciatcd w1.th ent1 ti e~- .and r·elr:~tlorL~hips will be 

· *for the :-;ake of :limpUcity¡ thc· terms entity 
and .rel<'lt.lon~h;i:p are used now_ to denote hoth 
rf'al lhing~ and their rcpr·esentatlon by lnbe)s 
as ~1c.ll. 

represented as conditions wh!ch- wiÜ be checked 
whcnever modif.tcations of the values of 
instance·s take place, e.g. 1 for each exccution 
of the operation add-numbei- ori ari -insta.nce Flf' 

of entity FLIGHTNUMBER the following check will 
be perronned 

· 1f ·o<r.f(loo 
thcn FLIGHTNUMBER add-number (Fl ;fl) 
else·return FALSE 

t.o make sure that new flightnumbers · f~ will only 
be added if ·they are taken from the set of 
natural numbers between O and 100. · 

The Y.epre.sentation of entities 1 conceptual re­
latjonships1 and- their propertie.s may therefore 
be given ·ln terms of entity-relationship-nets 
and constraints. 

(Another somewhat different - and ·probably even 
b~tter known - terminology refers to sorne d~f~ 
ferent concepts for thc representation of a data 
base's intension in current data base technolo­
gy. Coritempo~ary conCepts support only the repre~ 
sentation of a very limited number of 'Co'nÓ~~tual;e 
relat.ionships (e.p,., owner-coupled-set ~-eiStion­
ships among record types (DBTG 71), functional 
dependencies among attributes in a relation 
( Codd 70)). They provi de therefore the repre:.. 
sent;}tion of the data base's 1ntension 111 terms 
of entit.tes and sorne conceptu:J.l relationships 
amonR entities in a data base schema and of 
other relationships and of value cori.straintS 
in integri ty constra.ints. 

It remains to be ~hmm now. that the module. Con­
cept .3uffices for the( repi-esentation· of ·-a da~a 
hase's ·intension .:!n tcrms of entity-· r~latiOn~. 
ship- nets and of cons~raints. · · · 

6.2.1 Thc representatjon of entities 

As- one rnaY éonclude from the previous 'disC~~~ 
.sien data types and entities Oabel.s den6ting 
entities) ~eem to be very similar tools ·ror the 
reprcsent.auon o~ -information: they. both · dei1ote 
(real or abstr<ict) things with corrunon próper­
ties. Bccau~e. of this similarity it .seerns· to· 
bP natur·al to use modules. as a means for the 
definition and, implementation · of entities. in 
the :1amc way · they wer~ u sed to define ahd · impl'e­
ment types of d:-tta. 

(1) Module interfaces denote entities and the 
sct of P~"rmlssible operations · on in!;tances of 
enUttes. 

{2) The implementation of entities and ·of oper­
ation.'l on their. instances is · definC:d in module 
bodicr;. 

(3) Modules rnay be 1nvoked to cr€ate iristances 
and to morli.fy the va1u~s associated to them. 

Althul1gh thefP. cxtst sorne obY1ous sjmilarities 
bct.w(_•fm r:ntit.te~ and ab:;tract data types a 
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coupt~ of ·iinportA.nt. t:liffcrence:; must b~ t.-ept 
in m\ nrl: 

(1) tntitie:; have not been defln8d in 
conjunt?tion with the set o; permi!wible 
oPer·atioM:"> on thelr instance.s. 

This feature of ~ module to dfdtnr. data and 
oper:1tion3 together, however, seems to be quite 
adequate rOr the representation of the tnvariant 
propP.rtles ··ar entiqes. As ene rn;\y recnll, 
thosc· propCrties. ha ve be en repre::Jented in terms 
of constra tnts ~m the valucs of ent i ty i n:1tan~cs 
and have heen enforced during value mod1.fica­
tions. Be9ause aÜ posslble valu~ modificat:tons 
a¡~e defincd in a module, constraints on the pos-
31.ble values may be defincd within the framework 
of a module and. enforced in mor1ule exP.cutions 
in a straig!'l.tforward W<I"y: Operation exP.cution 
condtttons fnay be a:'\sociatcd with all vnlu~ 
changing operattons of a module. The operation 
will be executed only if thc condittons set 
forth are satisfled .. The:Jc conrlitions m<ty be 
rcpt·e.'"lentcd in a module wi thin thc procedures 
whl.ch nre defined to lmplP.ment tho.se_ operatton.s, 
e.g., 

modul P. FLIGHTNUMBER (<tdd-numher, de lete-number). 

·b'e6tn 

~ 33. SET of NAT 
,1 '. 

E_roc add.:..num~er [ Ff, rf]-->.FI; 
!f O(fl(lOO 'TRUE 
thr~n "SET .;:HÍd-:elem~nt[ S, fl"] 
et;c· r~turn FALSE; 
en(C ndrl-n.Uñiher; 

end module 

The add-element oper<ttion wtll be cxecuted only 
tr · the operation execution condit:l.ori. (O(f~(100) 
i!. satisfled . • 
For the represe~1t.1..t:t.on of entities and 
constraints on the value~ of their instances 
a module dertnition may then take the following 
gen~ral for·mat: 

·1tl 

morlule F:NTTTY !DF.NTIF'IER (oper 1, 
oper 2, 

oper n) 

entlty representation 

proc opP.r 
~pcration .executton conrli~ion 1 
oper~tion execution condition 2 

St,1tement 
statement 2 

end opP.r 

enr1 module 

Thu:.;, thc definition and implementation · of an 
entity · and its invnriant proper-ties by a module 
result.'l in a rather iniplicit representation of 
constraint3 on the val ues of its instances in 
terms of con.gtraint preserving operations. A 
module representation of an entity is then de­
fined as 

E~ (V,O) 

wh\~re 

E is the cnttty 
V is the set of. permissible values of its 
insta.nce.9 
O is the set of operat ion~ applicable to . its 
instances 

The module representation of the entity is said 
to be cons.traint preserVing if the following 
condition hold:3: 

The applicatton of .an opcratton o
1 

on any per­

mi3.!l~ble valuc· vE of an instance of E results 

in a permissi.hle value ·vE. This. representaÚon 
. provi.de.:~ a meant~ for hiding the information 
about. the. tnvariant properties- .. of an entity 
w.ithin the implementation of .the permissible 
operatíon~. The feature .seems then to. support 
the structurtng of -the int~nsional part of ·a 
data base according to a certain· need to know, 
e.g., lnformation 8.bout the modifiabilitY of 
the data base ~y remain hidden for its users. 

(2) The secOnd "difference between entities and 
abstract data types results from another cha!"ac:;. 
teristic of "modules. Modules.have been designed 
to .employ other modules·-· ror the . implementat ton 



of objects anrt operations. of abstract type in 
te¡•m.s of objects and operations of reprc~cnting · 
type. The tnapping between objects of abstract 
iype and of objects of representing type implies 
alway~ a classificat1on: · All .legal values of 
objects of abstract type will be "mapped Onto 
a suhset of legal values of objects of the re­
presentihg type. This classification of the 
s~t. or leSB~ value.s of reprcsent..ing type takes 
place hecause of the 11kt:ness of the selected 
valuP.s with respect to a certain property, e.g. 
an aD~tr3ct ohject of type 
tJIGilTCOACHFLIGHTSCHEDULE may be represente·d "in 
terms of objects of typc FLIGHTSCHEOULE; the 
set of legal values of objects of type 
NIGHTCOAC'.HFLJGIITSCHEDULF. 1s <1 .'lubset of the 
lee:al values of type F'LIGHTSCHEOULF:¡ the legal 
value~ of Ühjcct!1 NJGHTCOACHF'LIGf!TSCHEOIII.E are 
alike wtth respect. t.o a ccrtain starttlme. This 
.Property is · not common to all values of nhjeCts 
cf thc FLIGHTSCHEDULE · type. Thus, ohjf~ct:J of 
abst.ract typcs h<:~.ve propcrtics which will n6t 
be inherited by objects of representing type. 

Ir.'·. morJ.iJlC:. '·ar·e used to dt:fine <.~nd implemcnt 
·enUticS, · the above capabillty may be cxp1oited 
to: ctCnn·e cln:::.sific<It..tons of in:>tances accordin·g 
t.o cCrtain. pró¡)ert.i~s. Onc .m:.ty call thl!l:Clns­

.sificntton ;1b~traclive, since 1t has !Jeen made 
oh t.hc··h;:¡_~;i~ of some d.i~;t1nctive propertic;, of 
tnlt!rc:;t, · whlle all othcr prop0rties have b('Cn 
ir;nor0d .. Thu:-: 1 tho;,e nb~;tr;¡ctivc élas.sifjcations 
r.my h~· lntroduccd fol' the definit.i.on of .. new cntl­
U.e.s with nCw commo'n dmracterist.ics. At the 
s;¡me t.lmci c1assif1cntions deliml.t th~ scopc of 
att.cnti.on tO · ~ome pr·oPerties or the entit1es, 
and lr,llor·e :1ll other.'l. Bn:-wd on this 
abstractive clas:Jific<~tion, information rnay be 
r<"!pr•c!>r"!nted on arb.i.trary 1 evels of deta i l or 
ab~;t;rRct 1 on. One may r·efer to those 
clas . .sificat.ions as ~:c~ema ;¡bstraction wh.ich are 
equ.i..VH1€nt to the ~b;,tractinns intrmluced 
in S•..>ct_ion _2.2. 

!1.2.2' Tne Rr:rre3entntion of Rel3tionships 

At a· fi rst glance Uw modul f' conCcpt rlocs not 
~0cm !.o be very u:-eful for the rr:p!'P.scnt.<~.tion 

of rPl:!t1onships; Sorne con~J~de~ation:; ::~hou: 

the rJ;ttu"re of entitles nrÍcl relat.ionship~, how­
evcr, m~y offcr !'lome !wlr. The di:;tinctjon be­
tw0en ontiti<.·~ nnd ... r.l::ttion::hirs i.s certainly 
n<1t ;Jlmn.luLc: thin¡~:; may be con:-..irler·e~ ;,:;. <'Tl­

t.1~.i·:~; ~n onc cnnt.,xL and a:; rcl;lt.ion!lh1p~; .l.n 
:uJOl!•f:r, P./',., a F!.lGHT::r:ifl::DU!.E m::~y cc~rt.::linly 
ht: t:(l)"):lider•·~d a.') <m entity. 1t rn<lt(!r'jali7.f~S, 

ho-..u:ver at. thc ~;¡me time n re"lntion.sh1p bctwcen 
F'I.TGI!TI~U/·\B~:R..S, DF.ST.lNATIONS, nnd STARTT1MES. 
·u· it: is :in F,P.n(~ral t.rue, t.l1at the rli:ltinct1on 
t">1:tw•~0n entiUc~ and r<.!.l;lt..i.on:;h.ip:1 is ju!:t. a 
matt•:r· of. t.he· .cont.!:Xt anrt not .<1 tn;Jticr of Lhe1r 
r·c::p¡·l::;·~ntat. ion, thc qur:~t.i on may be nskcd 

· wh~~t..her·. ther·c in ;wy r•:nl nreC. to rcpre~cnt 
c:1t.iLies and n~l.ntionshlps .in a djl'f,~rcnt 

mnnnt::r. lt ;;H~ms tn u:; t.hnt. no pr·inc.ipal di ffi­
cu1Ut!:1 cxj~t to trf·:lt relntion:;h~ps :in thc .'Hlmc 
way a:~ cnt!L.ie:; .. A. ,..c.l;¡t~on:;h~p and Lhe entlt.1f!S. 
Co":nccterl through thi:~ rf"!l";tUon:~hl¡) m:"'l.y bP. r::on­
s;i d•?rt>d as a cor~pP:>•!d ent i t. y of i Lf! oWn ri p,ht.. 

lJ 

For the repreaentation of relationships by 
modules, a capability is needed for the 
compos!ti_on of entities · an~ for the defin!t1on .. 
of the characteri.stics of the composed ent1 ty 
which reflect t"he relaU onship between the 
componcnts entities. 

The module concept has be en defined t. o offer 
exaCtly t.hia capability: arbitrary module intél"­
connectiona may be definiú:l in the module of re-. 
prc~cnttng type and the characteristics .. of the 
module reflect the nature of ·a _relationship·· 
bP.twcen the compon~nt. modules. 

The follO\o~ing example illustratcs such a compo-
. .s1tion .. Suppose the data base cont~ins the fol-. 
lowin~ tWo cnt~ttes 

FLIGHTSCIJEDULE: r..t; DES!, ST-T, 
CREA TE-SCHEDULE 
SEARCH-FLIGIIT 
SCIIEDULE-FLIGHT 

. · CANCEL-FLIGI!T 
PLANF.:P.II', TYPE;N~S 

CREATE-PLANE 
SEAIIEH-PLA!lE 
RESERVE-?LANE 
CANCEL-PLANERESE RVA TI ON 

The r·elat i on:>hip which must hold between thes"e 
two entit.i es 1.3 of thc following natúré: ,, 
The schedul ing 'or a flit;ht· r·equ1r:-es th.e c"Orres­
ponding <!llócatl_on of a plane to this flight. 
The data b,1sc contains for each entry in _t.he 
FI.!GllTSC!lEDU.LE ·instance a . correspon'.lil"}g entry 
in. thc. PLAN E :fnsl<!.nce. 

He therefore define a new en ti ty whose speci fi­
cation rcflcct.s this relationship and which en­
clases t. he en ti ti es . FLIGHTSCi-IEDULE and 'PI.AtlE 
as co~ponents. This ne\o' e~tity w!ll· be called 
AIRPORTSCI!EDULE: 

A lRPORTSCHEDULE :FLIGHTSCHEDULE, PLANE 
CREATE-APSCHEDULE 
SEJ\RCI-l-ENTRY 
ADD-ENTRY 
DELETF:-ENTRY 

The relntionslijp wi"ll ·be preserved if thc ope:-­
at. i uns on A IRPORTSr:HEDULE 1 nst.~mC~s are designed 
j n :;u eh a way th<lt thc component instances of 
FJ.TGHT.'3f,!JEDULE anl rLAI~E wjll b"e. man.!pulr:lÚd 
cor¡·c~ponr~lnp;ly, e.g. 
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.rep as INTERCONNF:CTION 
or·(FLIGIITSCIIEDULE, PLANE) 

opcr add-gntry ( ap:-~, .rf, de~t-, at-t, pf, type, 
n .g) -~ np.s:AIRPORTSf.HEDULE; 

F'LIGHTSCIIEDULE.add-flight.( fs, f~, düst, st:..t); 
PLANE.rc~\er·vc-pl::l.ne [p, pf, type, n°s]; 
end add-entry ¡ 

end module 

The add-entry oper·átton will be performed by 
performing both the add- fl ight and the reservc­
plane opcrations. 

6.?..3 ConC!u:'3i.on 

Both entl.tfes ~nd relationshlp werC r;e¡wesentcd 
as rlata · ty'pes, thetr im>t;,nce::~ a:1 objects of 

-ttw re~pcctive type. The differ·ent· vnlue!'> tn­
st;"tnce.s may assumc wece repre~entcd as different 
inslantlntiorl3 of chan~';("!ablP. objects. Dilta 
typcs, <1nd 'thc definiti.on of their implernent:l­
~lon hy module:i, provlde r·epre~1entntlon capa­
bllttie!> which are genP.ral enoup:h ror the con­
ceptunl de::~criptlon of <'1 data ba~;e. Bcc<!use of 
the huilt-in module lnterconnectfon mechani.'lm 
in modul 1:s, th~ repre3~!ntation;tl schcmil consists 
then of a collection of modules whi<,:h are hier·­
archtcally 3tructurcd in a graph simil<'lr to a 
D-graph. (Nades represent now cnttt.1c~1, links · 
point to all module3 which represent related 
component· ent 1 t 1 es, the D-graph i t3e 1 f may be 
cnnstdercrl as an entity/relationship composi­
tlon graph.} 

1? 

A .number of consequences follow from this rather 
uncommon concept, which incorpora tes the repre­
sentatton of declar·ative and procedural know­
ledge, and· of schema abstractions. An. eláborate 
comment on it must be· left aside he re. A 16t 
of d iscussions about similar concepts may be 
found in the art 1 fic i31 intelligence literatur'e. 
Although the concept i::l applied now to data 

. bnse~· as. well, it-s impact is not fullY explored 
yet. · 

6.3 The 'Representati.on o~ Dé\ta Base Views 

The tf:!rm view is used here to denote a conr.ep­
tu.::~l description (frequently called external · 
descf;i pt ion) oC the data base which su its one 
user or one r;r·oup of users. A number of views 
of a data base will usually exist because a data 
b.1.r.e is· sh<1red amonR different users. Different 
users · ma.y be interested in different but over­
lapping parts of the data base, and. may ha ve 
a different understanding of the purpoSe of the 
data hase .. Nevertheless, views must be 
compattble •..;ith ench other. One m.-1.y define 
non-conflictinp; · views ~ithin thP. framework 'of 
thc_mr:u1ule concept in th12 following \./ay: 

·vtew" may be con:ürler.ed as different ,schema ab­
stractions. Differcnt view:; may then inCorporat'e 
dJ fft~t'ent sutmets of data base objects, may_ ha ve 
object3 in comrñon, and may see the objects they 
3hilre involvcd in rlifferent relationships. 

.;ommuni¡y vi-
d:ll.abue 

1 1 1 
view 1 vi-2 vi~w 3 

RES APS " 

PL FS p 

1 1 
view 1: the· flight reserv·ation view secs 
FL.IGll'I'SCHEDULE objccts. in. a ·relationship 
with PASSENGERLIST·objects. 

view 2: .the. fl_ight scheduling view sees 
FLIGHTSCHEDULE objc.cts in a relatioi'l.ship 
wit.h the PLANE objects._ 

view -3: the plan maintenance view sees 
the' PLANE obj~cts in a relationship with 
mai.ntenance CREW objects. 

·----'-. 



ir we allow c!iffercnt views to have obJects in 
col'l!Tion and allow view~ to See sharcd objects 
in differcnt relationships, we have to make sure 
that ·differ"'!nt view~ agree - at least to sorne 
ext!'!nt ;. on the intrmsiOn or· the shared objects. 
(Othenli.se the integrity of i.he data base may 
.su~fer fi'•om non-inteOded maniplilatioris of sharcd 
objecta.) It is shmm in (WEB 76) that modules 
are suitable' to define tl1ese sharing properties · 
of data .~ase objects. A bf..tcf de:'lcr.iption of 
the conccpt fol.lows in t.he next paragraphs. 

6.3.1 The State Spacc of Data Bn:>e Objects 

In arder t:l explain the notion of nRrecment 
about the ~ntension of d"ata hase ohjects, it. 
i:; convenit·nt to introriuce the c_oncept of a 
stote:'lpnce and of sub.st:'ite spaces for chaneeat?le 
data h<L"'e ohjects. An object may be changed by 
chanr,es of the set of 1. ts components, they ha ve 
howcver a pa!"ticulAr ~et of components at a ce·r..: 
ta.in time. Con~equentl y 1 they may be con~.tderet1 
to be in a certRin 3trtte at a certain t1m~ and 
thctr· state will changc in object manipu.l<1Uons. 
The s'et of legal str~.tes which corrc3ponds to 
thc ob"jccts's .int.en::~ion .mr~.y be callf!d t.hc :state 
space of .::~n object. F.ach ~ubset of thc set of 
lee;.<1l st.ates· maY be ·colled a ~uhstate space. 
A State~p<~ce of a data ohject muy be·· constdered 
a·tl the' unifying conccpt lo de:1cribe t.he set of 
lCgctl ·vitlues of instnnce.S of hoth "c"nlÜic.s and 
r~l;:¡ tion:>h,1 ps. 

As explilined before, thc description of thc re­
prcscnta'doil of an objcct and the description 
of the n~nociated manipulat1ons :!n a module cm­
bÓd.ics:_ln 'ract the de"f.1nition ·ar the space of 
all 1f'!gal, ~tates for this object. A u!.1er who. 
.inscrts n ncw ot-ject defines, wHh the cleclar- · 
ation .·ar · ils type, it.s .state space, and will 
be c.11lecl the owner of. the object. Vicws may 
share an objéct in a nonconflicti.ng manner, if 
they are dcfined by suhsets of the ownez· vicw 
statc spnce (i.e., a substote space). 

6_·. 3.?. Thc_..l!~ of Data ~~-~.:~_Ob~r-ts 

Jn arder lo rcprCsent dlfferent. st;¡tes of dif­
fe:•ent sull:;tate :'~paces of .the .same rbl.rt h:1se 
obJect (i.e., of t1iffcrcnt views), wc llave to 
introduce thc _notion 11 im;~r,c of an object". 

If the substate spaces. of an object.are differ­
ent in different views, componcnts of this ob­
ject may exist· at a Cert.Rin t"ime which máy le­
gnlly belong to one view (1..e., to orie substate 
space) hut not to <~nothcr. -Onc may say th~ dif­
fercnt vi I!WS hñ.vc di fferent i map;1~3 (or d.i fferent 
?~:r·ts of the same object'!> .statr~) of an· object, 
Le., l.hey see cliff,~rent 1nst<1ntin.ti.on:'l of an 
objcct. 

'.1f 

1 

['"·'"] Pf2,Pf2 

FfN,PfN 

[

Fil, .. J Pf2, •.. 

FS • 
FIN,,. 

p 

Pfl, .--; •. 
Pf2, •• , ." 

PIN, ." •• 

PfN+H, •• , 

p .[:"···· ] 
PfN+H,,,, 

Vicw 2 s~es an ohjcct P which embodies an in­
st.nntiat.iori of P which represents all available 
planes. View 1 contains instantiations which 
represent all allocated planes. The diffcrent 
images of the object ar·e rlefined through the 
selector rclations APS (Fjf, ~) and· ·P (Pt

1 
•• ) 

They both identify different subsets of the Set 
of components of P and make them visible in di"f­
fer·ent vicws. 

The two diffcrcnt ·vi m-Is may be created and máin­
tained because of the following def.i.niúon of 
the .two view modulCs: 

A~Jsumed the t.ype of P is define_d by a module 
PLANE (P#,TYPE,N°Si 
CREATE-PLANE 
SEARC!l-PLANE 
INSERT-PLANE 
DELETE-PLANE 

Di fferent instantiations of an object ~ may be 
created and maintained in the two djfferent 

·views i f differeqt· subsets of the set of legal 
operal.ions mn.y be caHed from the t>..m differeht 
views. 

VJE\i 1 (The Sch(!rlUlcrs' Vi.c.w) 

SEAHCH PLANE 
~r:manl i es: Non e of the · changine opera ti ons 
on P. e<~.n be inttiatcd from Vit>w 1. Thi.s :!.s 
to exprcss trie fact that view 1 is only author­
ized to tnitiate the allcication of already re.:. 
corded planes. The set of components of P in 
view 1 will then be at any time a sub.set of the 
set of components seen: in the subsequently de­
fined view 2. Consequently, the· set of possi­
ble states of P -in view 1 is a subset óf the. 
set Or possible states of P in vicw 2. 

VIEW 2· (The Inventory V_i.ew) 

SEARCH PLANE; 
INSERT PLANE; 
.Scmantic.s:· 1n!.:iel·tions of components into P 
may b(' triit1.at.P.d from·view 2 without any re~tric­
tion tr) indicat.c lts · nuthority to .. record, the 
cxi.str·n~c of planes for further use. The dele:.. 
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i:.ton And update of components, howcver, must 
be re.sm·vcd to another vtew which has control 
over both views and is able to prevent th~ de­
letton or update of already alloc.1ted planes. 
(One may call this a superview.) 

6.].1l Cornm~tnication Among Views 

One may di.stingu.t~h two ba.sica lly di fferent 
in~errelattonships between vie~o~s in a data base. 
They may etther coex1st (i.e, the~e 13 no inter­
ference betwcen views al though - they ha ve compo­

·nents _in common) or they may cooperate (l.e., 
a str1ctly .controlled commun.icatton may occur 
by mal<ing changes of. a shared object ·visible 
to all vtew."\ which see the object). Both conc­
epts will be briefly dlscu~sed in the followtnp. 
p<~.ragraphs. 

\"1ews may be defin~d to co-exist becau!1e the 
0-graph conc~pt allows one to majntatn anc! mani­
pulate ju.'lt imagc.s of data base objects. It 
therefore provtde:J mean:1 to m.1.n'!.pulate the dilta 
hase via orie view without affectlng any other 
view_. Vie•..ts·coexist in the data bñ:se, in 
general_, if the following operations are 
perfonned: 

( 1 )' insert' (cornponent of object) It• effect 
would. ~e a modlfication of the im:1ge of the 
obj~ct and of its state. The component Jn.'lerted 
vla one vic.....-, however, would not ·be vtsihle in 
other · v1ew:3_, . since the object 's · ·im.:"tge secn in 
the other view~ ha~ not bCen chang~rl. 

{2) delet.e (component of object.) Its effect 
may be ju.'lt a changé of the ima~e of the object 
w_tthout affec"ting thc .state. 

V 1 e"l1s cooperé! te i f update op~ra t 1 ons on shared 
objects may be per·formed. Update oper·<~tions 
Pr'escrv_e all the images and' chnnge the state 
of an object. The caused changef"! are therefore 
v1.stble in all views whlch reference the object. 
In arder to keep the data base in a cons1.stent 
state, a general policy. for the performance of 
updates via different views· must be established. 

( 1) If a non-owner view seeks the sha!""'ing of 
an object 1 it must agree to all possible 
chan.~es of thls ohject made by the owner 
or the object. 

(.:) An 
c!'lange 
number 
accept 

owncr view may grant the opportunity to 
an object 1t owns to all or a selected 
of other views. A non-owner may then 
this opportunity. 

Ba.ser! on a more deta!led explanat l.on In 
(WEB 6) d 1 one can conclude that ·innertions and 
eletlons ~,y be performed not causing conflicts 

aracng user view.s. Updates may be performed to 
~f"lable the communication. between views if pr·oper 
l""'..Jle!J ror this communicatlon are set forth. 

• 

1J 
6. IJ The Moclule Oriented View of Da'..:.a Base HanaSe­

me;t Systcms 

Sorne exi.':lting· arid most proposed data base manaee­
meót systems. ar·e structured in a layered 
f:~shion .. The l:l.yers correspond to the different 
modes for the representat!.on of information ir\ 
the.data ba~e (usually called logical and 
physical in n two-level architecture, or in a 
three-lcvel archH.ecturc 1 ext~rnal, conceptual 
and internal). The layers are employed 
succes~Jively for data base interrogattons and 
m:::tnlpulations. 

• • • 

e 

A numhcr of eJ:Ctern<1l ~·mach~nes" will be designect· 
to process different u.sers' inter~ction langung­
es. Thc externa! "machtne.s 11 w.tll be impiemented 
in term3 of a conceptual "machine" which in turn 
will h~ tmplementeri by an interna! "machine". 
Usu31ly different types of data (i.e. different­
ly structured or differently manipulatable data) 
will be processed by each of these "machines". 

The.module concept provides means for the imple­
mentation of those "machines" and conforms there­
for.e with thi.s principal data base manag~mP.nt 
.system architecture. · It offei-.s 1 ho·.-~ever 

1 
sorne 

further system structuring· capabilitles which 
are .appropriate .to define arbitrary structural 
refinem~nts for each ·machine. Refinements may 
be either functional (i.e. the gross function 
of a m<1chine is rlecompo.sed into sub-functions' 
of component machines) or data driven ·(i.e. a 
ril.'lchine which processes a number of types of 
data wtll be decomposed in a number of component 
machines ea_ch proce3sing a · subset of the .types 
of dat.ñ:). Such an architecture may· then be· de­
ptcted AS follows: 

---~----~---'----· -·-·-· ---·· _ _:_ ___ ~·•·--···•··-·~L-o• 
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·This arc~1 lec tu re may he developed in a coher..: 
ent way 1t:~ an· overall design proce!'ls. It may 
be al so the resul t of an ext.ension of alrea.dy 

· existing data management systems (which will 
then ·be employed by the modularily designerl 
levelS abo"ve).. · 

7. Other R~lated Work 

The madi.."! le concept has becn applied · to a number 
or ot.her problems. in data base management which 
w1ll not be described in detall here. 

( 1) · A s.9{tware design .strategy based on the 
module notion has been applied to develop 8 me­
.thodology for the design of a family of · data 
base systems. The strategy st.:pports a top-down 
design of modular data base systems (Yeh 77 
~~ 78). • 

(2) A fe• . .; attempts have been reported to develop 
a methodology for the fo¡·mal specifÚ:ation and 
verif1cation of ·data base sYstems. The method­
ology is based on concepts for. the algebraic 
~pP-cifica~ion of modules (PAO 77 F.KW 78 
BR78). ' 1 

(3) The benefit:> which c:m possihly be eaincd 
fr-om an application of the c'onccpt in design1ng 
distributed data base .systems have been · 
deacrl bcd in (HEB 78). 

(ll) Last, but not least, the concept has been 
applied to morlel secur'ity· anrl privacy enforce­
ment mechanisms·(MIN 76). 

The ·module concept has hecn shown tO be su1 table 
to model thc main features of data base 5ystems. 
Jt. sh?uld const;quently contribute to thc sin:pli­
fication of the dalR base 8yntcm devclopment 
nnd lo. the cnhancemt:nt of d.nta hnse systcms. 
The use of rilodules a:; a c1c:o~cr.lpt1w! tool docs 
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not im"ply any · redefinition of· accepted basic 
concepts 10 data base management. It offers how­
ever ¡ in ·some cases, a more precise definltion 
of the concepts. 

Although an increasing number of people are do­
ing work on the subject, experimental projeots 
along this line have not yet been repo_rted éo 

· far:. The presentation was aimed at stimulating 
some.further work on the application of the 
concept to database systems. 
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Data base Description with. SDM: 
A Semantic Database Model 

MICHAEL HAMMER 
Massachusetts lnstitute ofTechnology 

and 
DENNIS McLEOD 
University o( Southern California 

CENTRO · 0[ ll:fORMACJON 
Y DGCUME~TACJON 

SDM ís a high-Jevel semantics-based d·atabase description and structuring formalism (data base model) 
for databases. This database model is designed to capture more of the meaning of an application 
euvironment than is possible with contemporary database models. An SDM specificS:f:ion describes a 
data base in terms of the kinds of entities that exist in the application environment, the classifications 
a.pd "groupings of those entities, and the structural interconnections among them. SDM provides a 

· collection of high-level modeling primitives to capture the semantics of an application environment. 
By accommodating derived information in a database structural specification, SDM Eillows the same 
information to be viewed in sevE:ral ways; this makes it possible to directly accommodate the variety 
of needs and processing requirements typically present in database applications. The design of the 
present SDM ís based on our experience in using a preliminary version of it. 

SDM is designed to enhance the effectiveness and usability of database systems. An SDM database 
description can serve as a formal sPecification and documentation too) for a data base; it can provide 
a basis for supporting a variety of Powerful user interface facilities, it can serve as a conceptual 
database model in the database design process; and, it can be used as the database model for a new 
kind of data base management_ system. ' 

Key Words and Phrases: database management, database models, database semantics, database 
definition, database modeling, logical database design 
~R Cate.gories: 3.73, 3.74, 4.33 

1. INTRODUCTION 

Every database· is a ;nodel of sorne real world system. At all times, the contents 
of a database are intended to representa snapshot of the state of an:application 
enuironment, :and each change to the database should reflect an event (or 
sequence of events) occurring in that environment. Therefore, it is llppropriate 
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352 M. Hammer and D. Mcleod 

that the struc'ture of a data base m¡;.,.or the structure of the system that it rno'dels: 
A database whose organization is based on naturally occurring structures will be 
easier for a data base designer to construct and modify than one that forces him 
to translate the primitives of his problem domain into artificial specification 
constructs. Similarly, .a database user should find it easier to understand and 
employ a data base if it can be described to him using concepts with which he is 
already familiar. . 

The global user view of a database, as specified by the database designer, is 
known as its' (logica/) schema. A schema is specified in terms of a database 
description and structuring formalism and associated operations, éalled a data· 
base model. ";Ne believe that the data structures provided by contemporary 
database models do not adequately support the design, evolution, and use of 
complex databases. These database models have significantly limited capabilities 
for expressing the meaning of a database and to relate a database to ita corre­
sponding application environment. The semantics of a database defined in terms 
of these mechanisms are not readily apparent from the schema; instead, the 
semantics mu'st be separately specified by the database designer and consciously 
applied by the user. · 

Our goal is the design of a higher-level database model that will enable the 
database designer to naturally and directly incorpora te more of the semantics of 
a database into its schema. Such a semantics-based database description and 
structuring formalism is intended to serve as a natural application modeling 
mechanism to capture and express the structure of the application environment 
in the structure of the database. 

1 .1 The Design of SDM 
This paper de~cribes SDM, a database description and structuring formalism that 
is intended to allow a data base schema to capture much more of the meaning of 
a database than is possible with contemporary database models. SDM is designed 
to pro vide features for the natural modeling of data base application environments. 
In designing SDM, we analyzed many database applications, in order to determine 
the structures' that occur and recur in them, nssessed the shortcomings of 
contemporary data base models in capturing the semantics of these applications, 
and developed strategies to address the problems uncovered. This design process 
was itera ti ve, in that features were removed, added, and moditied during various 
stages Óf design. A preliminary version of SDM was discussed .in (21]; however, 
this initial database model has been further revised and restructured based on 
experience with its use. This paper presenta a detailed specification of SDM, 
examines its applications, and discusses its underlying principies. _ 

SDM has been designed with a number of specific kinds of uses in mind. First, 
SDM is meant to serve as a formal specification mechanism for describing the 

· meaning of a database; an SDM schema provides a precise documenlation and 
cornmunication medium for database users. In particular, a new user of a large 
and complex database should frnd its SDM schema of use in determining what 
inforrnation is contained in the database. Second, SDM provides the basis for a 
variety ofhigh-level semantics-based user interfaces toa data base; these interface 

·facilities can be constructed as front-ends to existing data base management 
systems, or as the query language of a new data base management system. Such 
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interfaces improve the process ·or identifying and retrieving relevant information 
from the databa5e: For example, SDM·has been used to constnict a user interface 
facility for.nonprogrammers [28]. Finally,SD~ provides a foundation for sup­
porting the effective and structured design of databases and database-intensive 
application systems. . . . . · · 
. SDM has been designed to satisfy a. number of criteria that are not met by 
contemporary database models, but which we believe to be essential in an 
effective database description and structuring formalism [22]. They are as 
follows. 

(1) The constructs of the dÍltabase model should provide for the explicit 
specification of a large portien of the rrieaning of a data base. Many contemporary 
database models (such as the CODASYL DBTG network model [11, 47] and the 
hierai-chical model [ 48]) exhibit compromises between the desire to pro vide a 
user-orlented database organization and the need to support efficient database · 

· storage and nianipulation facilities. By cont"rast, the relational database model 
· [12,"13] stresses the separation of user-level data base speci(ications and underly­
ing irnplementation detail (data independence). Moreover, the relational database 
model emphasizes the. irnportance of unde;standable modeling constructs 
(specifically, the nonhierarchic relation), and user-oriented database system 
interfaces [7, ·8]. · · .. 

Howeve_r, the semantic. expressiveness of the hierarchical, network, and rela­
tional models is limited; they do not provide sufficient mechanism to allow a 
database schema to descnb~ the meaning of a database. Such models employ 
overly simple data -s~ructures to modelan application environment. In so doing, 
they inevitably lose"information about the.database; they provide for the expres­
sion of only a limited rá.ng·e of a:désii>;ner's kriowledge of the application enviren--: 
merit. [4, 36, 49]. This is- a chn5eqlíen"cé :.of the fact tha('their structures are··- . 

. essentially all record-oriented · constructs; the. appropriateness and adequacy of 
· the record construct for,expressinfdatabase semantics.is highly lirnited [17, 22-

24, 27]. We believe .that it is.necessary, to. break with the tradition ofrecord-hased 
modeling; and to. ba'se a database;.Tiodel:on structural constructs that are high!y 
user oriented and expressive .of the application environment.. To this end, it is 
essential that the data base model provide a rich set of features to allow the direct 
modeling of application environment semantics. 

(2) A· database model must support a relativist view of the meaning of a· 
database, and allow the structure of a database to support alternative ways of 
looking at the same information. ·In order, to accommodate multiple views of the 
same data and to enable the evolution of new perspectives on the data, a database 
model must support schemata 'that ~e flexible, ·potentially logically redundant, 
and integrated. Flexibility is essential in order to allow for multiple and.coequal 
views of the_ data. In a logically redundan/ database schema, the values of sorne 
database components can be algorithmically derived from others. Incorporating -'. 
such derived information into a schema can simplify theuser's manipulation of 
a data base by statically embedding in the schema 'data val u es that would 
otherwise have to be dynamically and repeatedly computed. Furthermore, the 

· use of derived dat~ can e ase the development of new applications of the data base, 
since new data ~eq1,1iréd by these applications can often be readily adjoined to the 
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existing schema. Finally, an integfated schema explicitly describes Íhe relation­
ships and similarities between multiple ways of viewing the same information. 
Without a degree of this critica! integration, it is difficult to control the redun­
dancy and to specify that the various alternative interpretations of the database 
are equivalent.· 

Contemporary, record-oriented database models do not adequately support 
relativism. In these models, it is generally necessary to impose a single structural 
organization of the data, one which inevitably carries along with it a particular 
interpretation of the data's meaning. This meaning may not be appropriate for 
all users of thé database and may furthermore become entirely obsolete over 
time. For example, an association between two entities can legiÜmately be viewed 
as an attribute of the frrst entity, as an attribute of the second entity, or as an 
entity itself; thus, the fact that an officer is currently assigned as the captain of 
a ship could be expressed asan attribute of the ship (its curren! cáptain), asan 
attribute of the officer (bis curren! ship), or as an independent (assignment) 
entity. A schema should make all three of these interpretations equally natural 
and direct. Therefore, the conceptual data base model must provide a specifícation 
mechanism that simultaneously accommodates and integrales these three ways 
of looking at an assignment. Conventional data base models fail to adequately 
achieve these goals. 

Similarly, another consequence of the primacy of the principie of relativism is 
that, in general, the database model should not make rigid distinctions between 
such concepts as entity, association, and attribute. Higher-level data base models 
that do require the database schema designer to sharply distinguish among these 
concepts (such 8.s [9, 33]) are thus considered somewhat lacking in their support 
of relativism. 

(3) A data base model must support the defínition of schemata that are based 
on abstrae! entities. Specifically, this means that a database model must facilita te 
the description of relevan! entities in the application environment, collections of 
such entities, relationships (associations) among entities, and structural inter­
connections among the collections. Moreover, the entities themselves must be 
distinguished from their syntactic identifiers (names); the user-level view of a 

. database should be based on actual entities rather than on artificial entity names. 
Allowing entities to represen! themselves makes it possible to directly reference 

an entity from a related one. In record-oriented database models, it is necessary 
to cross reference between related entities by means of their identifiers. While it. 
is of course neces5ary to e~entually represent "abstract" entities as symbols insidé 
a computer, the point is that users (and application programs) should be able to 
reference and manipulate abstractions as well as symbols; interna! representations 
to facilitate computer processing should be hidden from users. 

Suppose, for example, that the schema should allow a user to obtain the entity 
that models a ship's current captain from the ship entity. To accomplish this, it 
would be desirable to define an attribute "Captain" that applies to every ship, 
and whose value is an officer. To model this information using a record-oriented 
data base model, it is necessary to select sorne identifier of an officer record (e.g., 
last name or identification number) to stand as the value of the "Captain" 
attribute of a ship. For example, using the relational database model, we might 
ha ve a relation SHIPS, one of whose attributes is Officer _name, and a relat.ion 
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OFFICERS, which has Officer_name as a logica1 key. Then, in orde; to find the 
information about the captain of a given ship, it would be necessary to join 
relatibns SHIPS and OFFICERS on Officer_name; an· explicit cross reference · 
via identifiers is required. This forces the user to deal with an extra leve! of 
indirection and to consciously apply a join to retrieve a simple item of information . 
. In consequence of the fact that contemporary database models require such 

surrogates to be used in connections among entities, important types of semantic 
intégrity constraints on a database are not directly captured in its schema. If 
these semantic constraints are to be expressed and enforced, additional mecha­
nisms must be provided to supplement contemporary data base models [6, 16, 19, 
20, 45]. The problem with this approach is that these supplemental constraints 
are at best ad hoc, and do not integra te al! available inforn¡ation into ~ simple· 
structure. For example, it is desirable to require that only captains who are known 
in the database be assigned as officers of ships. To accomplish this in the 
relati~nal database model, it is necessary to impose the supplemental constraint 
that each value of attribute Captain_name of SHIPS must be present in the 
Captain_name column ofrelation OFFICERS. Ifit were possible to simply state 
that each ship has a captain attribute whose value is an officer, this supplemental 
constraint would not be necessary. 

The design of SDM has been based on the principies outlined above which are 
. discussed at greater length in [22]. 

2. A SPECIFICATION OF SDM 

The f~llowing general principies of database organization underlie the design of 
SDM. 

(1) A database is to be viewed as a collection of entities that correspond to the 
aétual objects in the application environment. 

(2) The entities in a database are orgarúzea into classes ti\at are mearúngful 
collections of entities. ' 

(3) The classes of a database are not in general independent, but rather are 
logically relatad by means of interclass connections. 

(4) Database entities and classes have attributes that describe their character­
istics and relate them to other data base entities. An attribute value may be 
de.rived fi-om other values in the database. . 

(5) There ar~ severa! primitive ways of defining interclass connections and 
derived attributes, corresponding to the most common types of information 
redundancy appearing in database applications. These facilities integrate 
multiple ways of viewing the same basic information, and provide building 
blocks for describing complex attributes and interclass relationships. 

2.1 Classes 

An SDM database is a collection of entities that are organized into classes. The 
· structure .and organization of an SDM database is specified by an SDM schema, 

which identifies the classes in the database. Appendix A contains an example 
SDM schema for a portian of the "tanker monitoring application environment"; 
a specific syntax (detailed in Appendix B) is used for exp;essing this schema. 
Examples in this paper are based on this application domain,' which is concerned 
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.. 
. with·monitoring and controUing ships with potentiaUy hazardous ca:rgoes (such 
as oil tankers), as they en ter U .S. coastal waters and ports. A data basé supporting 
this applicatibn would contain information on ships .and their positions, oil 
tankers and their inspections, oil spills, ships that are banned from U .S. waters, 
and so forth . 

. Each class in an SDM schema has the foUowing features. 

(1) A class name identifies the class. Multiple synonymous names are also 
permitted. Each class name must be unique with respect to aU class names used 
in a schema. for notational convenience in this paper, class names are strings of 
uppercase let~ers ·and special characters (e.g., OIL_ TANKERS), as shown in · 
Appendix A .. 

(2) The class has a coUection of mcmbers: the entities that constitute it. The 
phrases "the members of a class" and "the entities in a class" are thus synony· 
rnous. Each class in an SDM schema is a homogeneous co!lection of one type of 
entity, at an appropriate leve! of abstraction. 

The entities in a class may correspond to various kinds of objecta in the 
application environment. These include objecta that may be viewed by us· 
ers as: 

(a) concrete objecta, such as ships, oil tankers, and ports (in Appendix A, these 
are classes SHIPS, OIL_ TANKERS, and PORTS, respectively); 

(b) events, such as ship accidenta (INCIDENTS) and assignmenta of captains to 
ships (ASSIGNMENTS); 

(e) higher-level entities such as categorizations (e.g., SHIP _ TYPES) and aggre· 
gations (e.g., CONVOYS) of entities; 

(d) names, which are syntactic identifiers (strings), such as the class of all possible 
ship names (SHIP ..:_NAMES) and the class of al! possible calendar dates 
(DATES). 

' Although it is useful in certain circumstances to label a class as containing 
"concrete objecta" or "eventa" [21], in general the principie of relativism requires 
that no such fixed specification be included in the schema; for example, inspec­
tions of ships (INSPECTIONS) could be considered to be either an event oran 
object, depending u pon the user's point o( view. In consequence, su eh distinctions 
are not directly supported in SDM. Only name classes (classes whose members 
fl.Te names) Contain data iterns that can be transmitted into and OUt of a database, 
for example, names·are the values that may be entered by, or displayed to, a user. 
Nonname cl.;,.,;es represent abstract entities from the application environment. 

(3) An (optional) textual class dcscription describes the meaning and contenta 
of the class. -A class description should be used to describe the specific nature of 
the entities .that constitute a class and to indica te their significance and role in 
the application cnvironment. For example, in Appendix A, class SHIPS has a 
description .indicating that the class contains ships with potentiaUy hazardous 
cargoes that may enter U.S. coastal waters. Tying this documentation directly to 
schema entries makes it acccssible and consequently more valuable. 

(4) The class has a coUection of attributes that describe the members of that 
class or the class as a whole. There are two types of attributes, classified according 
to applicability. 
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(a) A member attribule describes an aspect of each member of a class by logÍcally 
connecting the member to one or more related entities in the same or another 
class. Thus a member .attribute is used to describe each member of sorne 
class. For example, each member of class SHIPS has attributes Name, 
Captain, and Engines, which identify the ship's name, its current captain, 
and its engines (respectively). 

(b) A class attribule describes a property of a class taken as a whole. For 
example, the class INSPECTIONS has the attribute Number, which identi· 
fies the number of inspections currently in the class; the class 
OIL_TANKERS has the attribute Absolute_legal_top_speed which in­
dicates the absolute maximum speed any tanker is allowed to sail. 

(5) The class is either a base class or a nonbase class. A base class is one that 
is defined independently of all other classes in the data base; it can be thought of 
as modeling a primitive entity in the application environment, for example, 
SHIPS. Base classes are mutually disjoint in that every entity is a member of 
exactly one base class. Of course, at sorne level of abstraction all entities are 
members of class "THINGS"; SDM pro vides the notion of base class to explicitly 
support cutting off the abstraction below that most generallevel. (lf it is desired 
that aU entities in a data base be members of sorne class, then a single base class 
would be defined in the schema.). ' 

A nonbase class is one that does not have independent existence; rather, it is 
defined in terms of one or more other classes. In SDM, classes are structurally 
related by means of inlerclass connections. Each nonbase class has associated 
"ith it one interclass connection. In the schema definition syntax shown in 
Appendix A, the existence of an interclass connection for a class means that it is 
non base; if no interclass · connection is present, the class is a base class. In 
Appendix A, OIL_ TANKERS is an example of a nonbase class; it is defined to 
be a subclass of SHIPS which means that its membership is always a subset of 
thé members of SHIPS. · 

. (6) If the class is a base class, it has an associated Jist of groups of member 
attributes; each of these groups serves as a logjcal key to uniquely identify the 
members of a class (identifiers). That is, there is a one-to-one correspondence 
·between the values of ea eh identifying attribute or attribute · group and the 
entities in a class. For example, class SHIPS has the unique identifier N ame, as 
well as the (alternatlve) unique identifier Hull_number. 

(7) If the class is a base class, it is speeified as either conlaining duplica/es or 
not containing duplicates. (The default is .that duplicates are allowed; in the 
schema syntax used in Appendix A, "duplicates not allowed" is explicitly stated 
to indicate that a class may not contain duplicate members.) Stating that 
duplica tes are not allowed amounts to requiring the members of the class to ha ve 
sorne difference in their attribute values; "duplicates not allowed" is explicit 
shorthand for requiring aU of the member attributes of a class taken together to 
constitute a unique identifier. 

2.2 lnterclass Connections 

As specified ábove, a nonbase class has an associated interclass connection that 
defines it. There are two main types of interclass connections in SDM: the fust 
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allows subclasses to be defined and the second support.s grouping claS.ses. These 
interclass connection types arP. detailed as follows. 

2.2.1 The Subclass Connection. The first type of interclass conne~tion speci­
fies that the members of a non base class (S) are of the same basic entity type as 
those in the class to which S is related (via the interclass connection). This type 
of interclass connection is used to define a subclass of a given class. A subclass S 
of 8 class e (called the paren! class) is a class th8t contains sorne, but not 
necessarily all, of the members of C. The very same entity can thus be 8 member 
of many classes, .for example, a given entity may simultaneously be a member of 
the classes SHIPS, OIL _ T ANKERS, and MERCHANT _ SHIPS. (However, 
only one of these may be a base cl8ss.) This is the concept of "subtype" (21, 25, 
31, 32, 41) which is missing from most data base models (in which a re~ord belongs 
to exactly one file). 

In SDM, a subclass S is defined by specifying a class C and a predic8te P on 
the members of C; S consists of just those members of C that satisfy P. Severa! 
types of predica tes are permissible. 

(1) A predica te on the member 8tlributes of C can be used to indic8te which 
members of C are also members of S. A subclass defined by this tech­
nique is called · 8n attribute · defined subclas.s. For example, the class MER­
CHANT _ SHIPS is defined (in Appendix A) as a subclass of SHIPS by the 
member attribute predica te "where Type = 'merchant' "; that is, a member of 
SHIPS is a member of MERCHANT _SHIPS if the value of its attribute Type 
is "merchant." (A detailed discussion of member attribute predic8tes is provided 
in what follows. ·The usual comparison operators and Boolean connectives are 
allowed.) 

(2) The predicate "where specified" can be used to define S as a user-control· 
lable subclass of C. This means that S contains at all times only entities that are 
members of C. However, unlike an attribute-defined subclass, the definition of S 
does not identify which members of C are inB; rather, database users "manually" 
add to· (and delete from) S, so long as the subclass limitation is observed. For 
example, BANNED _SHIPS is defined as a "where specified" · subclass of 
"SHIPS"; this allows sorne authority to han a ship from U.S. waters (and possibly 
later rescind that han). ~ 

An essential difference between attribute-defined subclasses and user-control­
lable subclasses is that the membership of the former type of subclass is deter­
mined by other information in the data base, while the membership. of the latter 
type of subclass is directly and explicitly controlled by users. lt would be possible ., 
to simulate the effect of a user-controllable subclass by an attribute-defined 
subclass, through the introduction of a dummy member attribute of the parent 
class whose sole purpose is to specify whether or not the entity is in the subclass. 
Subclass membership could then be predicated on the value of this attribute. 
However, this would be a confusing and indirect method of capturing the 
semantics of the application environment; in particular, there are cases in which 
the method of determining subclass membership is beyond the scope of the 
database schema (e.g., by virtue of being complex). · 

(3) A subclass definition predicate can specify that the members of subclass 
S are just those members of C that also belong to two other specified data-
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base classes (e, ande,); this provides a class intersection capability. To insure a 
type-compatible intersection, e, and e, must both be subclasses of e, either 
directly 'or through a series of subclass relationships. For example, the 
class BANNED_OJL_TANKERS is defined as the subclass of SHJPS that 
contains those · members common to the classes OIL _ T ANKERS and 
BANNED SHIPS. 

In addition to an intersection capability, a subclass can be defined by class 
'union and difference. A un ion subclass contains those members of e in either e, 
or e,. For example, class SHIPS _ TO _BE_MONITORED is defined as a 
subclass of SHIPS.with the predicate "where is in BANNED_SHIPS or is in 
OIL_ TANKERS_:__REQUJRING_JNSPECTION." A difference subclass con­
tains those members of e that are not in e,. For example, class SAFE_SHIPS 
is defined as the subclass of SHIPS with the predicate "where is not in 
BANNED _SHIPS.". 

The intersection, union, and difference subclass definition primitives allow set­
operator-defined subclasses to be specified; these primitives are provided because 
they often represent the most natural means of defining a subclass. Moreover, 
these operations are needed to effectively defme subclasses of user-controllable 
subclasses. For example, class intersection (rather than a member attribute 
predica te) must be used to define class SHIPS~ TO _BE_MONITORED; since 
BANNED _SHIPS and OJL_ TANKERS_REQUIRING_JNSPECTJON are 
both user-controllable subclasses, no natural member attributes of either of these 
classes could ):¡e used to state an appropriate defining member attribute predicate 

· for SHIPS_ TO_BE_MONITORED. . . 
(4) The final type of subclass definition allows a subclass S to be defined as 

. consisting of all of the members of e that are currently values of sorne attribute 
A of another class e,. That is, class S contains all of the members of e that are 
a value of A This type of class is called an existence subc/ass. For example, class 
DANGEROUS_ CAPTAINS is defined as the subclass of OFFICERS satisfying 
the predicate "where is a value of lnvolved_captain of·INCIDENTS"; this 
specifies that DANGEROUS_CAPTAINS contains all officers who have been 
involved in an incident. 

2.2.2 The Grouping eonnection. The other type ofinterclass connection allows 
for the definition of a non base class, called agrouping class (G), whose members 
are of a higher-order entity type than those in the underlying class (U). A 
grouping class is second arder, in the sense that its members can themselves 
be viewed as classes; in particular, they are classes whose members are taken 
from U. 

The following options are availa ble for defining a grouping class. 

(1) The grouping class G can be defined as consisting of all classes formed by 
collecting the members of U into classes based on ha,~ng a common value for one 
or rnore designated member attributes of u (an expression -defined grouping . 
c/ass). A grouping expression specifies how the members of U are to be placed 
into these groups. The groups formed in this way become the members of G, and 
the members of a member of G are called its contents. For example, class 
SHJP _ TYPES in Appendix A is defined as a grouping class of SHIPS with 
the grouping expression "on common value of Type". The members of 
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SHIP _ TYPES are not ships, but rather are groups of ships. In particular, the · 
intended interpretation of SHIP _ TYPES is as a collection of types of ships,'­
whose instances are the contents (members) of the groups that constitute 
SHIP _ TYPES. This kind of grouping class represents an abstraction of the 
underlying class. That is, the elements of the grouping class correspond in a sense 
to the shared property of the entities that are its contents, rather than to the 
collection of entities itself. 

lf the grouping expression u sed to defme a grouping class in vol ves 'only a single­
valued attribute, .then the groups partition the underlying class; this is the case 
for SHIP _ TYPES. However, if a multivalued attribute is involved, then 
the groups may have overlapping contents. For example, the class 
CARGO_TYPE_GROUPS can be defined as a grouping class on SHIPS with 
the grouping expression "on common value ofCargo_types"; since Cargo_types 
is multivalued, a given ship may be in more than one cargo type category. 
Although the grouping mechanism is limited to single grouping expressions 
(namely, on common value of one or more member attributes), complex grouping 
criteria are possible vía derived attributes (as discussed in what follows). 

It should be clear that the contents of a group are a subclass of the class 
underlying the grouping. The grouping expression used to define a grouping class 
thus corresponds to a collection of attribute-defined subclass definitions. For 
example, for SHIP _ TYPES, the groupil)g expression "on common value of 
Type" corresponds to the collection of subclass member attribute predica tes (on 
SHIPS) "Type = 'rnerchant'," "Type = 'fishing'," and O(Type = 'military'." Sorne· 
or all of these subclasses may be independently and explicitly defined in the 
schema. In Appendix A, the class MERCHANT _SHIPS is defined as a·sübclass 
of SHIPS, and it is also Jisted in the definition of SHIP _ TYPES as a class that 
is explicitly defined in the data base ( "groups defined as classes are MER­
CHANT _SHIPS"). In general, when a grouping class is defiried, a list of the 
names of the groups that are explicitly defined in the schema is to be included in 
the specification of the interclass connection; the purpose of this list is to relate 
the groups to their corresponding subclasses in the schema. 

(2) A second way to define a grouping class G is by pro\'iding a Jist of classes 
(C1 , C2 , ••• , C.) that are defined in the schema; these classes are the members of 
the grouping class (an enumerated grouping class). Each of the clao;ses (C,, e,, 
... , C.) must be explicitly defined in the schema as an (eventual) subclass of the 
class U that is specified as the class underl)~ng the grouping. This grouping class 
definition capability is useful when no appropriate attribute is available for 
defining the grouping and when all of the groups are themselves defined as classes 
in the schema. For example, a class TYPES_ OF _HAZARDOUS_SHIPS can 
be defined as "grouping of SHIPS consisting of classes BANNED_SHIPS, 
BANNED_OIL_TANKERS, and SHIPS_TO_BE_MONITORED." 

(3) A grouping class G can be defined to consist of user-controllable subclasses 
of sorne underlying class (a user-controllable grouping class). In effect, a user­
controllable grouping class consists of a collection of user-controllable subclasses. 
For example, class CONVOYS is defined as a grouping of SHIPS "as specified." 
In this case, no attribute exists to allow the grouping of ships into convoys nnd 
individual convoys are not thernselves defined as classes in the schema; rather, 
each member of CONVOYS is a user-controllable group of ships that users may 
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add to or delete from. This kind of grouping class models simple "aggregates" 
over a base class: arbitrary collections of entities manipulated by users. · 

2.2.3 M u/tiple lnterclass Connections. As specifed above, each nonbase class · · 
in ari SDM .schema has a single interclass connection associated with it. While it 
is meaningful and reasonable in sorne cases to associate more than one interclass 
conn~ction with a non base class, the uncontrolled use of suéh multiple interclass 
connéctions could introduce undesirable complexity into a schema. In conse­
quence, only a single interclass connection (the most natural one) should be used 
to define a nonbase class. 

To illustrate . this point, consider for example the class RURI­
TANIAN OIL T ANKERS. Clearly, this class could be specified as an attri­
bute-defined subclass of OIL_ TANKERS (by the interclass connection "sub­
class ofOIL_ TANKERS where Country.Name = 'Ruritania'"), oras a subclass 
of RURITANIAN_SH!PS (by the interclass connection "subclass of RURI­
TANIAN_SH!PS where Cargo_types contains 'oil"'); these defwitions á.re, in 
a sense, semantically equivalent. The possibility of allowing multiple (semanti­
cally equivalen!) interclass connections to be specified for a nonbase class was 
considered, but it was determined that such a feature could introduce considerable 
complexity: The mechanism could be used to force two class definitions that are 
not semantically equivalen! to define classes with the same members. For ex­

. ample, one could associat.e interclass connections that define the class of al! 
Ruritanian ships and the class of al! dangero~s ships with a single class, intending 
to force the sets of members of these two possibly independent collections to be 
the same. In sum, without a carefully formulated and powerful notion of semantic 
equivalence '[30), it was determined that multiple interclass connections for a 
non base class should not be allowed in SDM. Of course, multiple class names 
and judiciously selected class descriptions can be used to · convey addi­
tional, defmitions, for example, naming a class BANNED _ SHIPS and 
RURITANIAN_OIL_ TANKERS to indicate that the two sets of ships are 
in tended to be one and the same. 

2.3 Name Classes 
Entities are application constructs that are directly modeled in an SDM schema. 
In thé real world, entities can be denoted in a number of ways; for example, a 
particular ship can be identified by giving ita name or its hull number, by 
exhibiting a picture of it, or by pointing one's finger at the shlp itaelf. Operating 
entirely within SDM, the typical way of referencing an entity is by rneans of an 
entity-valued attribute that gives access tothe entity itaelf. However, there must 
also be sorne mechanism that allows for the outaide world (i.e., users) to com­
municate with an SDM data base. This will typically· be accomplished by data 
being entered or displayed on a computer terminal. However, one cannot enter or 
display a real entity on such a terminal; it is necessary to employ representations 
oft.hem for that purpose. These representations are called SDM names. A name 
is any string of symbols that denotes an actual value encountered in the appli· 
cation environment; the strings "red," "128," "8/21/78," and "321-004" are all 
names. A name class in SDM is a collection of strings, namely, a sub'dass of the 
built-in class STRINGS (which consista of al! strings over the basic set of 
alphanumeric characters). 
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Every SDM name class is defined by means of the interclass · connection 
"subclass." The following methods of defining a class S of names are aváilable. 

(1) The class S can be defined as the intersection, uni"on, or difference of two 
other name .classes. 

(2) The class S can be defined as a subclass of sorne other name class C with the 
predicate "where specified," which means that the members of S belong 
to C, but must be explicitly enumerated. In Appendix A class 
COUNTRY _N AMES is defined in this way. 

(3) A predica te can be used to define S as a subclass of C. The predicate specifies 
the subset of C that constitutes S by indicating constraints on the formal 
of the acceptable data values. In Appendix A, classes ENGINE_ 

. SERIAL_NUMBERS, DATES, and CARGO_ TYPE_NAMES are de­
fined in this way. CARGO_ TYPE_NAMES has no format con· 
straints, indicating that al! strings are valid cargo type names. 
ENGINE SERIAL_NUMBERS and DATES do have constraints that 
indica te the patterns defining legal members of these classes. Note that for 
convenience, the particular name classes NUMBERS, INTEGERS, REALS, 
and YES/NO (Booleans) are also built into SDM; these classes ha ve obvious 
definitions .. (Further details of the format specification language used here 
are presented in (26).) 

2.4 Attributes 

As stated above, each class has an associated collection of attributes. Each 
attribute has the following features. 

(1) An attribute na me identifies the attribute. An attribute name must be unique 
with respect to the set of al! attribute names used in the class, the class's 
underlying base class, and all eventual subclasses of that base class. (As 
decribed in (30], this means that attribute names must be unique within a 
"family" of classes; this is necessary to support the attribute inheritance rules 
described in what follows.) As with class names, multiple synonymous attri· 
bu te names are permitted. For notational convenience in this paper, attribute 
names are "Titten as one uppercase letter followed by a sequence of lowercase 
letters and special characters (e.g., the attribute Cargo_ types of class 
SHIPS), as shown in Appendix A. 

(2) The attribute has a value which is either an entity in the database (a member 
of sorne class) or a collection of such entities. The value of an attribute is 
selected from its underlying value class, which contains the permissible 
values of the attribute. Any class in the schema may be specified to be the 
value class of an attribute. For example, the value class of member attribute 
Captain of SHIPS is the class OFFICERS. The value of an attribute may 
also be the special value null (i.e., no value). 

(3) The applicability of the attribute is specified by indicating that the attribute 
is either: 

(a) a member attribute, which applies to each member of the class, and so 
has a value for each member (e.g., N ame of SHIPS); or 

(b) a class attribute, which applies to a class as a whole, and has only one 
value for the class (e.g., Number of INSPECTIONS). 
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(4) An (optional) attribute description is text that describes the mMning and 
purpose of the attribute. For ·example, in Appendix A, the description of 
Captain of SHIPS indicates that the value of the 11ttribute is the current 
captain of the ship. (This serves ..S an integrated form of database documen­
tation.) 

(5) The attribute is specilied as either single valued or multivalued. The value 
of a single-valued attribute is a member of the value class of the attribute, 
while the value of a multivalued attribute is a subclass of the value class. 
Thus, a mullivalued attribute itself defines a class, that is, a collection of 
entities. In Appendix A, the class OIL_ TANKERS has the single-valued 
member at.tribute Hull_type and the multivalued member attribute lnspec­
tions. (In the schema definition syntax used in Appendix A, the default is 
slngle valued.) lt is possible to place a constraint on the size of a multivalued 
attribute, by specifying "multivalued with size between X and Y," where X 
a~d Y are intege;s; this means that the attribute mus! ha ve between X and 
}~ values. For example, attribute Engines of SHIPS is specilied as "rnultival­
ued with size between O and 10"; this means that a SHIP has between O and 
10 engines. 

(6) An attribute can be specified as mandatory, which means that a null value is 
not allowed.for it. For example, attribute Hull_number of SHIPS is specified 
as · "may not be null"; this models the fact that every SHIP has a 
Hull_number. 

(7) An attribute can be specified as nol changeable, which means that once set 
to a nonnull value, this value cannot be altered except to corree! an error. 
For exampie; attribute Hull_number of SHIPS is specified as "not change­
able." 

(8) A member attribute can be required to be exhaustive of its value cl;¡.ss. This 
means that every member of the value dass of the attribute (call itA) must 
be the A value of sorne entity. For example, attribute Engines of SHIPS 
"exhausts value class," which means that every engine entity mus! be an 
engine of sorne ship. 

(9) A multivalued member at.tribute can be specified as nonoverlapping which 
means that the values of the attribute for two different entities have no 
entities in common; that is, each member of the value class of the attribute 
is used at most once. For example, Engines of SHIPS is specified as having 
"no overlap in values," which means that any engine can be in only one ship. 

(10) The attribute may be related to other attributes, and/or defined in terms of 
other infonnation in the schema. The possible types of such relationships are 
different for member and class attributes, and are detailed in what follows. 

2.4.1 Member Attribute lnterrelationships. The first way in which a pair of 
member attribules can be related is by means of inversion. Member attribute A 1 

of class e, can be specilied as the inverse of member attribute A, of e, which 
means that the value of A 1 for a member M 1 of e, consists of those members of 
e, whose value of A, is M,. The inversion interattribute relationship is specified 
symmetrically in that both an attribute and its inverse contain a description of 
the inversion relationship. A pair of in verse attributes in effect establish a binary 
association between the members of the classes that the attributes modify. 
(Although all attribute inverses could theoretically be specified, if only one of a 
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pair of such attribu.tes is relevan!, then it is the only one that is deiined in the 
schema, that is to say, no inverse specification is provided.) For example, attribute 
Ships_registered_here of COUNTRIES is specified in Appendix A as the 
inverse of attribute Country _of_registry of SHIPS; this establishes the fact 
that both are ways of expressing in what country a ship is registered. This is 
accomplished by 

(l) specifying that the val u e class of attribute Country _ of_registry of SHIPS 
is COUNTRIES, and that its inverse is Ships_registered_here (of COUN­
TRIES); 

(2) specifying that the val u e class of attribute Ships_registered_here ofCOUN­
TRIES is SHIPS, and that its inverse is Country_of_registry (of SHIPS). 

The second way in which a member attribute can be related to other infor­
mation in the database is by matching the value of the attribute with sorne 
member(s) of a specified class. In particular, the value of the match attribute A 1 

for the member M, of class C, is determined as follows. 

(1) A member M 2 of sorne (specified) class e, is found that has M, as its val u e of 
(specified) member attribute A,. 

(2) The value of (specified) member attribute Aa for M, is used as tlie value of A, 
forM,. 

lf A 1 is a multivalued attribute, then it is permissible for each member of e, to 
match to several members of e,; in this c~e. the collection of Aa values is the 
value of attribute A,. For example, a matching specification indicates that the 
value of the attfibute Captain for a member S of class SHIPS is equal to the 
value of attribute Officer of the member A of class ASSIGNMENTS whose Ship 
value is S. 

lnversion and matching provide multiple ways of viewing n-ary associations 
among entities. lnversion permits the specification of binary associations, while 
matching is capable of supporting binary and higher degree associations. For 
example, suppose it is necessary to establish a temar:~· association among oil 
tankers, countries, and dates. to indicate that a given tanker was inspected in a 
specified country on a particular date. To accomplish this, a class could be defined 
(say, COUNTRY _INSPECTIONS) with three attributes: Tanker _inspected, 
Country, and Date_inspected. Matching would then be used to relate these to 
appropriate attributes of OIL_ TANKERS, COUNTRIES, and DATES that 
also express this information. lnversions could B.!so be specified to relate the 
relevan! member attributes of ÓIL_TANKERS (e.g., Countries_in_ 
which_inspected), COUNTRIES (e.g., Tankers_inspected_here), DATES, 
and COUNTRY _INSPECTIONS (see Figure !). 

The combined use of inversion and matching allows an SDM schema to 
accommodate relative vie"'-poiilts of an association. For instance, one may view 
the ternary relationship in the above example as an inspection entity (a member 
of class COUNTRY _INSPECTIONS), or as a collection of a !tributes of the 
entities that participate in the association. Similarly, a binary relationship defined 
as a pair of inverse attribut.es could also be viewed as an association entity, with 
matching used to relate that entity to the relevant attributes of the associated 
entities [30). · 
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COUNTRY INSPECTIONS 

Tonker 
inspected 

lnspect ions 

Country 

Tot1kers 
inspected here 

365 

Fig. l. Multiple perspectives en the "Country lnspections" association. Circles denote classes and 
are Iabeled with das.<; nanws. Arrows denote member attributes,labeled by hame, with the anowhead 
pointing to the atlribute's value clnss. For brevity, on1y sorne of the possibie attributes are named (as 

would be the case in many rea1 SDM schemata). 

2.4.1.1 Member Attribute Derivations. -As described .above, inversion and · 
matching are mechanisms for establishing the equivalenc~ of different ways of 
viewing the same essential relationships among entities. SDM also provides the 
ability to define· an attribute whose value is calculated from other information in 
the database. Such an attribute is called derived, and the specification of ita 

. computation is its associated deril~alion. 
The approach we take to defining derived attributes is to provide 8 small 

vocabulary of high-level attribute derivation primitivas that directly model the 
most 'common types of derived information. Each of these primitives provides 8 
W8)' of specifying one method of computing 8 derived 8tt':Íbute. More general 
facilities are available for describing 8ttributes that do not match any of these 

. cases: A complex derived 8ttribute is defined by first describing other 8ttributes 
that are used as building blocks in ita definition and then applying one of the 
primitivas to these building blocks. For example, 8ttribute,Superiors of OFFI­
·cERS is defined by a derivation primitive applied to attrib.;teCommander, and 
in turn, attribute Contacta is defined by a derivation prirnitive applied to Superiors 
and Subordinates. This procedure can be repeated for: the building block 
attributes themselves, so that arbitrarily complex attribute derivations can be 
developed. 

2.4.1.2 Mappings. Befure discussing the member attribute derivation prim­
itivas, it is importan! to present the concept of mapping. A mapping is a 
concatenation of attribute names that allows a user to directly reference the "alue 
of an attribute of an attribute. A mapping is written, in general, as a sequence of 
attribute names separated by quotation marks. For example, consider the map-· 
ping ''Captain.Name" for class SHIPS. The value of this mapping, for •ach 
member S of SHIPS, is the value of attribute Name of that member O of 
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OFFICERS ;that is the val u e of Capta in for S. In this case, the attributes Captain 
of SHIPS and Narne of OFFICERS are single valued; in general, this need not be 
the case .. For exarnple, consider the inapping_ for SHIPS "Engines. 
Serial_nuri¡ber." Attribute Engines is rnultivalued which rneans that "Engines. 
Serial_nurriber" rnay also be rnultivalued. This rnapping evaluates to the serial 
nurnbers of the engines of a ship. Sirnilarly, the rnapping for SHIPS 
"Captain.Superiors.Narne" evaluates to the narnes of a1l of the superiors of the 
captain of a ship. This rnapping is rnultivalued since at leas! one of the steps in 
the rnappin~ involves a rnultivalued attribute. The value of a rnapping "X. Y.Z," 
where X, Y,1 and Z are rnultivalued attributes, is the class cont.aining each value 
of Z that corresponds to a value of Y for sorne value of X. 

2.4.1.3 Member Derivation Primitives. The ·following pnrntttves are pro­
vided to express the derivation of the val u e of a rncrnber attribute; here, attribute 
A, of rnernber M, of class e, is being defined in terms of the relationship of M, to 
other information in the data base. 

(1) A, can be defined as an ordering attribute. In this case, the value of A, 
denotes the sequential position of M, in e, when e, is ordered liy one or more 
other specified (single-valued) ·member attributes (or mappings) of e,. Or­
dering is by increasing or decreasing value (the default is increasing). For 
exarnple, the attribute Seniority of OFF!CERS has the derivation "order by 
Date_commissioned." The OFFICER with the earliest date commissioned 
will then have Seniority value of l. Ordering within groups is also possible: 
"order by A, within A," specifies that the value of A, is the sequential 
position of M, within the group of entities that ha ve the same value of A:, as 
M,, as ordered by the val u e of A,. (A, and A, may be mappings as well as 
attributes.) For example, attribute Order_for_t.anker of INSPECTIONS 
has the derivation "order by decreasing Date within Tanker," which orders 
the inspections for each tanker. The value class of an ordering attribute is 
INTEGERS. 

(2) The val u~ of attribute A, can be declared to be a Boolean val u e that is "yes" 
(true) i{M, is a member of sorne other specified class e,, and "no" (false) 
otherwisk. Thus, the value class of this existen ce attribute is YES/NO. For 
exarnple.' attribyte Is_t.anker_banned? of class 011_ TANKERS has the 
derivation "ifin BANNED_SHIPS." 

(3) The value of attribute A, can be defined as the result of combining- a1l the 
entities obt.ained by recursively tracing the val u es of sorne attribute A 2 • For 
instance, attribute Superiors of OFFICERS has the derivation "all levels of 
values· of Comrnander"; the value of the attribute includes the immediate 
comrnander of the officer, his commander's superiors, and so on. Note that 
the value class of Cornrnander is OFFlCERS; this rnust be true for this kind 
of recursive attribute derivation to be rneaningful. It is also possible to specify 
a maximurn nurnber oflevels over which to repeat the recursion, namely, "up 
toN levels" where N is an integer constan!; this would be useful, for example, 
to relate an·officer to his subordinates and their subordinates .. 

(4) When a grouping class is defined, the derived rnultivalued member attribute 
eontents. is auiomatically established. The value of this attribute is the 
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collection of rnernbers (of the class underlying the grouping) that forrn the 
contents of that rnernber. For exarnple, each rnernber of the grouping class 
SHIP _ TYPES has as the value ofits Content.s attribute the class of all ships 
of the type in question. , 

(5) The value of a mernber attribute can be specified to be derived frorn and · 
equal to the val u e of sorne other attribute or rnapping. For instance, attribute 
Date_last_exarnined of OIL_ TANKERS has the derivation "sarne as 
Last_inspection.Date." (Note that this, in effect, introduces a rnernber 
attribute as shorthand for a rnapping.) 

(6) Attribute A, can be defined as a subvalue attribute of sorne other (rnultival­
ued) rnernber attribute or rnapping (A,). The value of A, is specified as 
consisting of a subclass of the value of A, ·that satisfies sorne specified 
pr~dicate. For exarnple, attribute Last_two_inspections of class 
OIL_ TANKERS· is defined as "subvalue of lnspections where 
Oider_for_tanker :S 2." 

(7) The value of a rnernber attribute can be specified as the intersection, union, 
or difference of two other (multivalued) rnernber attributes or rnappings. For , 
exarnple, attribute Contact.s of OFFICERS has the definition "where is in · 
Superiors or. is in Subordinates," indicating that it.s value consist.s óf ari · . 
officer's superiors and subordinates. 

(8) A rnernber attribute derivation can specify that the value of the attribute is 
given by an arithrnetic expression that in vol ves the val u es of other rnernber. • 
attributes or rnappings. The involved attributes/mappings rnust have nurneric 
values, that is, they rnust have value classes that are (eventual) subclasses of 
NUMBERS. The arithrnetic operators allowed are addition ("+" ), subtrac­
tion ("-"), rnultiplication ("•"), division ("/"), and exponentiation ("!"). 
For exarnple, attribute Top_speed_in_rniles_per_hour of OIL_ 
TANKERS has the derivation "= Absolute_top_s¡ieed/Ll" (to convert 
frorn knot.s). 

(9) Th~ operators "maximum," "rninimum," "average," and "sum" can be applied 
-toa rnernber attribute or rnapping that is rnultivalued; the value class of the 
attributes involved rnust be an (eventual) subclass of NUMBERS. The . 
maximum, mínimum, average, or sum is taken over the collection of entities 
that comprise the current value of the attribute or rnapping. 

(10) A mernber attribute can be defined to have it.s value equal to the nurnber of 
rnernbers in a rnultivalued attribute or mapping. For example, attribute 
Number_of_instances of SHIP _TYPES has the derivation "nurnber of. 
members in Contents." "Nurnber of unique rnernbers" is used' sirnilarly. 
"Number of members" and "nurnber of unique members" differ only when 
duplicates are present in the multivalued attribute involved. 

2.4.1.4 The Definition o[ Member Attributes. We now specify how these . 
derivafion mechanisrns for derived attributes may be applied. The following rules 
are for'rnulated in arder to allow the use of derivations while avoiding the danger .. 
of inconsistent attribute specifications. · 

(1) Every attribute may or rnay not have an inverse; if it does, the inverse must 
be defined consistently with the attribute. · 

(2) Every member attribute A, satisfies one of the following cases. 
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(a) 

(b) 

(e) 

M. Hammer and D. Mcleod 

A 1 ha~ exaetly one derivation. In this case, the value A, is.completely 
specit\ed by the derivation. The inverse of A, (cal! itA,), if it exists, may 
not ha ve a derivation ora matching specifícation. 
A 1 has exactly one matching specifícation. In this case, the value of A, is 
compietely specifíed by its relationships with an entity (or entitjes) to 
which it is matched (namely, member(s) of sorne class C). The inverse of 
A 1 (call it A2 ), if it exists, may not have a derivation. It can have a 
matching specifícation, ·but this must match A, to C in a manner consist-
en! with the matching specifícation of A,. 
A 1 has neither a matching specifícation nora derivation. In this case, it 
may be the case that the inverse of A, (cal! it A,) has a matching 
specifícation ora derivation; if so, then one of the abo ve two cases ((a) or 
(b)) applies. Otherwise, A 1 and A 2 fonn a pair ofprimitive values that are · 
defíned in terms of one another, but which are independent of all other 
information in the database. 

With regard to updating the dat.abase, we note that in case (e). a user can 
explicitly provide a val u e for A, or for A, (and thereby est.ablish val u es for 
both of them). In cases (a) and (b), neither A 1 nor A 2 can be directly modifíed; 
their values are changed by modifying other parts of the data base. 

2.4.2 Class Attribute lnterre/ationships. At.tribut.e derivation primitives anal­
ogous to primitives (5)-(10) for member attributes can be used to define derived 
class attributes, as these primitives derive attribute values from those of other 
attributes. Of course, instead of deriving the value of a member attribute from 
tire value of other member attributes, the class littribute primitives will derive 
the value of a class attribute from the value of other class attributes. In addition, 
there are twd other primitives that can be used in the defínition of derived class 
attributes. 

(1) An attrib!,Ite can be defíned so that its value equals the number of members 
in the cláss it modifíes. For example, attribute Number of JNSPECTIONS 
has the derivation "number of members in this class." 

(~~) An attribute can be defíned whose value is a funclion of a numeric member 
attribute of a class; the functions supported are Hmaximum," 11IDinimum," 
"average," and '·'sum" taken over a n1ember attribute. The computation of 
the function is made over the members of the class. For example, the class 
áttribute 1 Total_spilled of OIL_SPILLS has the derivation "sum of 
Amount_:_spilled over members of this class." 

2.4.3 Attribute Predica tes for Subcloss De(illition. As stated earlier, a subclass 
can be defínqd by means of n predicate on the member attributes of its paren! 
class. Having described the specifics of attributes, it is now possible lo detail the 
permissible f~·pes of attrilmte predicates. In particular, an attribute predicate is 
e simple predica te or a Boolean combination of simple predica tes; the operators 
used to form' such a BooJean curnbination are "anJ," "or," and "not." A simple 
predica te has one of the following fonns: 

(1) MAPPING SCALAR_COMPARATOR CONSTANT; 
(2) MAPPING SCALAR_COMPARATOR MAPPING; 
(a) MAPPING SET_COMPARATOR CONSTANT; 
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(4) MAPPING SET COMPARATOR CLASS NAME; 
(5) MAPPING SET-COMPARATOR MAPPING. . 

1 -

Here, MAPPING is any mapping (including an attribut~ na~e as a special case); 
SCALAR-"COMPARATOR is one of u=," "vi:," .. >,"";:::,"~~~," and us"; CON· 
STANT is a string or number constant; SET_COMPARATOR is one of: "is 
contairied in/' "is properly contained in," "contains," and ••properly contains"; 
CLASS NAME is the name of sorne class defined in the schema. For illustration, 
an ex.lmple of each of these five forms is provided below along with an indication 
of its ímeaning; the frrst two predicates define subclasses of class OFFICERS, 
while ~he third, fourth, and fifth apply to class SHIPS: ' · . . 

' (1) Country~of_license = 'Panama' (officers licensed in Panama); 
(2) éo.mmander.Date_commissioned > Date_commissioned (officers commis­

sioned befare their commander); 
(3) Cargo_types contains 'oil' (ships that can carry oil); 
(4) Captain is contained in DANGEROUS~CAPTAINS (ships whose captain 

in,the class containing officers that are bad risks); 
(5) éáptain.Country_ of_license is cont.ained in Captain.Superior. 

Cóuntry ~of_license (ships commanded by an officer who has a superior 
licensed in the same country as he). 

2.4.4 Attribute Jnheritance. As noted earlier, it may often be the case that an 
entity in ar\ SDM database belongs to more than one class. SDM classes can and 
frequenÍly do share members, for example, a member of OIL_ TANKERS is also 
a mérr\ber of SHIPS; a member of OIL_SPILLS is also in INCIDENTS. As a 
member of á class C, a given entity E has values for each member attribute 
associated with C. But in addition, when viewed as a member C, E ínay have 
additio~al attribi.Jtes that are not directly associated with C, but rather are 
iñherit,ed from other classes. For example, since ail oil tankers are ships, each 
member T of the class OIL_ TANKERS inherits the member attributes of 
SHIPS .. In additlon to the attributes Hull_type, ls_tanker_banned, lnspec­
tiollS, N umber _ of ~times_ inspected, Last _ inspection, Last _ two _ inspec­
tiollS, bate Jast examined, and Oil spills involved in, '-•hich are explicitly 
a.Ssódátéd -with-OIL TANKERS:- T also has the attributes N ame, 
Hull=humbér, Type, -;te.; these are not mentioned in the definition of 
OÍL. T ANKERS but are inherited from SHIPS (a superclass of 
OIL:=TANKERS). :The villue of each inherited attribute of tanker T is sirnply 
the valtle of that attribute of T when it is viewed as a member of SHIPS; the very 
s!i.mé s~ip éntity that belongs to OIL_TANKERS belongs also to SHIPS, so 
that the valile of each such inherited attribute is well defined. 

. 1 

Thé following specific rules of attribute inheritance are applied in SDM. 

Ui A clas8 S that is an attribute-defined subclass of a class U, or a user­
cor\trolláble subclass óf U, inherits ail of the member attributes of U. For 

) - - -

éxamplé, since RURITANIAN OIL . TANKERS is an attribute-defined ,_ - - -
su~cláss of OIL_TANKERS, RURITANIAN~OIL~TANKERS inherits 
aii .óf the mernber attributes of OIL TANKERS; in .tum, members of 
OÍfe_ TANKERS inherit all of the rnember attributes of SHIPS. 

Cláss áttribl!tes describe properties of a dass taken as a whole ánd so are 
·, 

'• ¡ 
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nol inherited by an attribute-detined or user-controllable subclass. In order 
for an att!-ibute to be inherited from class U by class S, both its meaning and 
its value inust be the same for U and S. This is not true in general for class 
attributes~. Although a subclass may ha ve a similar class attribute to one 
detined for its paren t. class, for example, Number _ of_members, their val u es 
wiU in general not be equal. 

(2) A class S detined as an intersection subclass of classes U, and U, inherits all 
of the member attributes of U, and aJI of the member attributes of U2 • For 
exarnple, the class BANNED_OIL_TANKERS, detined as containing aJ] 

mernbers . of SHIP that are in both BANNED_SHIPS and 
OIL_ TANKERS, inherit.s all attribut.es ofBANNED _SHIPS as well as aJI 
of the attributes of OIL_TANKERS. This follows sine€ each rnember of 
BANNED_OIL_TANKERS is both an oil tanker anda banned ship and 
so must h~ve the attributes ofboth. Note that since BANNED_SHIPS and 
OIL_ TANKEHS are themselves detined as subclasses, they rnay inherit 
attributes from their parent classes which are in turn inherit.ed by 
BANNED OIL~ TANKERS. 

(3) A class S defined as the union of classes U1 and U2 inherits aJI of the rnern­
ber al tributes shared by U, and U,. For exarnple, the class 
SHIPS TO_BE_MONITORED inherits the member attributes shared 
by BANNED_SHIPS and OIL_TANKERS_REQUIRING_INSPEC­
TION (which turn out to be aJI of the rnember attributes of SHIPS). 

(4) A subclass S delined as the difference of classes, namely, consisting of aJI of 
the ~ernbérs in a class U that are not in class U,, inherits all of the member 
attributes of U. This ca•e is similar to (1 ), sin ce S is a subclass of- U. 

'fhese inherltance rules determine t.he attributes assoriated with classes that 
are -defined in terms of interclass connections. These rules need not be explicitly 
apjJ!ied by the SDI\1 user; t.he_v are an integral part of SDM and are automatically 
applied wherever appropriate. 

·2.4.4.1 Further eonstraining an Inherited !tfember Attribute. An importan! 
constraint rnay be placed on inherited attributes in an SDM schema. This 
constraint requires that the value of an attribute A inherited from class e, by 

. cla.s e, be a rnember of a class e, (e, is a subclass of the value class of A). To 
.spr.cify such a constraint, the name of the inherited attribute is repeated in the 
·detinition of the rnember attributes of the subclass, and its constrained value 
class is specitied. For exarnple, attribute Cargo_ types is inherited by MER­
CHANT SHIPS from SHIPS; its repetition in the detinition of 
MERCHANT-'--SH!PS indicates that the val u e class of Cargo_ types for MER­
CHANT SH!PS is restricted lo MERCHANT CARGO TYPE N AMES. 
Values ofattribute Cargo_t:r1>es of SHIPS mu;( satisfy this constraint. If the 
value being inlierited does not sat.isfy this constraint, then the attribute's value 
is null. 

2.5 Duplicates and Null Values 

·As specitied above, an SDM class is either a set ora multiset: It may or rnay not 
coi]tain duplica tes. lf a class has unique identitiers, then it obviously cannot ha ve 
duplicates. If unique identifiers are not present, then the default is that duplica tes 
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are allowed. However, a class can be explicitly defined with "duplicates not 
allowed:" Duplicates may also ·be present in attribute values, since attribute 
derivation specifications and mappings can yield duplicates. 1 

In po¡nt of fact, the existence or nonexistence of duplica tesis only of importan ce 
wben considering the number of members in a class or the size of a multivahied 
attribute.On most occasions, the user need not be concerned with whether or not 
duplica,tes are present. Consequently, the only SDM primitives that are affected 
by duplica tes are those that concern the number of members in a class and the 
size of 'an attribute. The SDM interclass connections and attribute derivation 
primiti~es are defincd so as to propagate duplicates in an intuitive manner. For 
example, attribute-defined and user-controllable subclasses contain duplica tes if 
and only if their parent class contains duplica tes; and, if the class underlying a 
grouping has duplica tes, the contents of the groups will similarly contain dupli; 
cates. Further details of this approach to handling duplicates are provided in [27]. 

As stated above, any attribute not defined as "mandatory" may ha ve "mill" as 
its value. While. the treatment of null values is not a simple issue, we state that 

·. for the :purposes here null is treated just like any other data value. A detailed 
discussion of null value handling is beyond the scope of this paper (see [14) for 
su eh a discussion). 

2:6 SDM Data Definition Language 
' . 

As noted above, this paper provides a specific database definition language 
(DDL) for SDM. The foregoing description of SDM did not rely on a specific 
DDL syntax altliough the discussion proceeded through numerous examples 
expressed in a particular sample DDL syntax. Many forms of DDL syntax could 
be used to describe SDM scbemas, and we ha ve selected one of them in order to 

. make the specification of SDM precise. 
The syntax of SDM DDL is presented in Appendix B,- expressed in Backus­

Naur Form style. The particular conventions used are described at the beginning 
of App~ndix B. For the most part, the syntax description is self-explanatory; 
however, the follo~ing points are worthy of note. 

(1) Sy~tactic categories are capitalized (with no interspersed spaces, but possibly 
. inc!uding ".- "s). All lowercase strings are in the language itself, except those 

enc.losed in "• "s; the latter are descriptions of syntactic categories whose 
details are óbvious. 

(2) lndentation is an essential part of the SDM DDL syntax. In Appendix B, the 
first leve! of indentation is used for presentation, while all others indicate 
indentation in the syntax itself. For example, MEMBER....:.A TTRIBUTES is 
defined as consisting of "member attributes," followed by a group of one or 

'more member attribute items (placed vertically below "member attributes") . 
. (3) Mímy rules that constrain the set of legal SDM schemata are not included in 

the syntax shown in the figure. For example, in SDM, the rule that attributes 
of different applicability (member attributes and class attributes) must not 
be mixed is not included in the syntax, as its incorporation therein would be . . 

..too cumbersome. A similar statement can be made for the rules that arith· 
·:i·Jbetic expr,essions must be computed on attrÜJUtes whose values are numbers, 
·:'that a con;;·mon underlying class must exist for classes defined by multiset 
·•operator if!terclass connections, and so forth. 

' . 
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2.7 Operalions on an SDM Database 
' 

An important part of any data base model is the set of operations that can be 
performed on it. The operations defined for SDM allow a user to derive infor­
mation from a database, to update a database (adding new information to it or 
coirecting information in it), and to include new. structural information in it 
(change an SDM schema) [27). Note that operations to derive information from 
an SDM scher_na are closely related to SDM primitivas for describing derived 
information (e,g., nonbase classes and derived attributes). There is a vocabulary 
of basic SDM: operations that are application environment independent and 
predefined. The set of pennissible operations is designed to permit only seman­
tically meaningful manipulntions of an SDM dat.abase. User-defined operations 
can be constructed using the primitivas. A detailed specification of the SDM 
opérations is b'eyond the scope of this paper. 

3. DISCUSSION 

In this paper, we have presentad the major features of SDM, a high-level data 
modeling mechanism. The goal of SDM is to provide the designer and user of a 
data base with ~ formalism whereby a substantial portion ofthe semantic structure 
of the application environment can be clearly and precisely expressed. Contem­
porary database models do not support such direct conceptual modeling, for a 
number of reasons that are summarized ahove and explored in greater detail in 
[22). In brief, these conventional database models are too oriented toward 
computer data structures to allow for the natural expression of application . 
semantics. SDM, on the other hand, is based on the high-level concepts of 
entities, attributes, and classes. 

In several ways, SDM is analogous toa number of recent proposals in database 
modeling, including [1, 3, 5, 9, 14, 31, 33, 34, 39-41, 43, 46]. Where SDM principally 
differs fiom these is in the extent of the structure of the application domain that 
it can capture and in its emphasis on relativism, flexibility, and redundancy. An 
SDM schema does more than just describe the kinds of objects that are captured 
in the data base; it allows for substantial amounts of structural information that 
specifies how the entities nnd their classes are related to one another. Further­
more, it is a ~ndamental premise of SDM that a semantic schema for a database 
should directly support multiple ways of viewing the same information, since 
different users inevitably will have differing slantS on the database and even a 
single user's perspechve will evolve over time. Consequently, redundant infor­
mation (in the form of non base classes and derived attributes) plays an irnport.ant 
role in an SDM schema, and provides the principal mechanism for expressing 
rnulliple versions of the same information. 

3.1 The Design of SDM 

In the design of SDM, we have sought to provide a higher leve! and richer 
modeling language than that of conventional data base models, without developing 
a large and complex facility containing a great many features (as exemplified by 
sorne of the knowledge representation and world modeling systems developed by 
the artificial intelligence community, e.g., [35, 51)). We have sought neither 
absolute minimality, with a small number of mutually orthogonal constructs, nor 

' 
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a profusion of special case facilities lo precisely model each slightly different type 
of application. There is a significan! trade-off between the complexity of a 
modeling facility and its power, naturalness, and precision. u:a· data base model 
contains a large number of features, then it' willlikely be difficult to learn and to 
apply; however, it will ha ve the potential of realizing schemata that are very 
sharp and precise models of their application domains. On the other hand, a 
model ~ith a fairly minimal set of features will be easier to learn and employ, but 
a sche~a constructed with it will capture less of the particular characteristics of 
its appÜcation. . · ' 

We have sought a middle road between these two extremes, with a relatively 
small_number of basic features, augmented by a set of special fea tu res that are 
particular! y use fu! in a large number of instan ces. We adhere to the principie of 
the well-known "80-20" rule; in this context, this rule would suggest that 80 

Percent of the modeling cases can be handled with 20 percent of the total number 
1 . • 

of special features that would be required by a fully detailed modeling formalism. 
Thus, .; user of SDM should find that the application constructs that he most 
frequently encounters are directly provided by SDM, whil~ he will have to 
represent the less common ones by means of more generic features. To this end, 
we have included such special facilities as the inverse and matching mechanisms 
for attribute derivation, but have not, for example, sought to taxonomize entity 
types more fully (since to do so in a meaningful and useful ~ay would greatly 
expand the size andcomplexity of SDM). We have also avoided the introduction 
of a huge number of attribute derivation primitives, limiting ourselves to the ones 
that should be of most critical importance. For example, there does not exist a 
derivatiim primitive for class attributes to determine what percentage the mem-. 
bers of the class constitute of another class. Such special cases would be most 
usefully.handled by means of a general-purpose computational mechanism. 

SDM' as presented in this paper is neither complete nor finaL SDM as a whole 
is open to any number of extensions. The most significan! omission in this paper 
is that of the operations that can be applied to an SDM data base: the data base 
manipulation facility associated with the database definition facility presented 
here. Such a presentation would be too lengthy for this paper and can be found 
in [27J)n brief, however, the design of SDM is strongly based on the duality 
principie betw~en schema and procedure, as developed in [21]. From this per­
spective, any query against the database can be seeri as a reference to a particular 
virtual data item; whether that item can easily be accessed in the database, or 
whether it can only be located by means of the application of a number of 
datab..;e manipulation operations, depends on what information has been in­
cluded in the schema by the database designer. Frequently retrieved data items 
would most likely be present in the schema, often as deriveél data, while less 
commonly requested information would have to be dynamically computed. In 

' both cases, hówever, the same sets of primitives should be employed to describe 
the data item(s) in question, since dynamic data retrieval and static definitions of 
derived,data are fundamentally equivalen!, differing only in the·occasions of their 
binding, Thus•the SDM database manipulation facility strongly resembles the 
facilities described above for computing nonbase classes and derived attributes. 
Among other beneficia] consequences, this duality allows for a natural evolution 
of the semantic sche111a to reflect changing patterns of use and access: As certain 
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kinds of requests become more common, they can be incorporated as derived 
data into the ~cherna and thereby greatly simplify their retrieval. 

3.2 Extensions 
! 

Numerous extensions can be made to SDM as pn!sented here. These include 
extending SDM by means of additional general facilities, as well as tailoring 
special versio~ of it (by adding application 'environment specific facilities). For 
example, as it currently is defined, derived data is continuously updated so as· 
always to be consisten! with the primitive data from which it is computed. 
Alternative, less dynamic modes of computation could be provided, so that in 
sorne cases derived data might representa snapshot of sorne other aspect of the 
database at a :certain time. Similarly, a richer set of attribute inheritance rules, 
possibly undei user control, might be provided to enable more complex relation­
ships between' classes and their subclasses. In the other direction, a current 
investigation is being conducted with the goal of simplifying SDM and accom­
modating more relativism [30]. Further, an attempt is currently under way to 
construct a version of SDM that contains primitives especially relevan! to the 
office environment (such as documents, events, and organization hierarchies), to 
facilita te the natural modeling and description of office structures and procedures. 

3.3 Applications 

We envision a -variety of potential uses and applications for SDM. As described 
in this paper, SDM is simply an abstrae! database modeling mechanism and 
language that is not dependen! on any supporting computer system. One set of 
applications uses SDM in precisely this mode to support the process of defining 
and designing .a data base as well as in facilitating its subsequent evolution. lt is 
well known that the process of logical database design, wherein the database 
administrator (DBA) must construct a schema using the database modél of the 
database man~gement system (DBMS) to be employed, is a difficult and error­
prone procedure [JO, 30, 31, 37, 38, 42, 44, 50]. A primary reason for this difficulty 
is the distance between the semantic leve! of the application and the data 
structures of the data base model; the DBA must bridge this gap in a single step, 
simu)taneously conducting an information requirements analysis and expressing 
the results of his analysis in terms of the data base model. What is lacking is a 
formalism in which to express the information content of the database in a way 
thnt is independent of the details of the database model associated with the 
underlying DSMS. SDM can be used as a higher-level database model in which 
thc DBA desc;ibes the data base prior to designing a logical schema for it. There 
are a number óf advantages to using the SDM in this way. 

' ' 
(!) An SDM ~cherna· will serve as a specification of the information that the 

database ~ill contain. All too often, only the most vague and amorphous 
' English language descriptions of a data base exist prior to the database design 

process. A formal specification can more accurately, completely, and consist­
ently communicate to the actual designer the prescribed contents of the 
database. SDM provides sorne structure for the logical database design 
process. The DBA can first seek to describe the database in high-level 
semantic terms, and then reduce that schema to a more conventional logical 
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design. By decomposing the design problem in this way, its difficulty as a 
whole can be reduced. 

(2) SDM supports a basic methodology that can guide. the DBA in the design 
process by providing him with a set of natural design templa tes. That is, the 

. DBA can approach the application in question with the intent of identifying 
its Classes, subclasses, and so on. Having done so, he can select representations 
fof these constructs in a routine, if not algorithmic, fashion. 

(3). SDM provides an effective base for accommodating the evolution of the 
content structure, and use of a database. Relativism, logical redundancy, and 
de_rived information support this natural evolution of schemata . 

. A réiated use of SDM.is as a medium for documenting a data base. One of the 
more serious problems facing a novice user of a large data base is determining the 
inforn)ation content of the database and locating in the schema the information 
of useito him. An SDM schema for a data base can serve as a readable description 
of its contents, organized in terms that a u ser is likely to be able to comprehend · 
and identify. A cross-index of the schema would amount to a semantic data 
dictionary, identifying the principal features of the application environment and 
cataloging their relationships. Such specitications and documentation would also 
be independent of the DBMS being employed to actually manage the data, and 
so could be of particular use in the context of DBMS selection or of a conversion 
from one DBMS to another. An example of the use of SDM for specitication and 

· documentation is [15]. · 
. On imother plane are a number of applications that require that SDM schema 

for a ·:database ·be processed and utilized by a co.:Oputer system. One · such 
application would be to employ SDM as the conceptual schema database model 
for a DBMS within the three-schema architecture of the ANSI/SPARC pro posa! 
[2]. Iri such a system, the conceptual acherna is a represent.átion of the funda­
mental semantics of the data base. The externa! views of the data (those employed 
by prc?grammers and end-users) are defmed in terms of it, while a mapping from 
it to ¡lhysical file structures establishes the database's internal schema (storage 
and r~presentation). Because of its high leve) and supp.ort for multiple views, 

' SDM lcould be effectively employed in this role. Once occup)~ng such a central 
position in the DBMS, the SDM schema could also be used to support any 
number of"intelligent" data base applications that depend on a rich understanding 
of the semantics of the data in question. For example, an SDM schema could 
drive Ítn automatic semaptic integrity checker, which would examine incoming 
data and test its plausibility and likelihood of error in the context of a semantic 
model' of the data base. A number of such systems ha ve been proposed [16, 19, 20, 
45], b\¡t they are generally based on the use .of expressions in the first-order 
prediqate calculus that are added toa relational schema. This approach introduces 
a nur!Jber of problems, ranging from the efficiency of the checking to the 
modujarity and reliability of the resulting model. By directly capturing the 

· semarytics in the schema rather than in sorne external mechanism, SDM might 
more directly support such data checking. Another "semantics-based" application 
to which SDM has been applied is an interactive system that assists a naive user, 
unfamiliar with the inforrnation content of the database, in formulating a query 

. agains.t it [28]. 
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It might even be desirable to employ SDM as the dalabase model in terms of 
which all daLabase users see the daLabase. This would enLail building an SDM 
DBMS. Of course, a high-level daLabase model raises serious problems of effi­
ciency of reptesenLation and processing. However, it can also result in easier and 
more effective use of the daLa which may in t.he aggregate dominate the perform­
ance issues. Furthermore, SDM can be additionally extended to be more than 
just a database model; it can serve as the foundation for a toLa) integrated 
database prógramming language in which both the facilities for accessing a 
database and those for computing with the dala so accessed are combined in a 
coherent and' consistent fashion [ 18]. And, SDM can pro vide a basis for describing 
and structuring logically decentralized and physically distributed daLabase sys-

' tcms [22, 29]. 

APPENDIX A. AN SDM SCHEMA FOR THE TANKER MONITORING 
APPLICATION ENVIRONMENT 

.. · SHIPS 
description: alJ .ships with potentially hazardous cargoes that 

may ente~ U.S. coastal waters 
member attributes: 

N ame 
value class: SHIP _N AMES 

Hull number 
value class: HULL_NUMBERS 
may not be null 
not chaOgeable 

Type ' 
description: the kind of ship, for example, merchant or fishing 
value class: SHIP TYPE N AMES 

Country _:of _ registry -
value clli.ss: COUNTRIES 
inverse: Ships registered here 

Name_of;_ho~_port -
val u e class: PORT N AMES 

Cargo_ types -
description: the type(s) of cargo thE' ship can carry 
value cl~ss: CARGO TYPE N AMES 
multivalued - -

Captain i 
description: the cunent captain of the ship 
value class: OFriCERS 
match: Officer of ASSIGNMENTS on Ship 

Engines · 
value class: ENGINES 
multivalued with size between O and 10 
exhausts value class 
no overlap in values 

Incidents involved in 
value class: INCIDENTS 
inverse: 'lnvolved_ship 
multivalued 

identifiers: 
1 

Name , 
Hull nuiiJher 
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JNSPECTIONS 
description: inspections of oil tankers 
member attributes: 

Tanker 
description: the t.anker inspected 
vhlue class: OIL TANKERS ·. 
inverse: Inspections · 

Date 
vhlue class: DATES 

Order for t.anker 

Database Description with SDM 377 

descriptiM: the ordering of the inspections for a tanker 
: with the niost recent inspection having value 1 

value class: !NTEGERS 
derivation: arder by decreasing Date within Tanker 

c)ass attributes: 
Number 

description: the n~mber of inspections in the database 
value class: INTEGERS . 
d~rivation: number of members in this class 

identifiers: 
. Tanker + Da te 

COUNTRIES 
description: countries o{ registrv for ships 
member attributes: · 

Nam·e 
value class: COUNTRY_NAMES 

Ships_registered_here 
value class: SHIPS 
in Verse: Coun~ry _of_registry 
multivalued 

identifiers: 
N ame 

OFFICERS 
descrip~ion: all certified officers of ships 
member attributes: · 

N ame 
value class: PERSON.. N AMES 

Country of license -
value class:COUNTRIES 

Date' commissioned 
val u e class: DA TES 

SeniÓrity · 
value class: INTEGERS 
derivation: arder by Date commissioned 

· Comrnander -
description: the officer in direct command of this officer 
value class: OFFICERS 

Superiors · 
. value class: OFFICERS 
deTivation:.alllevels of values of Comrnander 
inv'erse: Subordinates 
multivalued 

Subordina tes 
value class: OFFICERS 
inverse: Superiors 
multivalued 
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Contácts 
value class: OFFICERS 
derivation: where Lii in Superiors or is in Subordina tes 

identificrs: 
N ame 

ENGJNES 
descrij>tion: ship engines 
membe'r attributes: 

Seria] number 
valu-; class: ENG!NE_SERIAL_NUMBERS 

· Kind of erigine 
. vahie class:ENGINE TYPE_NAMES 

identifiers: 
Scrial_number 

JNCJDENTS 
description: accidents Ín\'olving ships 
memher attributes: 

lnvolved_ship 
value class: SHIPS 
inverse: lncidents involved in 

Date 
val u e class: DA TES 

Description 
description: textual explanation of the accident 
value class: JNCJDENT _DESCRIPTIONS 

lnvolved _ captain 
value class: OFFICERS 

identifiers: 
Involved_ship +Date+ Descrip'tion 

ASSIGNMENTS 
description: assignment.s of captains t-o ships 
member attributes: 

Offtcer 
value class: OFFICERS 

Ship 
value class: SHIPS 

identifiers: 
Offtcer + Ship ~ 

OJL TANKERS 
description: oil-carrying ships 
interclass connection: subclass of SHIPS where Cargo_ types 

c01itains 'oil' ·: 
member attributes: 

Hull_type 
description: specification of single or double hull 
value class: HULL TYPE N AMES 

ls tanker banned? -
value class: YES/NO 
derivation: if in BANNED SHJPS 

Inspections -
value class: JNSPECTJONS 
inverse: Tanker 
multivalued 

Number _ of _times_ inspected 
value class: INTEGERS 
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' derivation: number of unique members in lnspections 
Last _ inspection 

value class: MOST RECENT INSPECTIONS 
inverse: Tanker - -

Last._ two _inspections 
value class: INSPECTIONS 
d!!rivatíon: subvalue of inspections where 
, Order for tanker :S 2 

n\ultivalued -
Date! last examined 

value class: DATES 
dei-ivation: sarfle as Last inspection.Date 

Oil;jspills_involved_in-
value class: INCIDENTS 
derivation: subvalue of Incidents involved_in 

where is in OIL SPILLS -
multivalued -

dass attributes: 
Absolute _ top _legal_ speed 

value class: KNOTS 
Top . legal speed in miles per hour 

value cla;¡;;: MILES PER HOUR 
derivation: = Absolute_top_legal_speed/1.1 

RURITANIAN SHIPS 
interclass connection: subclass of SHIPS where 

Cout1try.Name = 'Ruritania' 
RURITANIAN OIL TANKERS 

interclB.ss connectio~subclas!' of OIL_ TANKERS where 
Couritry.Name = ·'Ruritania~ 

"MERCHANT SHIPS 
intercl~ss connection: subclass of SHIPS where Type = 'merchant' 
member attributes: · 

Cargo_types 
val u e class: MERCHANT _CARGO_ TYPE_ N AMES 

OIL SPILLS 
interclass connection: subélass of INCIDENTS where 

Descfiption = 'oil spill' 
membe'r attributes: 

Amoúnt_spilled 
value class: GALLONS 

SeveÍity . 
detivation: = Amount_spilled/100,000 

class attributes: · 
Total spilled 

val.ue class: GALLONS 
derivation: sum of Amount_spilled over mE::nbers of this clasS' 

MOST RECENT INSPECTIONS 
interclass connection: subclass of INSPECTION~; where 

Order for tanker = 1 
DANGEROUS-CAPTAINS 

descripÜon: captains who ha ve been involved in an accident 
interclass connection: subclass·of OFFICERS whei'e is a value of Involved_captain of 

"JNCIDENTS 
BANNED SHIPS 

descripti'illt: ·ships banned from U.S. coB.stal waters 
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'· 
interclass connection: subclass of SHIPS where specified 
me'mher attributes: · 

Date banned 
yalue class: DATES 

OIL_ TANKERS_REQUIRJNG_JNSPECTJON , 
interclass connection: subclass of OIL TANKERS where specified 

' -BANNED OIL TANKERS 
inteiclasSconné'Ction: subclass of SHIPS where 

is in BANNED_SHIPS and is in OIL_ TANKERS 

SAFE' SHIPS 
description: ships that are considered good risks 
interclass connection: subclass of SHJPS where is not in BANNED_SHIPS 

SHIPS TO BE MONITORED 
de~cription:Ship~ tha t are considered bad risks 
interclass connection: subclass of SHIPS where is in BANNED SHIPS 

or is in Oii.._ TANKERS_REQUJRING_INSPECTION -
SHIP J TYPES 

desc:ription: types of ships 
interdass connection: grouping of SHIPS on common value of Type 

gioUps defmed as classes are MERCHANT _SHIPS 
member attributes: 

l~st8nces 
description: the instan ces of·the type of ship 
value class: SHIPS 
derivation: same as Contenta 
multivalued 

Number_of_ships_of_this_type 
value class: INTEGERS 
derivation: number of members"in Contents 

CARGO TYPE GROUPS 
intfrdass connection: grouping of SHIPS on common value o! 

<=:argo_ types . 
TYPES OF HAZARDOUS SHIPS 

intercla..c;s cOnnection: grouping of SHIPS consisting of classes 
BANNED SHIPS, BANNED · OIL TANKERS, 
SHIPS_TO_BE_MONITORED -

.CONVOYS 
interclass connection: grouping of SHIPS as specified 
member attributes: 

Óil tanker constituents 
descriptlo;< the oil t.ankers that are in the convoy (if any) 
value class: SHIPS 
derivation: subvalue of Contents where is in OJL TANKERS 
multivalued -

CARGO TYPE NAMES 
description: thetypes of cargo 
interclass connection: subclass of STRINGS 

MERCHANT CARGO TYPE NAMES 
interclass connection: subclass ofCARGO TYPE N AMES 

,where specified - -

COUNTRY NAMES 
interclassconnection: subclass of STRINGS where specified 

ENGINE SERIAL NUMBERS 
interclass connection: subclass of STRINGS where fonnat is 
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"H" 
nui:nber where integer and 2:1 and :S999 
"-" ' 
number where integer and ~O and !S999999 

DATES ; 
description: calendar dates in the range "1/1/75" to "12/31/79" ; 
·interclass connection: subclass of STRINGS where formal is ' · 

month: number where ~1 añd :Sl2 
"/!' 
day: number where integer and ~1 aild :S31 
"/". 
ye!lr: number ~h~re integer and 2::1970 and ::s2000 
wliere (if (month = 4 or = 5 or = 9 or = 11) then day :S30) 

and (if month = 2 then da y :s29) 
ordering by year, month, day 

ENGINE TYPE NAMES 
interclaSS connection: subclass of STRINGS where specified 

GALLO NS 
interclass connection: subclass of STRINGS where formal is 

number where integer 
HULL NUMBERS 

interclass connection: subclass of STRINGS where formal is 
number where integer 

HULL TYPE NAMES 
· description: single or double . 

interclass connection: subclass of STRINGS wheré specified 
JNCIDENT DESCRIPTJONS 

descriptioñ:" textu~ description of an accident 
interclass connection: subclass of STRINGS 

KNOTS . 
interclass connection: subclass of STRINGS where formal is 

number whefe integer 
MILES PER HOUR 

inteiclass co~ection: subclass of STRINGS where fonnat is 
number where integer 

PORT NAMES 
interclass connection: subclass of STRINGS 

PERSON NAMES 
inte~class connection: subclass of STRINGS 

SHJP NAMES 
inte~class connection: subclass of STRII:JGS 

SHIP ': TYPE N AMES 
description: the names of the ship types, for example, rnerchant 
interclass connection: subclass of STRINGS where specified 

.. 

APPENDIX B. SYNTAX OF THE SDM DATA DEFINITION 
LANGUAGE . 

The following list is given to clarify and define sorne of the items and terms used 
in this appendix. 

(1) The left side of a production is separated from the right by a "..,.." 
(2) The first leve! of indentation in the syntax descripfion is used to help separa te 

th"e left and right sides of a production; all other indentation is in the SDM 
data definition language. 
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· (3) Syntaclic categories are capitalized while all Jiterals are in Jowercase. 
(4) { ) means optional. · 
(ó) [ ] means one of the enclosed choices musl appear; ~hoices are separated by 

a";" (when used with "{ }" one ofthe choices may optionally appear). 
(6) ( ) means cine or more of the enclosed can appear, separated by spaces with 

optional c'ommas and an optional "and" at the end. . ' 
(7) ( ( ) ) means one or more of the enclosed can appear, vertically appended. 
(8) • • encl¿ses a "mete" -description of a syntactic category (to informally 

expl~init). 

SCHEMA-; 
((CLASS)); 

CLASS- : 
(CLASS NAME) 

{descriptibn: CLASS_DESCRIPTION) 
((BASE_ CLASS _FEA TU RES; JNTERCLASS _ CONNECTION]) 
{MEMBER_A TTRIBUTES] 
{CLASS_ATTRIBUTES] 

CLASS NAME-
•string of capitals possibly including special characters• 

CLASS_DESCRIPTION-
•string• 

HASE CLASS FEATURES-
{[duplicates allowed; duplica tes not allowed]) 
{ ( ( IDENTIFIERS))] 

IDENTIFIERS-
[ATTRIBUTE_NAME; ATTRIBUTE_NAME + IDENTIFIERS] 

MEMBER_ATTRIBUTES-
member attributes: 

( (MEMBER_ATTRIBUTE)) 
CLASS ATTRIBUTES-

class attributes: 
((CLASS_ATTRIBUTE)) 

INTERCLASS CONNECTION -
[SUBCLASS; GROUPING_CLASS] 

SUBCLASS-
subclass ofCLASS_NAME where SUBCLASS_PREDICATE 

GROUPING¡-
[groupmg of CLASS_NAME on common value of <ATTRIBUTE NAME) 

(groups defined as classes are (CLASS NAMEl ); 
grouping of CLASS_NAME consisting ofclasses <CLASS_NAME); 
grouping o[ CLASS_NAME as specified] 

SUBCLASS: PREDICA TE­
[ATTRIBUTE PREDICATE; 
specified; - · 
is in CLASS NAME and is in CLASS NAME; 
is not in CLASS NAME; -
is in CLASS NAME or is in CLASS NAME; 
is a value 0f ATTRIBUTE NAME OfCLASS NAME; 
formal is FORMAT] - -

ATTRIBUTE PREDICA TE-
[SIMPLE' PREDICATE; (ATTRIBUTE PREDICA TE); 
not ATTRIBUTE_PREDICATE; -

ACM Transacti~n11 on Dat..abase Syslems, Vol. 6, No. 3, September 1981. 
• 

1 



-.- ...... . 

1 ,, . 

•. 

:¡· ,. ... 
• . ¡'' 

1 ,j ¡ 

·. -

Oatabase Description with SDM 
; ; 
1 . 

·. -ATTRIBUTE PREDICA TE and ATTRIBUTE PREDICA TE; 
A'l;TRIBUTE=PREDICAT.E or ATTRIBUTE_PREDICATE) 

SIMPLE PREDICA TE+-
[MAPPING SCALAR_COMPARATOR [CONSTANT; MAPPJNG]; 

363. 

MAPPING SET . COMPARATOR [CONSTANT; CLASS NAME; MAPPJNG)) 
MAPPiNG +- - -

[ATTRIBUTE_NAME; MAPPING.ATTRIBUTE_NAME] 
SCALAR COMPARATOR +-

[EQYAL_COMPARATOR; >; <!:; <; :s) 
EQUAL COMPARATOR +-

[-; .. ) 
SET COMPARATOR ..... 

[is {properly) contained in; {properly) contains) 
CONSTANT+-

•a string or num_ber constant• 
FORMAT+-

•a na~e class definitiOn pattern• 
(see [26)) 

MEMBJ<;R ATTRIBUTE +-
(ATIRIBUTE NAME) 

{A TTRIBUTE_DESCRIPTION) 
value class:CLASS_NAME 1 {inverse:ATTRIBUTE_NAME) 
{[match:ATTRIBUTE NAME ofCLASS NAME on ATTRIBUTE NAME); 

·derivation:MEMBER_A TTRIBUTE_DERIVA TJON)) -
{single valued; multivalued {with size between CONSTANT anc:I.CONSTANT)) 
{may no! be null) ' 

·{no! changeable) 
{ exhausts value class) 

·' (no overlap in values) 
CLASS ATTRIBUTE ...... 

<ATTRJBUTE NAME) 
{ATTRIBUTE_:DESCRJPTJON) 
''alue class:CLASS NAME 
derivation:CLASS A TTRIBUTE _DERIVA TION)) 
{single valued; multivalued {with size between CONSTANT and CONSTANT)) 

· {may not be null) 
{not .changeable}. 

ATTRIBUTE NAME +-
•string of lo;;;¡,rcase letters beginning with a capital and possibly 
including special characters• 

ATTRIBUTE DESCRIPTION +-
"~string•'' 

MEMBER ATTRIBUTE DERIVATION ..... 
[JNTERATTRJBUTE_DERIVATION; 
MEMB~R-SPECJFJC _DERIVA TI O N] 

CLASS ATTRIBUTE DERIVATION +­
[INTERATTRJBUTE DERIVATION; 
CLASS-SPECIFIC DERIVA TION) 

JNTERATIRJBUTE- DERIVATION ..... 
[same as MAPPING; 
subvalue of MAPPING where [is in CLASS_NAME; ATTRIBUTE_PREDICATE); 
where [is in MAPPING and is in MAPPING; is in MAPPING ór is in MAPPING; 
is in MAPPJNG_ and is not in MAPPING]; 
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= MAPPJNG EXPRESSION; 
[maximum; minimum; average; sum] of MAPPING; 
numbei of {unique) members in MAPPJNG] 

MEMBER-SPECJFIC DERIVATION ,_ 
[order by [increasing;decreasing] (MAPPJNG) 
{within <MAPPINGJ); 
ifin CLASS NAME; 
[up to CONSTANT; all]levels ofvalues of ATTRIBUTE_NAME; 
contents] 

CLASS-SPECIFIC DERIVATION <­
[riumber o( {unique) members in this class; 
[maximum; minimum; average; sum] of ATTRIBUTE_NAME over 
.members of this class] · 

MAPPING EXPRESSION ,_ 
[MAPP!Np; (MAPPINGJ; MAPPING NUMBER_OPERATOR MAPPING] 

NUMBER OPERA TOR ,_ 
( +; -; •; /;': !] 
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Umitations of Record-Based 
lnformation Models 

WILLIAM KENT 
IBM Corporation 

Record structures are generally efficient, familiar, and easy to use for most current data processing 
applications. But they are not complete in their ability to represent infonnation, nor are they fully 
se!f-describing. 

Key Words and Phrases: records, infom'lation model, data model, semantic model, conceptual model, 
normalization, first normal form. entities, relationships 
CH Categories: 3. 70, 4.33, 4.34 

INTRODUCTION 

Records provide an excellent too! for processing information that fits a certain 
pattern. Other kinds of information do not fit as well into record structures. In a1J 
cases, the use of record structures depends on supplementary information, often 
reflected only in the special:purpose application programs written to process the 
data, and which may or may not still be remembered by the users of the data. 
Record structures do not provide the semantically self-describing base rieeded for · 
conceptual schemas [2, 3, 21], or for generalized query processors or other end­
user facilities. 

In their capacity as data processing tools, records ha ve a desirable versatility. 
That is, a given construct (e.g., field names, or compound field.,j can be used for 
different p.,;poses at different times. Unfortunately this virtue becomes a vice for 

· semantic modeling: one has to know the special usage of each construct in each 
case, and there is no general rule for deducing the underlying semantic structure. 
While sorne information cannot be represented in records, other information can 
be represented in so many ways as to become ambiguous. 

Models which provide additional file structure around the records (e.g., se­
quencing, hierarchies, CODASYL networks) overcome sorne of the functional 
limitations. None of them overcome all the lirnitations. Furthermore, by building 
on top of record structures, they retain all the underlying ambiguities. In sorne 
cases, they simply add more options for representing something which could 
already be represented in severa! ways in record structure. 

This paper would be pointless if there were not any altematives, but there are. 
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There are various;models which are essentially graph structured, based on such 
primitíve concepts as binary relations, or entities and relationships. Such models 
tend to be more functíonally complete in their information processing capability, 
and more precise in their semantic modelíng. (We are not arguing their economic 
superiority to rec~rd structures for bulk data processing in today•s applícations.) 
A number of these are listed in the concluding section of this paper. We do not 
try to explain or. defend these models. Our main purpose is to ·collect sorne 
problerns concerning record structures (many of which have already been mene 
tioned in the literature), as a resource to help defend alternative models. Never- . 
theless, much of the discussion is cast in terms of entities and relationships. The 
motivation for this paper originated in attempt.s to reconcile record structures 
with the characteristics of entities and relationships. 

''R.ECORD" DEFINED 

By record we me~n here a fixed sequence of field values, conforming to a static 
description usually contained in catalogs and/or in programs. The description 
consista inainly Óf a name, length, and data type for each field. Each such 
description defines one record type (or, in relational tenns, a "relation" ór 
"table"). M y remarks apply to .any data model based on this kind of construct. 
This clearly includes the traditional hierarchical, relational, and (CODASYL) 
network models. (For íntroductions to these models, see [7, 9-13, 42, 43).) It also 
includes approaches mentioned in [2] and [18], to the extent that they speak of 
such things as "conceptual records." (It should be noted that such constructs are 

. not mentioned in 13).) The comment.s also apply to the entity-relationship model 
of [8], which is really driven by record structures (relations) rather than by 
entities and relationshíps as the prímitive concept (his Leve! 1 constructs appear 
to be constrained'to match his Level2 information structure). · 

Sorne record ·ro'rmats allow a certain variability by permitting a named field or 
woup of fields to .'occur more than once within a record (i.e., as a list of val u es or 
sets ofvalues). We wi11 use the term normalized system to refer to systerns which 
do not permit repeating groups or fields. This follows the relational model, whích 
excludes such rej:>etitions vía its normalization requirements (specifically, first 
normal form [9, 20)). . 

1 . 
BASIC ASSUMPTIONS BEHIND RECORD STRUCTURES 

Record structure¡ presumes a horizontal and vertical homogeneity in data: hori­
zontally, each re~ord of a given type conUÍins the same fields; and vertically, a 
given field contams the same "kind" of information in each record. 

Homogeneity of Relevant Facts 

The records of a given type in a file describe a set of things in the real world (e.g., 
employees). Record structure fits best :.vhen the entire population has the same 
kinds of attributes (e.g., every employee has a name, address, department, salary, 
etc.). While exceptions are tolerated, the essential configuration is that of a 
homogeneous population of records, all having the same fields. 

Although commercíal data processing naturally foc~ses on areas wliich fit this 
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pattern, the pattern does not always hold. In many cases, although a certain 
group of individuals constitutes a single "kind" of thing. there is considerable 
variation in the facts relevant to each individual in that set. 

Consider clothing. While we can agree that pants, socks, ·underwear, and hats 
are all items of clothing, it would be very hard to define a conventional "clothing" 
record type. There are many field names which are relevant; not many of them 
apply 'to any one kind of clothing. Consider: size, waist size, neck size, sleeve 
length: long or short sleeves, cup size, inseam length, bÜtton or zipper, sex, fabric 
type, lieel size, width, color, pattern, pieces, season, number, coiJar·style, cuffs, 
neckline, sleeve style, weight, flared, belt, waterproof, formal or casual, age, 

1 . . 
pockets, sport, washable, etc. How would you design the record format for 
clothing records? 

CloÚúng is by no means the only such category. Tools, furniture, ve hieles, and 
people are justa few other categories having inhomogeneous attributes over their 
populations. 

'I;he more that information deviates from the norm of homogeneity, the less 
appropriate is the record configuration. There are certain techniques for accom­
modating variability among instances in a record structure, but these need to be 
used sparingly. If there is considerable variation over a population, then the 
solutions become cumbersome and inefficient. Such solutions include: 

(1) Define the record format to include' the union. of all relevant fields, where 
not all the fields are expected to have values in every record. (Often "maiden 
name" is defined as part of a record format for all employees, though it is 
only relevant to married females.) Thus many records might ha ve null values 
in mahy fields. · Furthermore, the limited relevance is not defined to the 
system; it is only the pattern of usage (and, sometimes, validation logic in 
prograrns) which reflects the limitation. 

(2) Al!ow the same field to have different meanings in different records. Unfor­
tunately, such a practice is never defined to the system. With respect to any 
processing done by the system, that field appears to ha ve the same signifi­
cance in every record occurrence. It certainly has only one field name, which 
int these cases usually turns out to be something totally uninformative, like 
CODE or FIELD l. It is only the buried logic in application prograrns which 
~ows the sigrúficance of these fields, and the diffetent meanings they have 
in,different records. 

Such·inhomogeneity is especially vexing if it affects an attribute wé would like 
' to use as an identifier. If it does not apply to all individuals in the set, then it 

cannot be used as a "key" for the record type. This situation is fairly common. 
The employees of a multinational corporation might not all have social security 
numbers, or employee numbers. Sorne books do not ha ve "International Standard 
Book Numbers" (ISBN), others do not ha ve Library of Congress numbers, and 
sorne have neither. Library of Congress numbers are also given to things which 
are not books (e.g., films and recordings); those would not have ISBN's. Oil 
companies have their individual conventions for naming their OW\1 oil wells, and 
the American Petroleum Institute has also assigned "standard" names to sorne 
wells-but not all. · 
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The function needed here is equivalent to "self-naming" fields, i.e., redefining 
the concept of record to mean a chain of relevant field names and their val u es. 

Homogeneity Wit~in Fact Typ·e 

That was a kind l of "horizontal" homogeneity, i.e., each record containing the 
same fields. There is also 8 "vertical" homogeneity assumed. Within 8 record 
type, a given field is expected to contain the same kind of value in every record, 
as though a certain kind of f8ct always involved the same kinds of objects. 

Again, this is not always true. Suppose that company cars can be assigned 
either to employees or to departments. If employees are normally identified by 
six numeric digits and· departments by four alphanumeric charac.ters, how do we 
design 8 "vehicle assignillent" record? Assignment is a simple fact, to which one 
might naively expect to be able to address a simple inquiry: "to whom · is car 97 
assigned?" In suéh a case, we might like 8 two-part answer: the type of the 

' assignee (employee or department), plus the identification of the individual 
assignee (in a formal which depended on the assignee type). 

We could design a record formal with four fields: vehicle number, assignee 
type, employee, and department. The second field would tell us the assignee type, 
and he~ce whether to look for the assignee name in the third or fourth field. We 
assume, of course, that only one of the last two fields is filled in-but there is not 
likely to be any system facility to enforce that. Thus the multifield format 
introduces a data integrity hazard. And, as far as the record definitions convey 
any meaning to the system, we have here three independent facts about vehicles, 
with no interdependence among the three. The data structure bears little resem­
blance to the semantic structure of the underlying relationships. (We have, 
incidentally, created a horizontal inhomogeneity. The employee field is relevant 
for sorne vehicles; and the department field for others. They are never both 
relevant for the same vehicle.) 

If, la ter on, cars can be assigned to other kinds of things with different identifier 
formats (e.g., to divisions, or to branch offices) then the record formats have. to 
be redesigned with additional fields for the new assignee types. The validation 
gets more complicated: only one of the last n fields may contain a value. And the 
file may have to be physically reloaded for each formal change. 

Another approach is to pro,~de distinct record types, one for each type of · 
assignee. The fields in one record type would be vehicle number and employee, 
in another they would be vehicle number and department, and so on. Each record 
type has its own name; instead of "vehicle assignment" being a single kind of fact, -
we have many ·kinds: "vehicle-employee assignments," "vehicle-department as­
signments," etc. (One is required to believe that employees and departments 
cannot have the same relationships "ith vehicles. A relationship between an 
employee and a vehicle is necessarily "different" from a relationship between 8 
department and a· vehide.) Instead of going to one record type (or naming one 
relatio~ship) to fi~d the assignment of a vehicle, one now has to know how mimy 
such record types- there are-and their names-and be prepared to interroga te 
each one of them. It is even worse if yo u are interested in sorne other information 
about the vehicle, not its assignment. That information might be in 8ny one of 
the record types. V alidation is still a problem: there is no system facility to keep 
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the same vehicle from appearing in more than one record type (i.e., having rriore 
than one assignee). Extensions are difficult, too: every new assignee type requires 
the introduction of another record type. And changing a vehicle's assignmen.t is 
cumbersome, if the assignee type is also changing; a record of one type has to be 
deleted and a record of another type iitserted. 

Neither multifield records nor multiple record types offer a good solution to 
the vertical inhomogeneity problem. These approaches look even worse if there 
is inhomogeneity on both sides of the relationship. Suppose that instead of vehicle 
assignments, we were recording more general equipment assignments. Assignable 
equipment ~ight include vehicles, furniture, tools, etc., each potentially having 
its own identifier format.S. If there are m kinds of assignable equipment and n 
kinds of assignees, then the multifield approach requires m + n + 2 fields (two 
type fields), with only four fields containing val u es in any one record. The 
multiple record type approach would require m x n record types. 

Still another solution to vertical inhomogeneity_ is to make it disappear. One 
way is to relax the field definition to a leve! that is general enough to handle all 
necessary identifier formats; a varying character string would do the job. Vehicle 
assignment records are then reduced to two fields again, where the second field 
might contain employee nurnbers, departmeilt codes, or the identifiers for any 
other kinds of assignees. Only users (and the code in their prograrns) know which 

· is which, and what todo with them. The system is unable to furnish ser.;ces such 
as syntax checking of the field values, or following a path to the corresponding 
employee or department record (by matching. key values, as in the relational 
join), or verifying that a referenced employee or departm(mt does, in fact, exist. 

This solution also fails if things in different categories might accidentally have 
the same identifiers (e.g., in the general equipment assignments, if a vehicle 
registration number might happen to be the same as a too] inventory number). 
Which points out that the vertical inhomogeneity problem is·not sirnply a record 
format problem. Even if the record formats are compatible (e.g., employees and 
departments both having four-character codes), one has to guard against different 
entity types occurring in the same field if they might have the same identifiers. 

But on the other hand, we do not have to have multiple entity types to 
encounter vertical inhomogeneity. ldentifier formats can vary e ven váthin a single 
entity type. Employee numbers might differ in various subsidiaries of a corpora· 
tion, or within a multinational corporation. Ship registry formats differ according 
to the country of registry. Oil companies ha ve different formats for identifying 
their oil weUs. The soldiers in a United Nations military group are likely to ha ve 
different kinds of serial numbers. And so on. 

There is still another way to force the disappearance ofvertical inhomogeneity. 
One can provide a uniform reference to all the entities involved by aggregating 
them into one "supertype" and giving them a new arbitrary identifier, e.g., an 
"assignee number." (Analogous to such familiar constructs as "taxpayer identifi­
cation number," or "capital equipment inventory number.") This permits assign­
ees to be reference'd uniquely and carefully in the assignment records, with a well­
defined and checkable identifier forma t. Unfortunately, all ofthe entities involved 
have now acquired a new and additional identifier for which values have to be 
assigned, and by which they have to be recognized in various contexts. And, in 
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sorne cases-a readable name (perhaps the department name). is replaced by an 
unintelligible code number, which has to be looked up somewhere else. 

What could such kn identifier represent? In a record structure, it.should be the 
key of a record type, i.e., an "assignee" record type. But if we also wanted to ha ve 
employees and de¡:)artments representad in distinct record types, we have a 
conflict. The type of a record is either "department" or "assignee"; it cannot be 
both. ! 

Still another drawback of this "supertype" approach is that it has to be 
reapplied for each different kind of multitype fact (Le., potentially for each case 
of vertical inhomogeneity). Entities get aggregated one way for equipment as­
signment records, another wáy to keep !rack of who manufactures what, another 
way for who ow¡¡s what, another way as "employers" (which might be people, 
compan\es, schools, governrnent agencies,. foreign organizations, etc.), perhaps 
still another way as ;•taxpayers," and so on. Each of these is potential grounds for 
another supertype, with its owri identifier scheme. This touches on the problem 
of multiple types fÓr an individual, which we will get -to la ter; the immediate 
concem is that an · individual might beco me attached to a great many serial 
numbers, potentially one for each aggregation to which it belonged. 

Vertical inhomogeneity can introduce still another record formatting problem. 
The identifiers involved may differ in more than just length and character set 
(e.g., numeric vs. alphabetic). There may be differences in "structure," e.g., if 
qualified naming is involved. Consider a company in which the name of a 
department is unique "~thin its diVision, but not necessarily within the company 
as a whole. Then corporate records would ha ve to refer to a department using 
two fields: a department name plus a di,;sion name (serving as a qualifier for the 
department). At this point, it is not at all clear how many fields there are in a 
corporate vehicle akignment record. If assigned to an employee, there are two: 
vehicle number and! employee number. When the assignee is a department, there 
are three fields: vehicle number, department name, and di,;sion name. (If we had 
to describe this relátionship in terms of the relational model, we might ha ve to 
cal! it a relation of degree two and a half, on the average.) 

To net it al! out, the record structure is not well suited to information exhibiting 
"vertical inhomogeneity." The function required here is equivalen! to allo"~ng a 
single fact (field) to include both a type and value, where the syntax and structure 
of the val u e depended on the type. 

PRESUMPTIONS U.NDERLYING TRADITIONAL IMPLEMENTATIONS 

Although not intrinsic to the record structure, a number of features charact<irize 
most traditional irnplementations of record processing systems. These include 
such things as the s~p;,.ation of descriptions and data, minimal requirements for 
descriptions, and resistance to changing descriptions .. 

Descriptions Are Not lnformation 

lnformation is obtained from a record structure by extracting the val u es of fields, 
and it is only field values which supply information. One can answer the question 
"who manages the 'Accounting department?" by finding a certain field which 
contains the manager's name. But it is not likely that the file can provide an 
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answer to "how is Henry Jones related to the Accounting departrnent?" There 
are no fields in the file containing such entries as 11is assigned to," "was assigned 
to," "on loan to/' ''nianages/' "audits/' "handles personnel matters for," etc. 
Depending on how the records are organized, the answer gen·erally consists of a 
field narne or a record type narne, which are not contained in the records. To a 
naive seeker of inforrnation frorn the database (e.g., via a high-level query 
interface), it is not at a11 obvious why one question rnay be asked and the other 
rnay not. 

It is not just that he cannot get an answer; the interfaces do not pro,ide any 
way to frarne the question. The data rnanagernent systerns do not provide a way 
to ask such questions whose answers are field narnes or record type narnes. 

Then consider the following questions: 

(1) How rnany ernployees are there in thé Accounting departrnent? 
(2). What is the average nurnber of ernployees per departrnent? 
(3) Whát is the rnaxirnum number of employees currently in any department? 
(4) What is the maximurn number of employees perrnitted in any department? 
(5) How many more employees can be hired into the Accounting department? 

If the maxirnum number of ernployees perrnitted is fu:ed by corporate policy, 
then a system offering advanced validation capabilities is likely to place that 
number into a constraint in a database description, outside the database itself. 
Our naive seeker of facts will then again find himself unable to ask the last two 
questions. He might well observe that other things having the effect of rules or 
constraints are acce5sible frorn the database, such as sales quotas, departmental 
budgets, head counts, safety standards, etc. The only difference, which does not 
matter much to him, is that sorne such limits are in tended to be enforced by the 
system, while others are not. lt is not at a11 obvious to him why he can ask sorne 
questions and not others. 

This suggests that we should represent such descriptions and constraints in the 
sarne forrnat-and in the sarne database-as "ordinary" information, but with 
the added characteristic that they are intended to be executed and enforced by 
the data processing system. 

There is, of course, an inherent difference between descriptions and other data, 
with respect to update characteristics. Changes to descriptions imply differences 
in the system's behavior, ranging from changes in validation procedures to 
physical file reorganizations implied by forrnat changes. Thus the system has to 

. be aware of, and control, changes to descriptions. But such descriptions need not 
be inherently different for retrieval purposes. And even with respect to update, 
the method need not be iriherently different a5 perceived by users. It is only 
necessary that -the authorization to. do so be carefully controlled, and that the 
consequences be propagated mto the systém. There. is already a precedent for 
such update controls: many implementations forbid the modification of key fields 
of records. · 

Sorne Descriptions Are Not Needed 

While su eh things as field names and record types can be factored out of the data 
[32], they do not always wind up in the catalogs (record descriptions) either. 
Sometimes they do not appear anywhere in the data management system at all. 
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Catalogs are maintained primarily for the benefit of the system, not for users, 
and tend to contain only such information as is needed for the performance of 
system services. Quite often, only key fields are described, for which the system 
~ay provide such services as indexing, ordering, and uniqueness ·checking. Other 
fields might only be described in the declarations local to the various application 
programs, with no assurance that such descriptions are consistent with each 
other. 

One of the majar contributions of the relational model is to treat al! fields in a 
record as constructs requiring description to the data management system. 

Field N ames Are Only. Place Holders 

When provided at al!, field names are used by record management systems only 
to designate sorne space within a record. This suffices for the system to provide 
its services, such as matching keys or sequencing. And, certainly, one name is 
adequate for this purpose. But for information modeling, we may want to attach 
severa! la beis to a field, indicating perhaps the kind of entity which may occur 
there (e.g., "date") and its relationship to the subject of the record- its reason 
for occurring in the record (e.g., "termination"). 

In practice, therehas been no discipline in the usage of field names. Sometimes 
they name the entity type, sometimes the relationship, sometimes a hybrid ofthe 
two ("termination-date"), sometimes an identifier type ("social security num­
ber"), and sometimes nothing intelligible ("code 1," "field x"). And even when 
they do name entity types or relationships, field names are just mnemonic aids to 
human users, rather than anything which can be used by a system service to 
esta blish semantic connections. If the field na me specifies the entity type, it is 
not Iikely to be the same as the corresponding record type name (while a record 
type might be named "dept'rec," the corresponding field in an employee record 
might be named "deptno"). The same entity type might be spelled differently in 
different field names ("dept," "deptnum," "deptno," etc.). And nothing prevents 
the same field name from meaning entirely different things in different records. 

The relational model does improve on this situation by providing for both 
"selector" (column) names and "domain" names, but there is still relatively little 
discipline imposed. Domain names often specify identifier types rather than 
entity types [19]. Thus "social security number" and "employee number" are 
likely to be specified as the domains of two fields, giving no clue that the same 
entity might be named in both places. Even if the domain name identified an 
entity type, it might or might not be the same name as the record type iepre­
senting those entities. And domain names give no clue when one entity type is a 
subset of another; unequal domains appear to be disjoint. 

Sorne implementations of the relational model do not incorpora te the domain 
construct at al!. 

Stability o! Relevan! Facts 

Another implication of record formats, and of the file plus ca talog configura tion, 
is that the kinds of facts relevant to an entity are predefined and are expected to 
remain quite stable. It generally takes a majar effort to add fields to records. 

While this may be acceptable and desirable in many cases, there are situations 
ACM Transactions on Dat.abase Systems, Vol. 4, No. 1, March 1979. 

/ 

1 



/ 

/. 

_;;.>"' 
~-;::/ 

1 

.>---· 
/ ., 
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where all sorts of unanticipated information needs to be recorded, and a more 
f•exible data structure is needed. 
· The need to record information of unanticipated meaning or format is crudely 

reflected in ~Jrovisioils for "comments" fields or records. These consist of unfor­
matted text in which system facilities can do little more than search for occur­
rences of w:·rds. Thus ironically, we have the two extremes of rigidly structured 
and totP}'y unstructured information-but very little in between. 

CO~:dELATJON WITH JNFORMATION CONCEPTS 

1~'or information modeling purposes, one has to account for such concepts as 
entities:and entity types, relationships and attributes, and narning. These are 
discussed in the following sections. 

ENTITIES ANO TYPES 

There is a natural inclination to identify entities with records, since a record has 
the sense of being an integral object. It is an elementary unit of creation and 
destruction, as well as of data transmission, and records are classified into types 
just as entities are. Such 8 correspondence between entities and records would be 
enormously simplifying, giving us information modeling as a free by-product of 
data management technology. 

Arguments against such 8 modeling approach are hampered by the ]8ck of a 
good operational definition of the term- "entity." But we can suggest sorne 
difficulties in reconciling record structures with certain "intuitively obvious" 
characteristics of entities: Thereafter we can either conclude that records ha ve 
limited value for information modeling, or else adjust our intuitions about entities 
in order to get a better fit with record concepts. 

The questions which might be asked to test the hypothesis that records 
represent entities are: How well do their characteristics match? Is there a 1:1 
correspondence between them? 

A Record Does Not Have All the Facts 

Many facts have the form of a relationship between two entities (e.g., a depart­
ment and an employee). Although it concerns both entities, such a fact is not 
likely tÓ be replicated in the records representing both entities. At most, it will 
usually .be included in the record of only one of the entities involved. 

Quite often the fact wil.l not occur in the record corresponding to either one. If 
the fact"is a many-to-many relationship, such as employees and their skil.ls, then 
normalized record systerns do not permit the necessary repeating field to occur in 
either the employee record or the skill record. N ormalized systerns constrain a 
record to be a collection of single-valued facts. If a class has one instructor, then 
that can be mentioned in the class record, but not if there might be several 
instructors. 

Thus: a record cannot be characterized as. containing "a]] the facts" about an 
entity. : 

Entities Are Not Always Single-Typed 

If we intend to use a record to represent a real world entity, there is sorne 
difficulty in equating record types with entity types. lt seems reasonable to view 
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a certain person as a single entity (for whorn we rnight wish to have a single 
record in an integrated database). But such an entity rnight be an instance of 
several entity types, such as person, ernployee, dependent, custorner, stockholder, 
taxpayer, parent, instructor, student, marnrnal, physicel object, property 
(slaves?), etc. it is ·difficult, within the current record processing technologies, to 
define a record type corresponding to each of these, and then perrnit a single 
record to sirnultaneously be an occurrence of several of the record types. 

Note that we are not dealing With a simple nesting of types and subtypes: all 
ernployees are people, but sorne custorners and stockholders are no t. N or are 
subtypes rnutually exclusive: sorne people are ernployees, sorne are stockholders, 
and sorne are both. 

In order to¡fit comfortably into a record-based discipline, we need to perceive 
entity types as though they did not overlap. We should perhaps think of customers. 
and employees as always distinct entities, sometimes related by an "is the same 
person" relationship. But we then have to .make arbitrary decisions about the 
placernent of comrnon inforrnation such as addresses and birthdates. Further­
more, one has to be very careful about the number of entities being rnodeled. lf 
an employee is a stockholder, there will be two records for him; is he two entities? 
lf a comrnittee has five employees and five stockholders, how big is the commit-
tee? . 

(Bachman and Da ya [ 4] and Srnith and Srnith [ 40] pro pose rnodels in which 
multiple records can represent the multiple types, or roles, of an entity.) 

Type ls Not Always Homogeneous 

Even "~thin a single type, there may be facts and narning. conventions which ·are 
relevant to sorne occurrences and not others. These points were covered in the 
earlier discussion of horizontal hornogeneity. 

Entities Without Records 

Most of the things rnentioned in a database do not ha ve any distinct records to 
represent thern. These are the things we treat as attributes of other things, such 
as salaries, colors, birthdates, birthplaces, employers, spouses, addresses, etc. 
(While such things rnay be rnentioned in rnultiple records, 1 do not ·think we cari 
say they are "representad" by ·any one record.) Unfortunately, apart from the · 
listing of examples, it is difficult to identify precise criteria for deciding whether 
something is an entity, and whether it is to be represented by a record: 

In a norrnalized systern, an entity might also fail to be represented by a single 
record if there did not happen to be any single-valued inforrnation about the 
entity. Suppose one had in rnind to treat projects as entities, but all the infor­
rnation to be maintained about thern turned out to be multivalued (in relational 
terrns, we find no functional dependences on projects). That is, our projects can 
have multiple managers, multiple objectives, multiple start and stop dates, 
rnultiple budgets, and so on. Each such fact needs to be maintained in a distinct 
intersection record, and there rnight be no motivation to define a single record 
type or relation to represent the projects thernselves. One would have record 
types (relations) called 'jproject-manager," "project-objective," "project-dates," 
and so on, but none called sirnply "project." 
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Entities With Many Records 

We might have too many records. As mentioned earlier, a common solution to 
the problem of overlapping types (e.g., employees and stockbolders) is to define 
them as disjoint types, and allowing an entity (person) to be represented by a 
record in each type. 

The •;•generalization" approach of Smith and Smith [ 40] yields multiple records 
per entity; it is not clear that any one of them could be said to "represent" the 
entity. The approach of Bachman and Daya [ 4] is similar in this respect, but they 
do postula te one underlying record (never materialized) per entity . 

• Moré generally, there is no discipline preventing the definition ofseveral record 
types corresponding to one entity type. That is, we could have severa! record 
types defmed over the same key, with each record type containing different 
attributes of the subject entity. One might be tempted to do this for economic 
reasons, e.g., to group together attributes which tend to be accessed together, or 
to physically segrega te rarely used data. Regardless of the motivation, such a 
configuration is permitted in all record-based systeins. Thus non e of these systems 
really has a well-defined semantic establishing a 1:1 correspondence between 
entities and records. 

Records Without Entities 

Normalized systems require many-to-many facts to be represented in distinct 
record types of their own (so-called intersection records). Employee-skill records 
are a good example. What entity does one of these records represent? Not the 
employee, nor the skill. If it represents anything at all, the record represents the 
relationship between the employee and the ski!!. This might suggest the principie 
that relationships are entities, and ought in general to be represented by records. 
But ·sorne relationships are not represented by records, e.g., the relationship 
between an employee and his department. (That relationship is recorded in an 
employee record, but not represented by a distinct record of its own.) Obviously, 
it is only the many-to-many relationships which must be represented by distinct 
records (in a normalized system); are they the only ones which are entities? 
The~e are three ways to take a consisten! view of this situation: 

(1) Al! relationships are entities, and sorne records represent multiple entities 
(as the same record "represents" both an employee and his relationship to 
a department). 

(2) Relationships are not entities, and intersection records do not represent 
2ntities. . 

(3) Sorne relationships are entities and sorne are not depending on whether or 
not they !Ú'e represented by intersection records. 

lt is a matter of judgment as to whether any of these views is acceptable. 
Depending on what definitions we like, sorne intersection records might not 

even represent relationships. You might wish to consider the color of a car to be 
an attribute, and nota relationship. But if cars are multicolored, then their colors 
must be split out into separate car/color intersection records. Does the attribute 
now become a relationship? ls it an entity? What entity does the record represent? 
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If we do not care to think of such multivalued attributes as being entities in 
themselves, then we again have records which do not represen! entities. 

Records With Many Entities 

If there is a 1:1 correspondence between certain entities, then a ,;ingle record 
might be perceived as "representing" all of them. Employees and spouses provide 
an example, in a monogamous society. Since each spouse occurs in exactly one 
employee record, one could view these records as representing spouses just as 
well as employees. The perception is even more plausible if the spouses are 
uniquely identified '(as they might be, by social security number), and if they 
occurred in every record (if, perhaps, company policy required all employees to 
be married). 

Summary 

· "Entity" is not very well defined, for our purposes. To be absolutely fair, we 
should only conclude that record structures do not correspond to everyone's 
intuitions about the characteristics of entities. But it is quite difficult to establish 
a definition of "entity" which puts it in 1:1 correspondence ";th a normalized 
record, unless one starts ";th that as the definition. · 

RELATIONSHIPS 

One Concept, Many Representations 
A binary relationship is a fairly simple concept: a named link between two 
entities. But there are about a half dozen ways to implement binary relationships 
in record structures. (Schmid and Swenson [31] make a similar analysis.) 

Most ofthese ways to implement binary relationships involve pairing identifíers 
of the two entities in one record. It might be in the record representing one entity 
or the other. It might be in a separa te record (intersection record) representing 
the relationship itself. And it might be embedded in a record representing sorne 
other entity altogether (an employee record may include a relationship between 
the employee's spouse and the spouse's employer). 

These altematives correspond to severa! combinations in which the two entity 
identifíers might occur as keys in a record. One or the other m.ight be the key, or 
they might together constitute the key, or neither might be in the key. 

(Actually, there are other possibilities as well. One identifíer or the other might 
be a subset of the key, which probably viola tes third normal form. Or they might 
together constitute a subset of the key, in which case they might be part of a 
compound name-to be discussed la ter. Or they might each constitute a key for 
the record, if there was a 1:1 relationship between them.) 

In addition, a relationship might be represented indirectly, being irnplied by 
other relationships. If projects are assigned lo single departments, and if each 
cmployee works on all of his department's projects, then the way to discover if an 
employee works on a certain project is to match the department numbers in the 
employee and project records. That is, an employee's assignment toa department 
and a proje,ct's assignment to the department together imply the employee's 
working on the project. 
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In record management systems which provide file structure in 8ddition to 
record structure, even more options become 8vailable. Relationships might be 
repres'ented by file arder, or by the linkage of records into hierarchies or (CO-
DASYL) sets. . . . 

For, inform8tion modeling, the problem is what to do with this plethora of 
options [12, 26]. Why is it necessary to make such choices? What are the criteri8? 
Do the criteria have anything to do with the semantics of the information, as 
distinguished from the economics of storing or processing the data? Do al! users 
have to know which options have been chosen, 8nd to 8dapt their processing 
accordingly? 

Normalized systems reduce the number of options for one-to-many and m8ny­
to-ma'ny relationships; and generally force them to be treated differently from 
each bther. (But not necessarily; one-to-many rel8tionships can be represented in 
separa te intersection records, though they hardly ever ·are.) Sorne differences 

. force 'the information modeler to prematurely irnpose processing techniques on 
end u~ers: one-to-many rélationships can often be altered by updating field values, 
while" many-to-many relationships in intersection records can only be altered by 
deleting and inserting records. 

Relationships Are Not Described 

The various representations available for relationships are often used for other 
purposes ·as well. Thus record descriptions rarely provide clear evidence of the 
presence of relationships-neither explicitly nor irnplicitly. A record with multi­
field keys might represent a relationship, or the keys might constitute a qualified 
name for an entity. If neither field is in the key (e.g., spouse 8nd spouse's 
employer), there is no mention at al! of the relationship; the two fields appear to 
be independent facts about the employee. 

There is no regular way to reflect the name of the relationship in the fUe 
description. Sómetimes it is a record type name (intersection records), sometimes 
it is a field name (or 8 part of one), 8nd sometimes it does not occur at al! (e.g., 
irnplied relationships, or joins). When file structure is available, the relationship 
name might also be a (CODASYL) set name or, again, it might not occur 8t al! 
if represented by file order or hierarchical structure. 

And, when the relationship names do occur as field names, there is no discipline. 
There is rarely 8ny due in the field name (or even in 8 rel8tional domain name, 
if provided)' as to the record type representing the related entity. Consider 8 
generalized query processor asked to find the name of the manager of 8 certain 
department. The department record probably has 8 field n8med MANAGER 
(perhaps with 8 domain named EMPLOYEE NUMBER). What tells the proces­
sor io look into 8 record type named EMP-RECS to find the name of the 
employee whose number occurs in th8t field? 

Sometimes the field name combines the relationship 8nd the entity type 
(" assigned -dept"). 

The same field name might signify the same or different relationships in 
different records, 8nd different names might be used for the same relationship in 
different records. Since field names cannot be duplicated within 8 record, a 
relationship occurring more than once in a given record necessarily has different 
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names (in a credit application, "employer" and "spouse's-employer"· refer to 
occurrences of the same relationship). 

In a good model for relationships, one might expect sorne direct way to declare 
relationships, specifying a name and sorne characteristics, without having to 
choose among a variety of (ambiguous) represent.ational alternatives. 

Attributes 

There does not seem to be an effective way to characterize "attributes," or to 
distinguish them from relationships. lronically, the most dominan! correlate 
seems to be with record structures: if a field val u e is the key of sorne other record, 

. then it represents a relationship; otheiwise it is an attribute. This need to map 
things into recordlike terrns seems to be the main force motivating a distinction 
between attributes and relationships. If we did not ha ve a record-based imple­
mentation in mind, the distinction might go away [35]. 

NAMJNG, SYMBOLJC REFERENCE 

In a pure record structure, most facts (relationships, attributes) are represented 
by including in one record symbolic identifiers of two or more things (e.g., 
employee number · and department number, or employee nümber and salary) 
[32]. Such symbolic reference admits references to nonexistent entities (entities 
whose corresponding records áre missing). Symbolic reference forces a strong 
interaction between the conc.epts of identifier and entity- type, and encounters 
problems "~th synonyms and "~th changeable names. _ 

When simple Iabels are not conveniently available, the record model permits 
arbitrary combinations offacts to be specified as identifiers capable of distinguish­
ing among entity occurrences. This, in turn, leads to further problems, unless a 
number of constraints on the selected facts are carefully observed. Furthermore, 
in using such identifiers tó refer to entities, multiple fields serve the function of 
a single field-generating ambiguities in the structure of the information repre-
sented by the record. · 

Simple ldentifiers 

To the extent that a record represents an entity (i.e., signifies its existence), 
symbolic reference permits references to nonexistent entities. A department 
number can occur in an employee record even if no corresponding department 
record exists. At best, there might be sorne check that the field contains a 
"plausible" department name, in terms ofits syntax: the right number ofthe right 
kinds of characters. (In the proposals of Schmid and Swenson [31] and Smith 
and Smith [39] such existence dependences can be expressed and maintained.) 

V.'hen arbitrary identifiei-s are assigned, such as employee numbers, then there 
is little question of uniqueness-of identifier. But when sorne fact about the entity 
is given double duty as an identif)~ng label for that entity, one has to be quite 
careful that the fact does, in fact, uniquely determine the entity. Presidential 
elections can be identilied by the year in which they occur-provided we are 
absolutely certain there is no possible circumstance under which another presi­
dential election might be held in the same year. 

Symbolic identifiers rarely provide absolute identification of entities. At best, 
ACM Tran..c;actions on Dat..ob9S(' Syst.em.s, Vol. 4, No. 1, March 1979. 

. ' 

1 



.. 

' 

-··· 

Limitati6ns of Record-Based lnformation Models 121 

the identifiers are unique within entity type. One cannot tell which entity ¡¿ being 
referenced just by examining a field value; one has to have supplementary 
knowledge as to which entity type is involved. Nothing in the data tells us 
whether 123456789 identifies a person or a machine. Such information is almost 
never included with the data, nor with the record description. That is, a field 
description rarely specifies the entity type, or record type, whose keys will occur 
h that" field. The domain construct of the relational model provides limited 
assistance in this area, as mentioned in the earlier discussion of field names. 

In a pure record· structure (one with no pointers or other file structure 
intercoimecting the records), the only way to detecta reference to the same thing 
in severa! records is to find a match in sorne conesponding field values. (For 
example, that is the basis of the relational join.) Synonyms and aliases interfere 
with this process. At best, one could execute a chain ofpath-follo"~ng operations, 
if one knew which record types provided which synonyrn linkages. That is the 
only way to detect that, e.g., a social security number in one record referred to 
the sarhe person as an employee number in another record. 

There are often severa! kinds of identifiers by which an entity can be identified 
uniquely, such as employee numbers and social security numbers. One now has 
to know not only which entity type is being referenced in the field, but also which 
kind of identifier is being used. And one has to know which other record type to 
go to in order to "translate" one name type into the other. 

In an obvious way, the extent of an entity type affects the choice of identifier. 
Facts which are unique over a small set of entities may not be unique over a 
larger se t. 

Presidential elections in one country can be identified simply by the year of 
occurrence. But if the entity type were perceived as a larger set of elections, then 
the identification would have to include additional facts, such as the office 
(governor, mayor, etc.) and political unit involved (name of the country, state, 
city, etc.). 

In a converse way, identifiers can affect the perception of entity types. In order 
to provide record keys, it is often ne~essary to arbitrarily choose one kind of 
identifier as a "primary" identifier for an entity. Two constraints then impose 
boundaries on entity types: a key value is meaningful within exactly one record 
type, and each record of the type must contain a key value. That is, key values 

. must be in 1:1 correspondence with the set of entities represente d. and the 
tendency is to think of a set as an entity type if it conesponds to the scope of a 
unique identifier. Unfortunately, different k.inds of identifiers may ha ve overlap­
ping but unequal scopes, leading to conflicting choices of entity types. Employee 
numbers, ·social security numbers, military service numbers, etc., each identify 
different sets. of people, each leading to a different concept of the "entity type" 
involved. When identified by ISBN's, books constitute a different entity type 
from films. When identified by Library of Congress numbers, they are al! publi­
cations. Thus in general, the varying scopes of identifiers can ha ve an excessive 
and potentially confusing influence on the establishment of entity types. If names 
were•not tied so intimately to types, it might be possible to deal with types more 
naturally. 

The tight coupling between types and names forces vertical homogeneity, i.e., 
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the inability to represent facts which involve multiple entity types. The name 
forrnais are likely to be different between types; when the forrnats are the same, 
names might not be unique across types. . 

Sometimes an entity can ha ve multiple identifiers of the same kind. A person 
can have severa! social security numbers, and a book might have severa! ISBN's. 
N ames and 8ddresses can be spelled and 8bbrevi8ted in a variety of ways. Again, 
it be comes harder to detect references to the S8me entity when different identifiers 
are used. (Consider the ·difficulty of purging duplic8tes out of 8 mailing list.) 
Furtherrnore, these identifiers cannot all occur in the record which represents the 
entity (assuming norrnalized records), and they certsinly cannot all be keys ofthe 
record. At n¡ost, one of them has to be arbitrarily selected as the primary 
identifier. For the others, a new intersection record type has to be defined, with 
each such record "tr8nsl8ting" one secondary identifier into 8 primary identifier. 
Now, if sorne record contains a secondary identifier, it is necessary to know th8t 
the field is n0t a key into the entity record type, but must frrst be translated via 
the intersection records. lf the field might contain. either primary or secondary 
identifiers, then the retrieval algorithm is even more complex. (And, incidentally, 
one might ask wh8t entities are being represented by the intersection records. 
They are a distinct record type from the one representing the entities. Their keys 
are the secondary identifiers, with 8 separate record for each one, hence severa! 
records per entity.) 

Sometimes the identifier chosen for an entity is not, strictly spe8king, the name 
of that entity, but of a rel8ted entity. This pr8ctice can confuse the underlying 
semantie structure of the inforrnation. Many facts are 8vailable, for example, 
about elections. One might reasonably expect to ask, in 8 symmetric way, who 
won Election No. 10 8nd when Election No. 10 was held. But if elections are 
named by their dates, e.g., the "1948 election," it suddenly becomes absurd to ask 
when it was held. Strictly speaking, we are dealing with an unnamed entity being 
identified by means of a related entity, but the record descriptions give no hint of . 
this structure. (If it disturbs you to think of 8 year as being 8 related entity, then 
imagine that presidents could · only be elected once, and we therefore named 
elections by their winners. Then it becomes equally 8bsurd to ask who won the 
"Truman election," although it is meaningful to ask who lost it, and when it 
occurred.) 

Another way to see the semantic problem is in terrns of fu~ctional dependences. 
On an entity leve!, an election uniquely determines its date 8nd its ";nner, and 
hence dates and ";nners ought to be functionally dependen! on election.S. But if 
the relation representing this inforrnation contains only a date column and 8 
winner column, then there is no way to express these two functional dependences. 
In effect, the existence of three distinct entities is not acknowledged in any way. 
This is one respect in which relations and functional dependences do not mirror 
relationships among entities. 

And, fmally, it is not sufficient for 8 fact to uniquely identify an entity. In arder 
to be useful in 8 record structure, it had better be an unchangeable f8ct. It is 
highly undesirable to have to change that fact in every place where the entity is 
referenced. Thus whi!e a phone number rnight uniquely determine an office 8t 
8ny given moment, it is not 8 good way to identify offices if the phones tend to be 
moved around. 
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Compound ldenlifiers 
1 

All of .these concems-and more-apply when compound facts are used to 
identify entities in records. · 

We Jse for an example the identification of dependents of employees, perhaps 
for a benefits database. N ames of dependents are certainly not unique, but we 
might .issume that no employee has two dependents with the same name. Then 
a dependent could be identified by the combination of his name and the related 
employee's identifier (as in [8]). (We will refer to that related employee as the 
"sponsc;>r.") 

To begin with, the concerns about uniqueness, existence, synonyms, scope, and 
changeability must be examined more carefully, because there are more facts 
involved. 

We .;,.e depending on the uniqueness of names of one employee's dependents, 
which might be a questionable assumption if the employee has adopted children, 
or has 

1
remarried, or if the employee's parents, grandchildren, siblings, etc. also 

qualitied as ·dependents in addition to his children. More simply, his child and 
spousemight have the same name. · · 

In references to the dependent from other records we have, as befare, no 
assurance that the dependent record itself exists. But a second leve! of existence 
dependence is now introduced. In arder for the dependent's identification to be 
meaningful, there must be sorne assurance that the sponsor's employee record 
also exists. 

Synonyms can easily arise, if a dependent was related to more than one 
employee. The dependent has as many valid identifiers as he has sponsors. A 
compound identifier thus need not even be restricted to a many-to-one relation­
ship. If all we are after is the ability to select dependents, then all we need is that 
no employee have two dependents with the same name. The relationship could 
be many-to-many. · 

Thid gives us a one-way uniqueness. A qualified name identifies exactly one 
de¡jendent, but we cannot tell whether two qualified names might refer to the 
same dependen t. If two employees hada dependent named "Joe,".what indicates 
whether it is the same dependent? Special pains must be taken to detect that the 
dependents of several employees might be the same person, in arder to·properly 
coordinate bénefits. A separate "translation" record type is now needed to 
establish the equivalences between identifiers. (And the synonym problem is 
compounded if the sponsors thernselves ha ve synonyms.) 

It is possible to designate one identifier (involving one sponsor) as the "primary'' 
identifier of the dependen t. But it may be necessary in sorne situations to permit 
any identifier to be used, requiring a search of both the translation records and 
the dependent records. Furthermore, this leads to a potential violation of the · 
consta:ncy requirement: a dependent's primary sponsór will change if that sponsor 
leaves the company but the dependent is still related to other employees. Then 
all references to that dependent have to be modified. In fact, it is probably not a 
good idea to' use employees to qualify dependent names in an implementation 
which! forbids modification of record keys . 

. Scope of identifiers is, of course, still a crucial concern. The facts chosen for the 
compound name must be relevant and known for all occurrences of the entity 
type being identified. For example, if the company charitably expanded its 
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benefits program to provide aid to al! needy people in the community, then sorne 
recipients would not have any related employee to use in their identifiers. Sorne 
other form of identificatiori would ha ve to be devised. 

So far, al! these problems of compourid names have ju¿t been extensions of 
similar problems which existed for simple. names. A whole new set of problerns · 
derives from the fact that compound names force an entity to be referenced by 
multiple fields in a record. 

There is a three-way ambiguity. Multiple fields in a record are used to represent 
three distinct semantic constructs: the compound name of an entity, a relationship 
among entities, or multiple independent facts about an entity. · 

Spurious Joins. The resemblance between compound names and independent 
facts can lead to "phantom entities" and spurious joins. Whenever an employee 
number and a person's name occur in any two fields of a record, this could be 
construed as the compound identifier of a dependent. In particular, a relational 
join can be perfonned over such fields. 

An employee's name and his manager's employee number, in one record, could 
be matched up "~th a customer's name and his salesman's employee number in 
another record, in the mistaken belief that such pairs of fields constituted 
qualified names for the same person .. More simply, a dependent record might 
include another employee number field besides his sponsor (e.g., a benefits 
administrator); a join could be done on the \\Tong employee field, mistaking this 
person for a dependent of that other employee (who might not even have any. 
dependents). 

The domain concept in the relational model is supposed to control joinability. 
In relational theory; joins may only be performed on columns based on the same 
domains, presumably assuring that the same entity is occurring on both sides as 
a "link." The problem is that relations are fundamentally defined as aggregations 
of single columns, each column based on a domain. There is no concept of a 
domain encompassing multiple columns, although entities may be identified by 
multiple columns. The domain concept cannot be applied in such a way that two 
columns in a relation 'must always be treated as a unit, and may only be joined 
with other pairs of columns defined to constitute similar units. In the current 
example, the two fields might have separate domains specified as "employee 
number" and '4person name"'; there is no place to establish ""dependents" as a -
domain. And even if the second domain was specified as "dependen! name," it 
still could be paired with any other employee number in the same record. 

Thus domains do not readily correspond to entity types, when the entities are 
identified by compound names. 

Reducibility Dilemma. The resemblance between compound names·and inde­
pendent facts leads to a dilemma in the theory of reducible relations [15, 16, 19, 
29]. . . 

Consider a person's birthday. On the face of it, this is an elementary (irredu­
cible) fact-a simple binary relationship between a person and a certain day in 
the past. And, if we happen to represen! dates in Julian notation (one field), then 
birthday actually has the structure of an elementary fact. But if we choose to 
change the naming of the date to the more conventional notation involving three 
fields, then we ha ve a record containing four fields. This record can now be 
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reduced to three binary records: person and year, person and month; and person 
and day of month. The original birthday record can always be recovered by 
joining these three. · 

The same analysis, and arnbiguity, applies whenever a composite narning 
convention is selected for an entity. City of birth, for example, is an irreducible 
fact if globally unique city codes are used; it is reducible if the city is identified by 
the composite of, e.g., city, state, and country names. 

Composite names are in general not precisely equivalen( in function to simple 
unique identifiers for the sarne entities. Composite names almost always convey 
additional inforrnation; when used in lieu of simple names they necessarily 
change the underlying structure of the inforrnation. A simple name simply 
designates an entity; a composite narne does that, but it simultaneously inforrns 
us about other related entities. A city code simply designa tes a city; the conven­
tio~al notation may additionally tell us the state and country in which it is 
located. A Julian date simply designa tes a certain day (if we do not botherto do 
certain computations); the conventional notation additionally tells us the year 
and month in which it occurred, as well as the day of the month. In the role of 
designating a single entity, a compound name could be part of an irreducible fact; 
in the role of pro,;ding auxiliary information about related entibes, it leads to 
reducibility. 

Confusion o[ Subject. The resemblance between compound narnes and rela­
tionships confuses the subject matter of a record, namely the question of what 
entity is being represented by a record. A record ha,;ng employee number and 
dependen! name as a compound key might be a dependen! record (representing 
a dependen!), or it might be an intersection record representing the relationship 
between an employee and a dependen t. In the first case, it would be appropriate 
to include the dependent's age in the record, since that is a fact about the 
dependen!: 

EMPLOYEE-NUM 1 DEPENDÉNT-NAME 1 AGE 

......................................... key ........................................ . 

In the second case, the record might specify the kinship between the dependen! 
and the employee: 

EMPLOYEE-NUM DEPENDENT-NAME KINSHIP 

......................................... key ........................................ . 

The first fact is really about the dependent alone, while the second is about the 
relationship between the dependent and an employee. But the structure of the 
two, in "irreducible" forrn is indistinguishable. Thus if narn.ing conventions are 
not separated from entity representation, "irreducible" records still do not model 
the structure of inforrnation unambiguously. (To see the significance, compare 
what happens to the preceding two structures if dependents were named simply, 
e.g., by social security numbers.) 
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In unreduced records, a composite key is likely to be serving both roles 
simultaneously. It would not be unusual to see the two records shown above 
combined into one (since they have the same key), containing both age (a fact 
about the dependent) and kinship (a fact about the relationship). It is thus 
ambiguous asto which entity is really representad by this record. 

Ironically,. although "intersection records" are commonly accepted as the 
construct which representa many-to-many relationships, it is, in ·ract, hard to 
know which records are serving as intersection records. 

Surrogates 

A precise model of information should distinguish carefully between the structure 
of entities being modeled and the various structures of names which might be 
associated with them. This implies a distinction in the model between entities 
and traditional data items. 

Sorne alternative models suggest that sorne sort of'an internal construct be 
used to represen! an entity, acting as a "surrogate" for it [1, 19]. This surrogate 
would occur in data: structures wherever the entity is referenced, and naming 
prohlems would at leas! be isolated by keeping structured or ambiguous identifiers 
off to one side, outside the structures representing attributes and relationships. 

Since these surrogates must eventually be implemented inside the computer in 
sorne form of symbol string, it is sometimes held that such surrogates are 
themselves nothing but symbolic identifiers. 

It is useful to be aware of sorne fundamental differences between surrogates 
and ordinary identifiers: 

(1) A surrogate might not be exposed to users. Only ordinary identifiers need 
pass between user and system. In concept, models invoh·ing surrogates can 
behave 'as though a fact (e.g., the assignment of an employee to a depart­
ment) was treated in two stages. First, the surrogates corresponding to the 
employee and department identifiers are located (i.e., name resolution). 
Then the two surrogates are placed in association with each other, to 
represen! the fact. 

(2) Users do not speéify the format, syntax, structure, uniqueness rules, etc. for 
surrogates. 

(3) Surrogates are globally unique, and have the same forma! for all entities. 
The system does not have to know the entity type (or the identifier type) 
before knowing which entity is being referenced, or before knowing what 
the surrogate forma! will be. 

(4) Surrogates are purely information-free. They do not imply anything about 
any reláted entities, nor any kind of meaningful ordering. 

SEMANTIC STRUCTURE ANO THIRD NORMAL FORM 

In the absence of any additional discipline, it is difficult to guess the semantic 
structure implied by a record forma t. A given field might include multiple facts 
by encoding; or \\;tb internal punctuation. A given fact might occur in any of 
several fields: in one of our example vehicle assignment records, the assignee 
would occur in the third field of sorne records and the four1h field of other records. 
A given field might give information about different things in different records: a 
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clever programmer might design a single "maiden name" field to refer either to 
an employee or to the emplóyee's spouse, depending on which was female. In 
general, the possibility of tricks such as these obscures the underlying semantic 
structure. 

The semantic structure suggested by a ·relation under the discipline of third 
normal form [11, 20] is one in which each record represents a single "subject" 
entity (identified by the key), with the other fields being "direct" facts about the 
subject entity. That is, the nonkey fields are functionally dependent.on the key, 
and there are no other functional dependences. 

There are sorne difficulties here also. In the first place, the role of functional 
dependences in relational theory is unclear, at least as reflected in implementa­
tions. The assumption tends to be that functional dependences (if specified at al!) 

ha ve be en used during the design phase of the da tabase to insure that relations 
are in third normal form, and then discarded. They do not seem to be present at 
run time to explain the ~emantic structure of the data. 

Secondly, functional dependences deal only with l:n relationships and not m:n 
relationships. However, sorne recent work [14] offers extensions into this area. 

Thirdly, functional dependences merely specify dependences v;ithout naming 
the relationships in volved. Thus, e.g., it cannot be.,de(emlined whether severa! 
functional dependences (between different pairs. o(colú:Íriris) are based on the 
same relationship. Consider, for example, a credit application record containing 
the applicant, employer, spouse, and spouse's einployer. Functional dependences 
give no ·c1ue that the same relationship exists between the first and second 
columns as between the third and fourth. 

Furthermore, third normal form allows severa! keys to remain in the··same 
relation, even if they identify different entities. This can occur when eritities are 
in a 1:1 relationship, as with employees and spouses. One of the keys is typically 
selected as "primary," which can suggest that only one entity (e.g., the employee) 
is the subject of the record. If functional dependences are discarded after the 
database design phase, there is nothing left to dispel this illusion. The remaining 
structure implies, for example, that "spouse's birthdate".is notan attribute ofthe 
spouse, but only ofthe employee. The structure is vulnerable to update anomalies, 
with the irnplication that the "spouse" and "spouse's birthdate" .attributes of an 
employee may be updated independently of each other. ;. ·: ·.. . 

Still another concem is that it may not be possible to model the atiributes of 
1:n and 1:1 relationships, because only "fui!" functional dependences are consid­
ered in the deterrnination of third normal form. A fui! functional dependence is 
based on the "smallest" possible subject which determines the related fact. Thus 
while the relationship betweell an employee and his. department may ha ve an 
assignment-date attribute, that date is not "fully" dependent on both employee 
and department. There is only one (current) assignment date for each employee, 
and hence that date has a fui! functional dependence on the einployee alone. 
(That is, knowing the employee is sufficient to determine the date.) To the extent 
that only fui! dependences are considered, functional dependences distort the 
semantic structure of information. Attributes of 1:n and 1:1 relationships are 
always transformed into attributes of one of the related entities. Only the 
attributes o f. m:n relationships are preserved in functional dependences. 

Finally, the most serious concem is that functional dependences are expressed 

ACM Transactions on Data base Systems, Vol. 4, No. 1, Marrh 1979. 



128 W. Kent 

on the name leve! rather than the entity leve!. One consequence is the failure to · 
model the existen ce of entities whose names ·are given to other entities (as in the 
earlier example of elections named vía years or winners). 

Another consequence is that dependences are only expressed when the subject.s 
are uniquely named. In the example of employees and spouses, functional de­
pendences on the spouses would only be expressed if the spouses were uniquely 
named (as by social security number). In the more common case, no functional 
dependences could be written, since the same spouse naine might occur in 

· different records with different birthdates, employers, etc. Spouses would not in 
any way be designated as the subjects of any information, or as candidate keys. 

(We could uniquelyidentify spouses by the combination of spouse name and 
employee number, as a qualified name. Bul functional dependences based on this 
pair of fields would nol be full dependences, since the attributes-such as 

,"spouse's birthdate"-are uniquely determined by employee numlier alone. As 
mentioned earlier, such nonfull dependences are discarded in the determination 
of third normal form.) 

Beca use of the dependence on naming, a large number of relationships in a 
typical database fail to be reflected in functional dependences, and hence fail to 
be subject to the discipline of third normal form. In a personnel fUe, attributes of 
such things as pre\~Ous employers, banks, schools, relatives, etc. tend to be 
duplicated by embedding in multiple employee records. The functional depend­
ence between a school and its address could not be specified, because severa! 
schools mighl have the same name. Hence, if severa! employees attended the 

_ same school, the address of that school mighÍ be included in each employee's 
record, without violating third normal form. All such cases are exposed to the 
updste anomalies which third normal form is supposed to prevent. 

A special case of this problem is nol only tolerated but in fact encouraged by 
the relational model. Compound keys, in which the name of an entity includes 
the name of a related entity, plainly constitute a replication of information, 
thereby violating the spirit if nol the letter of third normal form. 

Consider an earlier example, where departments were uniquely named only 
"~thi"n di,~sions, so that company records had to use a compound of department 
name qualified .by division name. On the entity leve!, a department uniquely 
determines its division (a given department is, after all, in only one division). But 
on the name leve!, a department name does not uniquely determine the corre­
sponding di\~sion-that is precisely why qualification is needed in the first place. 
Hence no functional dependence can be \\Titten here, even though there is a 
many-to-one relationship between the entities involved. 

A department's division is mentioned in every record which references that 
department. If the division of a department changes, that single fact must be 
changed wherever that department is mentioned-precisely what third normal 
form should avoid. 

There is a pragmatic solution. The update problem is best dealt with by 
legislating it away: forbid the update of keys. This is commoh in most implemen­
tations, though nota formal part of relational theory. 

Third normal form is very sensitive to naming conventions. Giving department.s 
globally unique identi,fiers would represent no real change in the semantic 
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structure of the information. But a functional dependence could Íww be written 
between departments and divisions, and the records in question would no longer 
be in third normal form. · 

To conclude: records in third normal form can include a great many relation­
ships which are not suggested at all in the record descriptions, even in the form 
of functional dependences. 

CONCLUSIONS 

We ha ve outlined a· number of ways in which record structures fail to model the 
semantics of information accurately and unambiguously. Other models deal with 
these problems, with varying degrees of success. A discussion of su eh alternatives 
is generally beyond the scope of this paper. 

Just briefly, we can observe that file structures (hierarchies, CODASYL sets) 
overcome sorne functional limitations, but by increasing rather than decreasing 
the variety of representational alternatives. Bachman and Daya [4] and Smith 
and Smith [ 40] address sorne of the problems of types, but still in a record-based 
framework. Binary relation (or "elementary fact") models are generally more 
successful in coping with the modeling 'problems, though none have done so 
completely. Such models are more directly based on· semantic concep_ts, .e.g., 
entities and the network of relationships among them, rather than on recordlike 
structures. The model described by Biller and Neuhold [5] is excellent in this 
respect. Other models along these lines include the works (referenced below) of 
Abrial, Bracchi, Falkenberg, Griffith, Hall, Roussopoulos, Schmid, Senko, and 
Sowa. · 
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DIRECTOHIO DE ALUMNOS DEL CURSO ''DISERO DE BASE DE DATOS'' 
IMPARTIDO EN ESTA DIVISION DEL 17 DE MAYO AL i4 DE JUN1(· Jq85. 

1.- ACOSTA GODINEZ VICTOR 
S. A. R. 1!. 
1\NALISTA 
REFORMA• 'No. 133-60. PISO 
COL. SAN RAFAEL 
DELEGACION CUAUHTEMOC 
566-87-24 

2.- BARRUETA AVILA JOSE ALEJANDRO 
GRUPO IPESA 
ING. DE PROYECTOS 
AV, SNA LORENZO No. 153 
COL. DEL VALLE 
DELEGI\CION BENITO JUAREZ 
03100 MEXICO, D.F. 
575-40-77 

3.-- CALLEJAS CASTRO MANUEL 
INDUSTRIAS METALICA INTEGRADO 
JEFE IJE SISTEMAS 
K/1. 1 O , 5 CARR, · OCOY OACAN 
TII\NGUISTENGO ED . DE MEXICO 

4,- CANEDO SARABIA MIGUEL ANGEL 
DIREC, DE INFORMATICA I.B.M. 
ANALISTA 
CALLE SATURNO COL. LINDAVISTA 
DELEGACION GUSTAVO A. MADERO 

5,- CARRANZA ECHEVERRIA LOURDES 
I,S,S.S,T,E. 
JEFE DE DEPARTAENTO 
AV, JUAREZ No. 140-11o. PISO 

6.- CASTILLO GUERRERO ANGEL ENRIQUE 
KANAN No, 14 1 7 --, 
PROGRAMADOR COBOL 
ANIL No, 109 ESQ. ROSINA 
COL. GRANJAS DE MEXICO 
657-88-22 

MORELCS No. 510 DEPTO. 304 
DELEGACION IZTAPI\LAPA 
566-89-24 

AV. SAN BERBABE No. 210 
COL, M. CONTRERAS 
10100 MEXICO, D.F. 
595-21-45 

AV. UNIVERSIDAD No, 1900 
EDIF, 34-201 
COL, COPILCO UNIVERSIDAD 
DELEGACION COYOACAN 
658-25-20 

TRI POLI No. 507-118 
COL, PORTALES 
DELEGACION BENITO JUAREZ 
03300 MEXICO, D.F. 
539-65-51 

RAYA OLA VERDE No. 379 
COL, IZTI\CALCO 
08840 MEXICO, D.F. 
579-17-46 

AV. TAXQUl':t~J, No. 4303 
DELEGACION COYOACAN 
04200 MEXT CO, D. F, 
549-20-74 



7.~ Cl:LIS Dli\Z HEH!Ei1 

POLYGRN1 DISCOS 
GERENTE DE SISTEHr; 
MIGUEL ANGEL DE QUC:VEDO No. 531 
DELEGACION COYOACAN 
658-84-00 

8.- CERVANTES OLVERA CECILIA 
COMISION FEDEFAL DE ELECTRICIDAD 
ACTUARIO 
LEON TOLSTOY No. 29-14o. PISO 
COL. ANZURES 
545-91.:.32 

9.- CIPRIAN AVILA JORGE ROMEO 
COMISON FEDERAL DE ELECTRICIDAD 
TECNICO EN INVEST. ECONOHICA. 
TOLSTOY No. 29~.14o .. PISO 
COL. ANZURES 
DELEGACION MIGUEL HIDALGO 
545~91~32 

10 .~· CQRTEZ CAMACHO FRANCISCO 
IPESA 
ANALISTA DE SISTEHAS 
SAN LORENZO No. 153-4o, PISO 
COL. DEL VALLE 
575-09-49 

11 .~ DAVIGHI HERRERA ALDO CLAUDIO 
KANAN H I'l: 
GERENTE DE INFORMATICA 
AfliL No. 109. ESQ. RESINA 
COL. GRANAJAS MEXIC:O 
657~88-22 

12.- DE GANTE SANCHEZ HARCOS RAUL 
S. C. T. DIREC. GRAL. ING, DE SIST. 
ANALISTA DE SISTEHAS 
AV. MICHOACAN S/N 
COL. TEPALCATES 
DELEGACION IZTAPALAPA 
09201 MEXICO, D.F. 
592~00-77 ext. 391 

13.- DE LA ROSA GARCIA LUCIA 
CENTRO PANAMERICANO DE ECOJDGIA 
HUMANA Y SALUD D. P. S. 
RANCHO DE GUADALUPE 
APARTADO POSTAL 37-473 
06696 MEXICO, D.F. 

MIGUEL ANGEL DE QUEVEDO No. 
DELEGACION COYOACAN 
658~84-00 

·COLINA DE LA GACELA No. 47 
SATELITE, EDO. DE MEXICO 
53140 MEXICO, D.F. 
572-06-83 

531 

ANDADOR 37 EDIF. 33 ADEPTO, 402 
DELEGACION GUSTAVO A. AMDERO· 
391-35-38 

VENTURINA No. 156 
COL. ESTRELLA 
DELEGACION GUSTAVO A. MADERO 
07810 MEXICO, D.F, 
577-24-55 

AV. TAXQUEflA No. 1303 
DELEGACION COYOACAN 
04200 MEXICO, D.F. 
549-20-74 

AV. PERIFERICO EDIF. 6 ENT. 1 DEPTO. 12 
COL. U. VICENTE GUERRERO 
DELEGACION IZTPALAPA 
04200 MEXICO, D.F. 

CERRO DE LA ESTRELLA No. 16 7 
COL. CAMPESTRE OIURUBUSCO 
DELEGACION COYOACAN 
04200 MEXICO, D.F. 
544-50-26 

• 
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14 .~- DEL MORAL GA!\(iill Ml\, TE,BES·)\ 
COMISION FEDEHAL DE ELECTR:[C]JJ!ID 
ANALISTA PHOGH!IMADOR 

. ' 
L, TOLSTOI No. 29~-.12o, piSO 
COL. Al·lZURES 
DELEGACION CUAUHTEMOC 
59 3-: 71-,.3 3 

15.~- DURl\N !\COSTA 1\LBEETO 
TELEFONOS DE MEXICO 
INGENIERO DE SOF'IW!\RE 1 , 

EHNESTO PUGIBET No, 2-,3er 
1 

)?ISO 
COL. CENTRO 
DELEGACION CU;>,UHTEMOC . 
706-Q0-<02 

16.- ESCUTIA ACOSTA RAUL 
S.A.R. H. 
PROGRA!1ADOR ANALISTA 
AV. INSURGENTES SUR No. 30~2 
COL. JAUREZ 
DELEGACION CUAUHTEMOC 
06600 MEXICO, D.F. 
59 1 ~-1 8-,-30 

17.- ESPINOSA GONZALEZ CARLOS 
POLYGRJ\MI DISCOS 
SUBGERENTE SISTEMAS 
MIGUEL lu'lGEL DE QUEVEDO No. 531 
DELEGACION COYOACAN 
658--84-00 

'' 

18,~- FEHREIRJ\ TREVItlO HECTOR H, 
SERVICIOS Y ASESORIAS EMPRESARIALES 
CONSULTOR ASOCI-ADO 
NICO~$ SAN JUAN No, 225 
COL. DEL VALLE 
DLELGACION BENITO JUAREZ 
03100 MEXICO, DF. 
536-50-83 

19,- FLORES FLORES FRANCISCO JAVIER 
Diru,C. GRAL, SERV. DEL D. D,F. 
Ji:FE DE INFORMATICA 
TEPIC No. 37 
COL. ROMA SUR 
564-17-41 

20.- GARCIA CRUZ MARIA TERESA 
DIREC. GRAL. OBRAS 
OPERADOR DE SISTEMAS 
!IV. REVOLUCION No. 2045 
DIUDAD UNIVERSITARIA 
DELEGACION COYOACAN 
550-57-83 

CENTENO No. 8 58 H . .., .JO 3 

COL: GR}\NJAS MEX!CO 
DELEGACION IZTAOALCO 
650~-67-.08 

l\V, AVIL!\ Cl\MACH.O No. 46_7 
COL 1 PERIODISTA 
DELEGACION MDGU~~,HIDALGO 
11220 MEXICO f D;F; 
557~-30-28 

ROSA VENUS No. 23 MOLINO DE ROSAS 
DELEGACION ALV}\RQ. OBREGON 
01470 MEXIC0 1 D.F, 
680~74~-43 

CASCADA No. 320~11 

DELEGACION BENITO, ,J·UAREZ 
03300 MEXIC0 1 D.F, 

DIVISION DEL NORTE No. 24-12 
COL. DEL VALLE 

. DELEGACION BENIID0 JUAREZ 
03100 MEXICO, D,F. 

RINCON DEL AMOR No. 26 
COL. BOSQUE RESIDENCIAL DEL SUR 

·DELEGACION XOCHIMICLO 
"16010 MEXICO, D,F. 
676-67-29 

DR. TERRES No. 88-16 
DELEGACION CUAUHTEHOC 
06720 MEXICO, D.F. 
588-53-:-55 



21,- GI\HClA ESPINOSA J. ,1;::sus 
DLHEC, GRI\1, OBMS U.Nf/1. 

OPEHAIJOH 
AV. REVOLUSION No, 2045 
CIUDAD UNIVERSITAIRA 
DI·:LEGI>.CION COYOACAN 
SS0-52-15 ext, 4113 

22,- GAI<CIA CARRANZA MI\, TERESA 
POLIGR1\M DISCOS 
ANALISTA PROGR1\MADOR 
MIGUEL ANGEL DE QUEVEDO No. 531 
rmu:GACION COYOACAN 
658-84-00 

23.- GARCIA JUAREZ JOSE DE JESUS 
D.G,T, S, C .. T, 

ANALISTA ESPECIALIZADO 
EJE CENTRAL LAZARO CARDEN AS 56 7 
COL. NARVARTE 
530-30-60 

24,- GARNICI\ HUITRON GONZALO 
S, C. T. 

25.- GON2ALEZ DURAN NORBERTO 
SEGUROS DE MEXICO, S.A. 
JEFE DE SISTEMAS Bl\flOS 
AV. UNIVERSIDAD No, 1200 
DELEGACION COYOACI\N 
534-00-34 

26.,- IBARRA BLANCAS GUILLERMO 
ATISA-ATKINS 
LIDER DE PROYECTO 
BAHIA DE CORRIENTES No. 77 
COL. ANZURES 
DELEGACION MIGUEL HIDALGO 
11300 MEXICO, Q.F. 
250-82-11 

27.- JUAREZ REYES RAFAEL 
TERMOS Y TRANSPORTES 
PROGRAMADOR 
MANUEL SALI\ZAR No. 130 
COL. SAN JUAN THIHUACA 
DELEGACION AZCAPOTZALCO 
382-70-76 

28.- JUAREZ TELLEZ JUAN MANUEL 
DIREC. GRAL. OBRAS UNAM 
OPERADOR DE SISTEMAS. 
AV. REVOLUCION No. 2045 
COL. PEDREGAL 
DELEGACION COYOACAN 
550-52-15 ext. 4113 

S IJR 1 11 A No. 711 
COL. SECTOR POPULAR 
DELEGACION IZTAPALAPA 
09060 }lEXICO, D.F. 
582-76-84 

SUIZA No. 16-2 
DELEGACION BENITO JUAREZ 
03300 MEXICO, D,F. 
532-60-05 

AV. SAN FELIPE LOTE 20 MJ\N 521 
COL, URSULI\ COÁPA 
DELEGI\CION COYOACAN 
04918 MEXICO, D. F, 
'677-90-82 

AflO 30 DE MANUELA SAENZ No, 221-B 
DELEGACION COYOI\CAN 
04480 MEXICO, D.F. 
552-23-62 

VELAZQUEZ DE LEON No, 14-6 
DELEGI\CION CUI\UHTEMOC 
06470 MEXICO, D.F. 
546-69-76 

GRAL. MARIANO SALAS No. 78-A 
COL, MI\RTIN CARRERA 
DELEGACION GUSTAVO A. MADERO 
781-30-67 

MANZ. I EDIF. 235 DEPTO. 101 SEC .. 9 
UNIDAD C.T.M. CULHUI\CAN 
DELEGI\CION COYOI\CAN 
04480 MEXICO, D.F. 

. ' .,.,Á, 
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29.- LACROIX MARTINEL: GUSW,VO 

30.- LANDEROS A VILES CARLOS FIDRENTINO 
UNIVERSIDAD AUTONOMA DE CHAPINGO 
INVESTIGADOR 
TEZCOCO, MEXICO 

31.- IDPEZ CERVANTES MIGUEL ANGEL 
SUBDIREC. PROCESAMIENTO DATOS 
U. S. E. D. ~ALAPA 

TECNICO MANTO. SIST .. COMPUTACION 
CARRETERA XALAPA, VERACRUZ KM. 4. 5 
XALAPA, VER. 91000 

32.- LOPEZ LOPEZ ROBERTO 
TELEFONOS DE MEXICO 
INGEIHERO DE SOFTWARE 
ERNESTO PUGIBET No. 12 EDIF. AXE 
3er. PISO 
COL. CENTRO 
DELEGACION CUAUHTEMOC 
521-68-14 

33.- LOPEZ LOPEZ ROBERTO 
ACEROS FORTUNA " 

34.- LOPEZ MENDIZABAL VICTOR 
S. A. R. H. 
ANLAISTA 

AV. INSURGENTES SUR No. 30-2o. PISO 
COL. JUAREZ 
DELEGACION CUAUHTEMOC 
591-18-55 

35.- LUIS AGUILAR ALBERTO 

36.- HARTINEZ CAMACHO JOSE LUIS 
PEMEX 
JEFE DE ANALISTAS 
AV. MARINA NACIONAL No. 329 
COL. ANAHUAC 

MOTOZINTLA No. 92 
COL. NARVARTE 
DELEGACION BENITO JUAREZ 
03600 MEXICO, DF. 
539-63-01 

ZACATECAS No. 178-3 
564-83-23 

( 

JORULID No. 16 
COL. AGUACATAL 
91134 XALAPA, VER. 

EDIF. 20 DEPTO. 401 
UNIDAD LOMAS DE BECERRA 

· DELEGACION ALVARO OBREGON 
563-98-38 

ING. JOSE J. REYNOSOS No. 68 
COL. CONSTITUYENTES DE 19.17 
DELEGACION IZTAPALAPA 
09260 MEXICO, D.F. 
691-37-79 

MANZANA 3 EDIFICIO J DEPTO. 01 
U. CANDELARIA DE LOS PATOS 
539-65-51 

AV. 508 No. 185 
COL. SAN J. DE ARAGON 
DELEGACION GUSTAVO A. AMDERO 
551-21-79 



37.- MIRELES CISNEROS MA. GUADA.LUPE 
DIREC. GRAL. OBRAS UNAM 
PROGRAMADOR 
AV. ' REVOLUCI ON No. 20 45 
uc:LJcGf,CION COYOACAN 
550-Si'-83 

3B.- MOLINA VILCHIS MARIA AURORA 
DIRE. GRAL. TELECOMUNICACIONES 
ANALISTA ESP. SIST. DE COMPUTACION 
EJE CENTRAL LAZARO CARDENAS 
COL. NARVARTE 
530-60-09 

3S .- MONTERRUBIO ESCOBAR MANUEL 
PEMEX 
ANALISTA PROGRAMAS 
MARINA NACIOANL No. 329 
COL. ANAHUAC 
250-26-11 ext. 21902 

4ü .- MORENO GUTIERREZ ARTURO CARLOS 
ICI DE MEXICO, S.A. 
QUIMICIO INVESTIGADOR 
CALLE BELLO S/N 
COL. SAN JUNA IXHUATEPBC 
TLALNEPANTLA EDO. DE MEXICO 
754-44-77 

41.- NAVA GUERRA RAFAEL 
S. A. R. H. 

ANALISTA DE SISTEMAS· 
INSRUGENTES SUR No. 30 
COL. PORTALES 
DELEGACION CUAUHTEMOC 
591-18-35 

42.- PARRAS VALDOVINOS ENRIQUE 
PEMEX 
JEFE DE ANLAISTAS 
AV. MARINA NACIONAL No. 329 
TORRE 14o. PISO 
DELEGACION CUAUHTEMOC 

43.- PEREZ RAI10S EVELIA 
s. c. ·r. 
ANALISTA TECNICO 
AV. XOLA Y UNIVERSIDAD 
COL. NARVARTE 
DELEGACION BENITO JUAREZ 
519-51-34 

JABONERO No. 8 
COL. PROGRESISTA 
DELEGACION VENUSTIANO CARRANZA 
15370 MEXICO, D.F. 
789-03-53 

SUR 119 11Z. 40 LOTE 39 
DELEGACION IZTACALCO 
4001 MEXICO, D.F. 
650-54-30 

RET. 36 DE CECILIO ROBELO EDIF. 890-B-6 
DELEGACION:COYOACAN 
15900 MEXICO, D.F. 

CONVENTO DE LA MERCED No. 39 
54050 EDO. DE MEXICO 
398-58-21 

INSURGENTES No. 30 
COL. JAUREZ 
DELEGACION CUAUHTEMOC 
591-18-35 

COTINGAS No. 72 
ATIZAPAN DE ZARAGOZA 
.54500 MEXICO, D.F. 
574-66-36 

XAVIER SORONGO No. 260 
DELEGACION BENITO JUAREZ 
03530 MEXICO, DF. 
519-51-34 

• 
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44.- PICJ\ZO S!1LINAS .JORCE 
S. C. '1'. 

45.- RA11IREZ Ml\GAf!A ROBERTO 
S. C. T. OBRAS MARI TIMAS 
JEFE DE OFICINA 
PROVIDENCIA No. 807-4o. PISO 
COL. DEL VALLE 
DELEGACION BNEIOT JUAREZ 
523-45.:..38 

46.- RODRIGUEZ MALDONADO MARTIN B. 
SECRETARIA DE COMUNICACIONES 
Y TRANSPORTE 
ANALISTA DE SISTEMAS 
530-60-09 

47.- ROMANO DIAZ JUAN 
PETROLEOS MEXICANOS 
JEFE DE DEPTO. DE SISTEMAS 
MARINA NACIONAL No. 329· 
COL. ANAHUAC 

48.- ROMEJW RUIZ RUBEN 
ENEP ACATLAN 
PROFESOR DE ASIGNATURA "A" 
AV. ALCANFORES S/N 

-COL. ACATLAN 

49.- ROSALES PADILLA JORGE LUXS 
INSTITUTO MEXICNAO DEL PETROLEO 
AV. LAZARO·CARDENAS No. 152 
C~L. ?AN BARTOLO ATEPEHUACAN 
DELEGACION GUSTAVO A. MADERO 
567-68-oo ext. 20414 

' ' . 

50.- .SANCHEZ ALVAREZ SERGIO A. 
ASESORA LENIAL S. C. 
GERENTE DE SISTEMAS 

,'FERROCARRIL No. 17 
FRAC. ALCE BLANCO 
N~UCALPNA DE JUAREZ 
576,-53-55 

51.- SANCHEZ ZARATE MIGUEL A. 
S. A. R. H. 

52.-' s'ERAFIN CANDELARIO ILDEFONSO 
S. C. T. INGENIERIA DE SISTEMAS 
ANALISTA PROGRAMADOR 
MICHOACAN S/N 
COL. TEPALCATES 
DELEGACION IZTAPALAPA 

AV. CLAVERIA No, 224-106 
COL. CLAVERIA 
DELEGACION AZCAPOTZALCO' 
02080 MEXICO, D.F. 
523-45-38 

MISANTLA No. 38 
DELEGACION CUAUHTEOC 

DELFINES C 
FUENTES· DE SATELITE 
572-69-89 

.-,·· 

PASEO DE ITALIA_.No. 69. 
LOMAS VERDES I II 
53120 NAUCALPNA DE JUAREZ 
562-98-41 

AV. SAN ISIDRO No. 696-C-304 
DELEGACION ATZCAPOTZALCO 
02710 MEXICO, D.F. 
56 7-80-15 

TURIN No. 41-10 
COL. JAUREZ 
06600 MEXICO? D.~. 

552-02-24 

1'\GAPANDO No. 18 
COL. LOS ANGELES 
DELEGACION IZTAPALAPA 
09710 MEXICO, D.F. 
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53.- SOTO LQPEZ EDUARDO 
C. B. S. 
SOPORTE TECNICO 
AVE. 16 DE SEPTIEMBRE No. 275 
58000 NAUCALPAN DE JUAREZ 
576-03-33 

54.- TEJERO ANDRADE LUCAS RICARDO 
COMISION FEDERAL DE ELECTRICIDAD 

. RODIINO No. 14 
COL. CUAUTEMOC 
DELEGACION CUAUHTEMOC 
06598 MEXICO, D.F. 
553-71-33 ext. 2183 

55.- TREJO FLORES LIDIA 

CRUZ GALVEZ No. 19.5 
COL. NUEVA SANTA MARIA 
556-68-60 

TAJHi No. 679 . . 
PELEGACION BENITO JUAREZ 
'03600 .MEXICO, D.F. 

DIREC. GRAL. INGENIERIA DE SISTEMAS GONZALEZ CAMARENA No •. 9 
ANALISTA PROGRAMADOR ·coL: .:rACARANDAS 
AV. MICHOACAN S/N DELEGACION IXTAPALAPA 
COL. TEPALCATES 
DELEGACION IXTAPALAPA 
09201. MEXIco;' D.F. 
G01-70-S6 

56.- TREJO GUTIERREZ RAUL 
.. DIREC. GRAL. TELECOMUNICACIONES 

JEFE DEPTO. TRANSMISION DATOS 
LAZARO CARDENAS.No; 567 
COL. NARVARTE 
53s.:.91:..o·1· 

09280 MEXICO, D.F. 
691-77-69 

JUPITER No. 46 
DELEGACION CUAUHTEMOC 
583-40-18 
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57.- VALENCIA NAVARRETE EDUARDO 
DIREC. GRAL. ING. DE SISTEMAS 
LIDER DE PROYECTO 

-.. . .. 

' AV. 'l'ELECOMUNICACIONES p/.N. 
COL. DEL MORAL . 
IZTAPALAPA 
697-00-77 

58.- VALDES ALMANZA GONZALO 
INSTITUTO MEXICANO DEL PETROLEO 

' ' 

AV. TELECOMUNICACI ONri¡ S/N' ·.:,' 

COL. DEL MORAL ·' ' .. : 
IZTAPALAPA -~~ 
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