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Appendi• B 

Database Systems 
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DF\1~ di>llibukd FMS 
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gra ¡raphic dota onp¡><>rL 
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Jllp l¡'f¡..lo.n¡uo¡c O} ;tPm a<<e>ood by r.A.U. 
hl~ IV.ril\.-lan~uo~c o¡.·•tem w\th preprv<.....,r 
IMt institutiona.l 
orq inl•rtosative query pr...._ 
IHS ;.,r~nn.o.tion-r<tric>o.J •JMem 

w il>dtxod-""'\\Cfllio.J filo 
ht inrl • .-d m.. · 
nu nel~ork do1ob,oso org•nlution, 

(yrat inditot<o CODASY~ otandud) 
nlq natural !on1u•c• qucl)' oopab<hy 
obj obje<l boL-.,d 
plf pile fil< or¡onl!~tlom 
pti pri•""Y J»"OI..,Iio<o 
Pro pr~ 
QCS query ond updu.. s¡olcm 
re< t«mrry oup¡>ofl 
rd tri.M""'no.J dotoW... O<&&:lluLloa 

,•t>I rin1 O< chain filo orp.ni ... tion 
rpc rtport ,.,.,.."" 
S.WB~tS aingl ... opplio.alion DDMS 
SATDH~lS ain&l ... opplioatlon typo DDMS 
och ocborn.o. 
ole oclt-conto.i.nod oy>rem 

. s4 O<'quomjo.l ~le or~;uo·lulion 
olq oloi<"menl-orientO<l quory P""""'""" 
tbq L7.bulat ql><l)' pr<>t"'-'« 

tnf lra.,pooeot ftt.. 
tri ,,. ..... ,.uctur«i m .. 
1.>:1 lc>tno.J data 
vie ouppott too multiplc w.rr .-k.. .. 
vrf virtuo.J fM ouppofl 
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A~ ........ ,-o,,.,.¡.....,, o1 pori<><_.,.."' '1"...., .,.. pto><eil.e> rot 
,. .. , .... ,,.¡ "-<~•Looo "'PI""' ... ......,,_ Thi> -· ¡, dl....,<d .. 
pooplo ~0o d<>l~" w<h '>'"'""' ond Plfl<ft..., ~ho ~ -~ ''''"'" o.nd 
"""""''"" ....r "bo ,..,...,. oovnllllkl<ro In •~ith ,....., .,., ¡,......,!. Tho 
....... """ <itod ¡, ............ .., .. 1111 ............... loc!INII"' l"f<hoiocJ,· 
""l .. .,.,ioaol brlot.>kw """~n, lalorOUIIoo .n.-, = :••"' .O. 
.._, ..._,., !.<k-ao<, '"" ......... oli><tpiiM>.I'er!--.r kt..-IUIIII> 
.... """~" .... u~ ........... , ... -., .......... pro< ..... lot ........... ... 
.&o<i•Hin >UPI><"1 .,. .. po..,l>ll¡· ltr<t>«<. 1!. n...m ol .,..,. •h<r< oddl· 
llon.J r ..... uch o¡>ptan .. ,,¡..,. "'' ......,,¡,,...¡, o.nd ..,..,....,,.,.,.,...,Ion> 
and ini"J"<LOI- .,.. ;hoo <on<~ bol~ .,.,.,,...,......, ofiOO'Io oa4' _,......,,u...,.,· '( . 

l INUOOUCTION -

T llAT lh~n: i> much inttr<:U in p\annin~ Wld Mci•ionmakin~ 
oiiOfU lo dtlCrmi~ dlccli>t pubijo and pri•a~ sector poli· 

c:i<> io mOlde evidenl by thc: numbcr oi rttent 1<~11 and case 
01udi~ dC'I·oLOd 10 lhcK topia [l~ [4~ [!31 [18~ [20L [21~ [44~ 
IHJ. 14SJ. rs tJ. rao¡. 1841-1861. tM:. r 104~ 1 10n l1tl!J, 1 1 >4~ ¡m~ 
[139]. j\41). !1~]. [11!). [17~). [l~S). [!12). [119]-[!21). [237). 
(243]. ll8l]. 1293], [)1R)-[320]. [ll4], [359], [361]. [363]. [377). 
{3~]. ]397]. [398). [~00).]412]. Thm In port. «>nccm lht numor­
ouo oomple>.ities •••odoled ... ith pnoll ... t i•nplomcntoliom o/lbc 
•~•ulu of sy••~mic: d/ons for pl.oanin¡ and d<-oi.Jioll .Uppon. 
Advancto in dili•ol oomputer ~e<knolo&Jr couplod •ith ildv;~.D~;CS 
in 0)010 .... ocima:, 0)'11"""' ID<'IhodolorJ ond dcsi¡a, and $)'IICDIS 
m:uu¡emtnl JUUCSI ntension of lhc inlonn01ion Dnalys\,1 and 
di>plo)" capability pro•i<lro by DlDt1&¡omont inlormalion sy>1onu 
lo indude inl<l]>retOiion and or.¡rc¡ollon o/ lnformolion lUid 
val~~e~ sud> as 10 resuh in dccúinlll suppon >ylltflll (DSS) or 
p!3nnin' ond dotioion oupp0<1•>~•ma "lbo:n io a powin¡ lile~ 
ture in thi.s aru (S]. (36). IJ9]-[41). !.76). [86). [ 1 LO). (IJJ). [ 131). 
(224). 12261. [!21). [239). (l40], (255). ]109], p~). ]3$6).[lb6~ and 
lhis indieales much conlemporary inloresl Dt1d xlivily. 

Thcre aro a numl><r of «"qui«n><nl> /or dooi¡n o»t«Ss ,..;th 
""'r«i 10 sy>lenu /or pbnnin¡ •~•' Jocision ouppon. Tbeoc 
inv<>l•< a rorui<krabl< nnmb<r o/ d1.., iplines. Thc resu!E o/ nol 
mal. in' •ppropriate ...., o/ pcninrnt eonuibutiooo fEoat a nuEnl>t:r 
o/ diociplin"' io th< de>i¡n o[ I)"IORU for pl.:lnnin¡ and d•..:Dioo 
oupp«n is lil<dy 10 he a l)>l<m N p...-.:cu th>E is doflcitnl in 01>< 
111" mo« im¡~<>rtant woyo. The purr<>s< olthis dl<>rl io lo discuu, 
lr<>m o S)">l<nu <niÍ"""fÍn& p<<>p«li~. so~m o( tho rnony re+ 
quirom.:nu /or dai¡n ""'<"CI.I in tbis ~= 

h is poMible 10 dis:l¡&«l>l< pbnnin& ond dcrillmm.ll.ln' 
P'""""'" into a nuEnl>t:r of >lepo. In e»<n<e, thoy a« ptltJ>"S"IUL 

~!.lnu-<ripr r«<Í"d Apri! 1, !9!1: <<Vi>«l '""' ll. 1911. Thi• •·ork 
~-... ••Pf>''"<d U. 1>4<1 1>)' tilO U.S. Olrl« of Naval ll<Kor<b u<>olrr 
C"~"'"'"' 1'00! H'II·C.()~l. 
• : ." P. "-'v o. ~irb r11c [lq>>rtm<ftl o1 ~-rina s.-.:- ..., s,~..._ 
t." ·''"'')el Vir¡iai.a. Clwlott<>.;¡¡,, VA U901. • • ' . 

lu~Utistic crtO<II -.hich in1"<1k 1hc cutin: >)"'lrrns m¡jnccrin¡ 
proce" (JOL [-!JO.!~ (J07), (JO~] ud <;>n. th«<IO<r, be d...nbed 
by :m y o/ o numl><r ollr:crn"'"'b /or 1)''""" cn¡inccrin¡.sucb 
U th0 thrCe-<>r thc: ICVOD·$l<p fr;>ntOII'Qrlr. ""hich ¡,,..,¡..,.; 

1) Fosmub1ioo o/ !he: imo:. e ' 
a) probkm <kfio.i!ÍO<I (dctermlnati< a ol needs, <O»SltaÍIIII, 
• oltCroblcs) · " .'"' · . 
b) volue oyol<m daitn (detcrmilo.illoa · ol objecri..,. añd 

objc<ti•·cs m•••ures) 
e) S)"'l<rn ovnthesis (idontilkotion ol pcwibk declslona or 

acu.,., ~...-nativa 4nd mcasura of the &Q;OmpUshmcnt 
. ollh=); . 

2). Ano! y,¡, o/ !be iosue.. .• 
d) J)"r<ms ~t~al)'!i> ond modclin¡ (~etrnnínaúoo of !be 

IIEUCtu 1c ol rho doei.<ion •ituotiOD, thc imp.1C'* of idcnti­
li<d declsioru ot o<lion oltcmotiY<S·Itld tbc ,.,.¡¡jvity o/ 
tho:._ to posoibk chonr.c in eonditions) · · · . 

e) opllmtt.:llio<E or rcfi""PI<IIl ol.oherDOti"" (:ldjusunmt of · 
patlftK"IOtl or aetivitia o.udt rhl.t e.xh identil"Kd dcci<ioa 
is thc be>! p<~U~bl< in a«ord- with tbe wluc $Jitcnl); 

3) lntcrpmotioo ol thc i!>uc • 
1) eva\uotiOJI ltld docisionm:Wq (<:teb pouibk declsion 

ohemotiYC lo Cl'aluotod, priorit.W:d. 1t1d oot or · Jiion: 
altei"OIIti..,. on: .. l<etod ror inlplemmutioa action) ~ ·.; .: 

¡:) pJonniD& for a<IÍOD (tofiUIIi!fiKOI of ~ an: .....S0 
&Del implanr:DUtiool io aa:ompb"sbrd). .. :, ~ 

Janis ;cnd Mun 1 !77[ ho~ ldenlifE<d • f0llf·IIII$C mocld of lbtt 
dccisioonukin¡ p~~XC!!. l'i¡. 1 p.....,.u a sli&J¡tly modif!C<i ,.,.. 
sio11 o! Utio..dccisk<n proo:ss modt:L We Dote tlu.tlt c:ooWnt lbtt 
sorne =úol ••<1" invoiYCd in llK oy>t<mS (Jrajr>eeriA¡ ptOCCOL 
or p>rticul•iial<lnl •~ lbc quntioos aslN 11 cxh Slcp of !be 
pr<>< .... We •ill clobonte upor~lhis modc:L :md olbct EDC>kb of 
thc d<ci<iclnmokin& proce>J In ""' ofloru 10 fllllow. , 

COfllp«"bon,.;v< d/OriS involvin& de<:hionmokin1 wiU bo C0111' 

plex beco.....- of tbc: man)" dileiplin<'l and """'' ln•·ohcl os .... n u 
.......... or tbe subjecl nu.tl<r itsdl l'rd>:lbly llK /ormolstudy of 
decis.ioctm>kln' r.rstl><po •ith lbc nlionol«t>f>QO>tÍC mon c:oc>­
<epU of tbe l&th <enl"')" m.lbr:fDOti<:io"' Cr.....,. ;cnd lkmoulli 
,..ho e•ploir>ed the St. Pctcl>bur¡ puod<>L SiiKf thm ibc•~ haYO 
b«n mony "orhrs from o IJfl< numberol dis.:iplines •"be lu.""' 
bccn conoxmcd ,.;,h vorious l)"p<S of declsion.,:lkin& lludie> •nd 
tbe pfl>\úloo o/ =i>l>n<."C lo cnhancc rbe utldc!>l>EIIlin' of 
•••iczlal< r,... plvu ond d.._i.>ions u .... n "'imp..,.......,nu in tbe 
dfoci<t>C)". eflccli..,_ and «LUÍIJ of tht raouttt alk>c:llioas 
tllot cort>~itat< plunin1 >nd d.._;.ionm>tin¡; · • 

C<>nl«nporoA choi<eEn:ikini issun in tbe puhlic and prinle 
"'<1<>< are coonpic,, <Mtain nn>.:b un•ertainty. aru.J"'-qui~ inpuu 
frun> "'""Y- .. .,..¡"" /or /u!L undcnlondin¡ ond ,...,lutiorL_ ¡..bny 
•·rit«> t..~ indicatod bOIIndN rotion.olil)· Limih in dcci<ionm>k· 
in& thol "ould •PP:"' to mUe provioiton of infotmoúon >}~.""' .. 
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1) Sv••••'"~ 
"""'"""" 

n w••;nlng .,,.,.,,; ... 

t 
1) "";.,,.,, ... ..... ........ ._,, 

. . . 

fORMULUIDI< 

• 

• .. . . 
odju•·anu for d>oi!X11W;ia¡ _,.¡¡,..ty ""'Y desirable. Sud! 
pl&tlnin& and deci>i<m 111pp01t '>~'""" muld, ia prir>dpk, pro. 
\ide d<ri>ionmo.k<n .. ;Lh ropid ,_.. 10 1hc lnfOJllllllion •Dd 
kno .. iod&< n....:l<d 10 onhonce dcrisioo q110ti1y. Uofonuno~ly 
!hU. promisc of mh:u>.:ed d«isioo. qw.li ty h:>s not alway\ ~a 
rul_iz<d in proctiee. ~ are, d01>btlao!y, o nlimba ol roll>iúw 
/acton inlúbilio¡ 111< pot<nti.>l brnofiu po..¡Dle fmm h>f!lliii.O tioa 
>yll<ms for pl<lnnlng and doo:ilion supP<'f1. Princi~ omon¡ 111 ... 
fac~<>n ...t.¡rn, al P''""''· J>OlC fundamrr:uallimiu 10 inlonn;otioo 

. • l}'>lcm 1~ appc:u ID be 

c.:_ ·l) -H,. n=l tO irutirc .i.t..Lonti,.. or input-o,;lpul ro.IÍon:lliLy, · 
•. su<h thoL ••·alu:uion:; o/ plan.~ ond dcci>irms are •mdi~; 
2) tb• "'"'" 10 iii>U<e procCSI r:IIÍ<>n:~lity, sudJ tho1 Lhr inlot-· 

nl>lion >ysl<m O<"Wmmodal .. lh< cop>bililios of, and the 
• consLr,ÚnU plaoo:l opon, lhe u>er; 

)) lhe no.:d 10 undcr.,<>nd ond ropc whh hum.., mgnhi"' 
lin>llationo as Lh<y orr,_¡ lh< Jormublinn, on•l~sis. •nd 
inl<rprcla!ion <>f d<•:hiM situo!ÍOO> and ii!Lern;ni•-c•: and 

4) thc »«<! In Ur><kr>LOlld ;md in1cy>lc tk< norm>LiW e>r 
pr<!.Cripti•·e rnmroncnts "·ith 1hc dc,....;pch-e tom¡>OO<nts nf 
dcd,k>n •ituotiom in nnlor 1~ owrko rooHs!ic ad¡uvonLS l01 
!be fnrmu!otion. anoly•is. .U.d imorpro1:1tion ot dcci>.ion 
npflons. ! · 

·-·-., 

' .1 " . -_ .¡ 

i • 

1 .. . . 
Thi• ~ J>le>"~lll ritrvcy, JUIIlJ repon. and i111e¡ntioa and 

intorprnotíon o! useard> from 1 divenlty ot oras thlt ...,pporu 
tk< dosip ot inlorn\;ltior! I)'Sitnu c;op.t>lc el copill¡ •·ith lbc 
J>mi, and fu~ul JimiLS lo illlpi'O\"Cd jud¡me>~L Wt <ll>aw 
and describe . 

1) 11>< ~,;.,.. >tylcs ot deetdonmllcrs; ' . 
2) iJidi,;duol humaro informaúon P'"""""' In dedslon lit.,. 

tions Md biues in th< k<¡llilillon, ..W).U. &lid IDterprel .. 
tion o! lnfonnotion: · _ 

3) dcci>io-n nrleJ fur inJividuol docilion dlu•ti<>J~~:· _ 

_ .. -

4) rnntin&<<IC)' t.ul llru<lunl modeü ol ~- JÍIIWiom; • 
lnd . . . • . . •' _-, 

S) deá>"ronmokin¡ fr;r.me-wÓrkl. or¡.uúilrcionaiJCLÚIIIJ, 11W1 iD-.: -
· lomatiDA prom..lnJJ~ poup ~.!l_'l"!'4;1_ti~ decisloll· 

• shuotiOJLS. ~ '· · .• , ·:· .··:' 

In a ;.._.'Y,;~;·~- lbc ·:tru<t~~~ ~~~~Lion,· ~,;.;..'V;;.~ 
!be prineípol portioa ot tl:úo eltorc. IL coni<Ün$ tbe b._,;., drr- . 
cisionrn;U.in¡. paradiyn. indu<lin¡ o<lion ><I•"<Lion. The con·. 
tinl<n<)' L.ul •truc:tute. "l>i<h """'prisc• tk< iuue 11 han,J, lhe 
cnvironm<nl into •-lrleb tk< i,.ue lo imb..'d,Jed, Lbe dtc;,.jonm>krr. 
ar>d dccisionm>ku <>p<"Mnti>l fomlT,.>rily wiill Lbe i»ue · · 
environmcn~ io 11>< d~tcrmi~Unt of rn¡rtiti•·c ltyk · ~rfor." 

¡· 
' • 
• 
' 
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"'"""~ nb)O<tiYC> for th< PJ.r!kul:u ta.\" h.uwl. Thooe, In tum, 
innuenc~ >ekctlon ol an infonn...tion prtltt'l>in¡ ~pp¡oach and 
.. toction ol ~ dcci>inn NI<. \ • 

Tho htcr~lut< in thil orto i> """"""""- Bid thero b lhe n«d 
lor crlorl> 10 in~u••• it from lho p<npccbve ol 'Y"•ms en· 
¡iM<rin& oklóp¡ ol inlormoli<>l> •y>lnru lo>r plo.nni~~& >nd deci· 
oiot'l >up¡>Ot\. Tbcro .,.. a numl>er o/ ra:n\1 ~~ ovnilob~ lhat 
di~ .. onc ot 1 limitod n11mbcr of 11>< \Opl<:> lmpnnont fot !he 
dc>i¡n of ploMin& onJ dcci;ioo Wpj>OI1>)'>!<Jnl,. n.o,., incl..de 
U... """<1'> o/ lbrron (27~ ll<nb=t ond T¡¡ylot pS~ lkum:u~ 
[l7), Cr.>ik [b7]. Dunnouo (17~ Qnhom, Klcinmunu.. and 
Kkmmutll! [9S]; Enl"'"' ond ll<>&>rlh [911~ Erio.>Cin lltld Sirn<>n 
[99). /t.unm<md. Mr(1dl:>nd, >tKI Mu<npg•"Ct" [142[; llomtnond 
[ 14n ll<>&•rlh [ 1S9~ H<>¡:u1h •"" Mokn<l>lh [161 ). lohMOA and 
Hub<r [179). Kassin [ 190~ Kcet~[19J), J.ibby >nd Fiolll>urn [11~~ 
llbb\' >nd U,....-io ptn M.intl.bcr& j!4~~ NiW<11 and Ro.. 
p6-1~ :O: un [2bt>~ Robooy and T •wn (:!<1:!~ S>1.0 al\d WhiLC [304~ 
Schncid« and Shiflrin [l lJ~ Sl<n>c and t.>:h!crulrin [~1~ Slovic, 
Fóshl>oll. :ond l.idllemlrin [3-41): S<cns<>a [:l6S~ :nd Zm\ld [41 S~ 
Tbis •or\ altrmpu a- ><lect.i"< int<v>tion al thi.> Wllunll...,.... 
lit<u!urc ~nd <alcrWons :llld inl<rp<<t>liolu oi il '""" oh.; pe,.. 
opcai•"C o! ullimotc poocnriol we/uln..-.. kl< tho dcoi¡a ol iniO<­
""''""' '}"'l"""' for plannin& :llld <la.-ioion wppon. Gcncr.lll~, 
rdcrcoce> = prm-ickd only to J'l'bli.b<d lil<nlurc oi tbc IU1 
11.>11 doca& •ith li.mited rclercn<a lo nrlia ><mioollittnlure 
and roporu. "This"""' fch de>irable in cinkr 10 li.ml! tbc rtfe,..na: 
li>l to on olmos! m.>.na&<able liu. Oc..piu: our aucmptto mol<< 
!bis repon ~rthon<i><, it doubll.....t~ fails to iilcotponte tho 
importan! conoributi""' ol a nUll:>ef ol authon. And lh<..- ..,... 
dotJbtk»ly uninL<nli<.,al m.iunributi""" and nili.lnterpmalions 
u "cll For thi.> apokJ&ia ue of/<rtd ~ rcq¡..,.,.,.. '"'l"""l<d. 

u. CIKl~JUVESnW • 
' lt ¡, b«omin¡ in<tr:l.lin¡ly dcar thol il io nccnoary !o incOlp<> 

role no1 onl~ prOOI<IJl ch.>roc"'ri"'"'• but oloo prOOkm .oh"Cr ot 
dccisionm>kcr char.L<..,ristics. ink• 11>< ok>i¡n of inlormalion ~)S­
!<m> lor pl:mDinz ond dcciJiM '"~pon. A dcr><ic~><.-y in ..,,. 
pasl dni¡n• hu b.:rn 11>< nczl..-. of 1hc human dccósienmolten' 
role ond cb.or.aclaistin and lhcir .-flecl>.. E>sen!iolly oll avai\ablc 
evidenn: ougr,esu thot prOOkm ch"o<1cristics and u..ocr charo<tor­
iSLics innucnn: lhc pi:IIUiiJII W á~ice ""''<&ics adopled by tbc 
d«:isionnWr.cs. This sc.:!ion discus,.:o a n11111bcr of co~f~Ítive otylc 
modcb from lheo.: P<"P""'¡...._ • 

M=n :llld Milrolf ]218[ h:tvc '"f.Z"'lcd that each•pcnott 
po....,.sn o patticular •pccilie p>_,oholosi<ol Cfl¡nilivc. >tylc or 
Mp<:r>rnoli!yM and !ha! cach pe...,nalily lype u!Wus· info:moll<>n 
in diflncn! ,..~Y•· lo 1h<ir rc><orch <>n 1~1151 Ri;IRO&Cn><nl lnfor­
motmo ·~·>trno dc>i'n. !hoy dalm thal on inlotm:uion >}~le"' 
coJuósu of a pcr><m of a ccrlaln p•y•·holu¡icol lyp< who ¡,..,,a 
prohlom iil >O<J>C cr¡onitolionol <Ml<>l ¡.,. ,.·hi,·h ~~e<d..o.l ...,.¡. 
dcncc te ...,.;ve al a solulion U n1adc 4<ailobk Jluou&h sorne 
mode of pr=l>tÍOil. . 

Thc«' are n .. .,...nliol v:uül•lc• in tho lnlormotlon oyllom 
d>ar...,lcriulioa ni Ma...on anJ M\lf<llf. ro.:tch ni ohc .. ..,.. dis.>.&· 
!fCg>l<d into ouh<kmO:<>I'- MU<>to ""d ~1itrolf chorx"rl<o 11>< 
P•.•·•-hDI<•.(h"lll·ty~ ~drldhl< o><:..wding 1<> thc lunPon '"rc~lyp<>l• 
"!.Y· In lhi•typolJII..<". p«•plc di/1,·• a«wdin¡ ro 1hcir rrclcn:nec. 
fm infonnalion a<qui>ilion and ."Uialp.is ond th< prdcrrcd op­
pw:><h l<> inl<>nn:llion .-.·alualioo .>nJ illl<"rprctOlion. Al<,lr<lll<> 
in ,¡.., inlomution ~-.¡ui•ilion din:..·,..;,,, an: "'noin&•<><Í<:n«d or 
><:tu.:uion typ<> ,..¡,., pn:f<r dci:Úkd u"di·>INC1ur<d pmbl<nu :tnd 
... ho lo le pr<cis<: I"O<IIir>C l:~>kl. a<>J in1UÍIÍ<..,...ricntcd typ< p<"<Jplé, 
"·h<> Ji>likc pr<ci>< r.>utino >ln<cturc.J t:~>b and p<n·dvc ;.. 
"""" "hnli>ll,-oJly. Al "'""""' i> 1hc lnlnun>lion O<">lualion 
dim<n•iM ore l<clin¡·orkn!cd r•<>pk .... ho rcly on «n<>lions, 
oi1u>IÍ<>1Uhlhi'"'- o<>J ¡><"""">! <:!LS<> !n m'lin' dC\ioions: ar.d 
lhinlinE-·<><icnt.-d i<>Ji,iJuab. .,¡,._, tol~ oa imper"""ol losic>l 
orgum<nl> in rcadtin' dcdoioru. 

M,.., ond Mitroff cb.uoctnl1c ti>< pr<IM...., ""rl~l>k inlo 
olructun:d lltld U!I>U\Iclun:d problc,... n..... may be funhcr 
dividcd in!C dcci......, un.kt conalnty. doci•i<>ns undor riok. ond 
docioioroo urultr UDCeii>Ínly. The fHI"nJ!Qtif>'lDI ""'"~' ~oriablt Íl 
chatOSI<rilcd u <U&tqk plannin&. moup.emcn! cmurol, and 
~rotionol corurol. Tbc ~tttrlocJ.o{·n·iJo.,.,..Ff'.,..,,;,. cnbk 
lnvclvn fivc typ<t ol. lnqulry oyolorm: lh< dol4·bO>cd 1..«\o:ul 
inquiry <)'SI<"'· 111< mod<l-b.ucd L:ibnilli"" inquiry tyst...., tbc 
mu!tipk modcl·boxd K.uuian lnquiry •Y•ICITI. 1hc: coi>lliotina 
modcl·h&>cd H<1'Ú-'n i~>quiry oystcm. ond lh< k.unint oplet!l 
b.»cd Sin&crion-O...rc!unani>.n inquiry O}S!O\n [2S4~ A r.l!b 
v.ui.>hk, ...,.¡,. o{ ,....,,",;,.,, iocludn pcnonolUtk meda· of 
prCO<nl>lion outb U onc.ut-cnc con!o<t., in~'"""" >nd .u1 o.nd 
impc,.on>liotic IIIOdcJ oudl 1$ obsu.lct on>l)<kol rnodcls o.nd 
C"Omp:my repono. Tbc10 lona four vari~blct do 1101 lnrmodly 
n:ble 10 co¡nili .. >1yla.. ond somc lurlhor COJIUfiC"fl1"" lhcm is 
con1>in«i in 01ha prortioru of out cllort. A number ol •-orb br 
M;oson ono1 Mnro/1 and tlocir collea""" ditclm vorious .,pecll 
of tlúo -..l<p>riuliorl t2S2Hll4~ 01 inl<= in thiJ rtptd is 1 
v.-or\ by Ki!IIWill (liXl) v.hicb Wf,ZOII 1hc: de!.i¡n of crpm.a: 
tiono •-ilh lh< Jun&ian pcrson.a~1y chorx!aislics of individ..ab. 

Amor>& tbc ....,1 01hcr >1udin ""hidl h:tvc clllph>slzcd tbc 
ncN 10 incorpouiC d«isioa..W.a ch:>r.oCiaUtics iniO ¡,¡.,..,.._ 
ti<>"" >)~tcm doi&l' b lhal el D<>kt"' and Hom.i!t"" [71). 1bcy 
oludicd tbc illllumcc ol copilivc slylc on 111< acccpWI<t: o/ 
.,.....,....,..., ~ toaommcndaticno and lound • "'""' cctT<­
btion be,,.,.., obo dccisioii!!W:,.., copltr... style •!Id •illi......,. 
!O aaxpl tloo.">C ........,,..nd&tioaf.. Tbcy found tbat dif/crmct>;.., 
u:tt¡o1.....,. nla ,....., d11< fiCI ollly 10 diff<rmctJ in cosniti.,.. 
ll)"k bul oho 10 diflcrtr><:n ia thlo subjcc1 populatioa. from tbiJ 
and many othc¡ in<"COtiptiotU [)4~ 11~~ [77]. [1'1L [IOIL [I~IL 
[lb6~ (174L [229~ [2Sl~ !2511 (l6JL (1671.[2681 [JUJ. [1JOI, 
1)69~ it oppc.us th.:l! oppropriolc a>nsidcraliM of 1hc: hWn:lll 
bcho1icrol •ariablc ol cosllili"< otylc U ......,. accessuy for ...,. • 
ccuful dni¡n of dccWoo. wpp<>n I)'SL<ml. 

A numbu of ouodi<s o.ucb 1$ lhoK by Taylcr [369J. Craik \61). 
Poyoc [2n~ Sch.ncider onol Shillria [111~ [111) and Simca (3-42~ 
indic:.tc, u woo ...;u di>aw in laocr ...UO..., thot human dc­
cósiortmol.m ouempl 10 brio¡ orda into tlocir inlonn:tticn 
proceui"' or:~vitin wboa confroal<d .,..;lh uces~ infe~tioa "or 
lhc lor:k ol wlrl<i<nl informallon. MOJiy urly tlud;es 201umcd 
lha1 11atic li•cd poucmo o1 dcolin¡ .,..;w inl""""lioa -~ -p«­
lcrml• b)' t/t( dccisionm:tkct ler 1M pro=> Or apcriCIICinj tbc 
werld. :tnd thcoe orcrr rcforrcd te u Mcoptili>O: styk. • Somo c.uly . 
11ud~ vicw co¡ni1i<"C st)!c oso rnodc oi functloni"' lhat U o10tic: 
ond pcrvosivc Jhrou&)M>u1 • pcooa'o pcn""Cptivc and ill!<ll«tuol 
IICIÍvilia. A ttumbtr ol in!ol\cctuol pl"CCCS>CS .w IUboumcd .,.¡¡hin 
lh~ l<rm cosrt.ili .. >tylc. Thc>< ..,,.,.,.., the way Íll .. hich inlocma­
lien is :u:quircd er locmulaltd, 1tu!)"Zcd, ond iarcrprc!td. Th110. 
co¡nili"< >lyle ind<>dco ow:h human ac1intiC1 U inlomulion 
lillcrin¡ ond poucrn '"""jnitiQrl. 

Zmud h.:u indicoocd 41~~ [~I~J lhat lhoiC indJ,;dua! dif· 
lc<tn«'' "'"hi<h inllucnccln!otmotiOIII)>l<m......,.. """' ''""'&IY 
in>olvc '""'ni1i .. olyl•, paoonolily. ud d<mo¡.13phic/situaliol141 
vorlobla. Co¡nili<"C olylc tclon 10 lhc pro<"•"" b<ha>'lor lh•l 
lndividuols <>hihil In lh< formulali<NI or a<quisiti<m. anol)">io, 
>nd inlorprclatiruo ttf lnl.,rnrotien ot dol<l of l"""'m<d va\uc fot 
Jcchi011makin¡. D<lllbllcnly '""'nitivc stylo ls so"""'ho1 i,.. 
llutnL"Cd by "Kh p<t>Oll.llily voriabl .. 1$ dot,nt>liom, inUO<"<f• 
1inn. <>IIC<~nion. ond l~kto""" lot on•bi&uity. 110\'n"<f, Hule. 
oppc:uo lncwn conccmin& lh<l< inllLS<ncn. Gough di>cusses 
p<r><>nolily ond p<r>Onality ....,.,m<nl in hio ch.:lp1er [U[: bul it 
ós · rarr le find, <~ilh SOnl< Mlabk C1ctplio<u ]N~)-[ !S 1 ~ [JJO~ 
pn¡. [J5l[, dil<\\»iono of Pmonoli1y cll"'~ upo.>n dccioi<Utn•ol.­
in¡ bcb<i<>r in cagnil>on >ludiO.. The d<nt"S<•phic¡oiluolionol 
•·ariob\¡ .. invl,'l>< pcn.on~l chOr:u:l<ri>lio wcb as intclkctu:ol ;tbil­
ity. cdw;alion. oxp<ri<ncc \\"Íih ond k"""lcd&< el spccir.c con­
lin~<ncy IO>L'- o¡e, ond lile lik An impo.>tl>nl >ilualionol , . ..,;. 

· ablo io lhc lcvd ol .,..,., onrounlcr<d by thc d,.Uionmal.cr in 1 



·J>d•d '!'11 ¡o lo. ""!l"'S »s, 

·UJ,>l¡,!' >Ql JO "'"I~JW f <p¡ 1>0JIOIW0jUJ JO <!f.(["UO pue q.>J;>< 
"P'·" 1 .\q P~'""''"4' "! q~¡q.\1 '>1~1' l>¡dwoo >'11 ~ <11 !')W>j>J 
.(oq¡ ,'!)!4-" 0~\1< l(ljg O p;>i<Mn< O<jO p>j'{ p<IO J>.\¡JQ 

, ' · ·...,¡.(p.\jiOI:U "'" ><->~n 10'11 <>IC:>¡pu¡ 'IUOW 
-nmu¡ '"~'"""'"'""1-'1< <I'IDJ'IA Ju01ue suo¡¡ep.u<» ¡o 'P"I' <N 

. _·.,~·""11 "0<1.(¡ >¡~.(¡...., o•q• <mnd•••• u¡ .<l!l!<i!•>u JO~""!"'~' 
41!-" P>I'J>>uo> "'"'" 010 puo o.>d.(t >!1·(11:110 >41 0141 UUJIOWJQJU! 

.t<>l >'i" S>d.(l '!I'!'"'H -..d.(¡ ~!1'!'"'4 op 11t'4l 1u¡uue1d u¡ 
~our <¡001 >¡~(¡euo J;'ll(l" pue •mndwoo """ Ul pu>i o¡diXI<l Jd.\1 
3J1Áj0"" 1041 -'11"-'·'UJII >I"'JPUJ <IIMOJ j<"!U;>Wfladu '!H "UOJ<U>lU 
•jp '!"fln>q-~Jll(l<"" "'11 P"U!WUJ oo¡e ""4 [6H(J !'1'4J1Mio, 

' '-nw!fp>p 
>¡ql!l~ -'ll"!lu.>iod ¡o >;>qwnu o lJ!'""P! 01 uo~OWZOJUJ q.inW" 
Utl.J\IA UO'liJd MI)OJ,Un, Uy "UO!f!-»P>Iqeld.u>O :r¡iU(f. ÁJJlUJP\ 
01 nzod>J ><J=<i pM¡<Mu¡ luo¡ WOlJ ÁOM qjnoJOljl. UJ P"UJ"IQO 
O>IJO '110¡11:1WOJU! q>nw sn¡¡¡¡n "'l" """ '! uou>d >¡q:ueJJJI[ 
y "'StiO!f!""P "'<IOI<b3>e .([!I!)!U>l<.>IÍ ¡o J>qwnu 1 -'1!111"!'! IJ!No 
O<[ ... lnq UO¡IOIWI>JUJ WnW!"JIU <JZj[J1A "4·" JUO <j U.._,Jd Jl<l!"'U 
Y "110f1Jd MJ'!-"'P >41 JO >ji<)IOI:•I:.Otl·' O tj 'Siro<l>> [t:<¡JJ.\ UJ]J<> 
•.(mwwm U04< WQJj p:!UJOIQO p.\,)[f< OI<Jj<J.'-'0 "UO~Jp >¡qe~JMo'. 
>¡1o¡! 1 .')!ln:>pj .(¡>~!] lJ!"' 04M ruu_ UO!lOWJOJUJ JO IUMWO 
>¡q_mod wnw¡u¡w >'!1 »< 01 S>lf'~" oq." 0<1o o¡ """'"" ""!'!"P 
y "!)OJ!S>p U<>jlruLJOJC! JO IUnom~ >41 pu~ UOJ!OWJOJUJ JO ><n 
~41 U! m>OJ JO ~tiJp 31!1 ~<¡ p.:>U¡WJ>I>p-~1< OO~!"Jp JflOJ 
~'U. -fu~lUUO!"!:>.:IP JO) ~Ll!U"!l~l >·'JOA" 01 :un¡.:m.u< llu¡(pop 

· -lln·,put •dN<UOJIOp• ~""'""' ><>J q>to·"' U!"' P"" <¡opour Jl'>!!ot 
, ; 1>11lfq11 >t¡¡¡¡n ll~" 110<1.><! >jl.([~Ue UV "OitOJ"?"P 4>0;).1 01 qJOUJd 
: -:<!0 .)JIIJIO'I-" • Jl"' '1qjno4( li:UJUO.' '""""!';>dyJ !'"d 'uOJI!fllU! 
.'.nrl.n!-t UO'll;>d >¡I"!Jfl>q y -,p¡lomJUJU! JO :ml >'11 U! 1!'1!11"> 
·A::II(I!<'!l1u!nuo¡ ¡o ~>p >41 puv >l"n 01 P""l .<oq1 ""~"WJ<>JU! 
JO ¡unow~ ;n¡l 410<1 01 fJJ'!"WUO]<p.•p JO :un¡.1ru1$ ¡on¡d.>Jlii)J 
>IOPJ, 01 [Ul[ UOWJÁnH JO ltO!I<'Z~>po>eqo >!)o(¡o01!-Jj1<!Jn>q 
>41 ui>dn pmq OJ[Á1< UO!"P"P Jfl<>J fO 1>< ~ '.(zo;n¡¡ J[~I<·UO!'" 
·f»P p>do¡>up [¡:8] ~J<II'\1 puv ••·•)1\! ·suo¡p 10410 llucmy 
-1 ' .,.... 
-pod,. n 4""-' <>¡qr;ro~ A::luJ~UJIUo.• -'" ""!"""1 i.<u o!tioqo 01 
l»fqnt10U P'-" 1U>puJdJp ~~ lOU <; :¡'il< >AJ)~ioo S,[OilpJAJPUJ 
""1~ S>Wnsn >¡.(¡o "'!,1fU10l pu• l¡";oou><l 'iu¡A{OJIU! 4"'"''"' ><ooo '""'!1 ,....., "'!'><"' ~IJ>OdOJ >A¡!~' -,, 1VI{l own<n 01 uooddv 
l>ft-!d ¡o '1-'0M 31!! >/!11,\\ -uopn(O! ""'!QOJd pu11 1qjnuq¡ JO) 
IJW<l ~ fll :>:IUO!J:>d" [t:llido:IJ.Jd IIO 0100<1 <:ljpJ JO"{IIJ41 .,>)JJOUUON 
01¡1 """'4·" l~fl"''l ~I<<¡U JO o¡q •<le> '! lO"{IIJIII ~JI'WlOJ~ 

•><¡l 101(1 UJ 1'!UJlUdO¡.M:!p MJl!"!OJ ~"!AJOAl JO IUflOJ>V <,I>'.IO!d 
01 Je(jlU¡t 1•~··•:11000 <j ljliJ. "f!Oflp)Ajplol ""''""" ""41 UOJICfljtAO 
UOJ!CilllOJUJ !OJ f'!'J->1011< ~JfdWOJ :I.!OlU do[JAJp. 01 ptiO UOJl 
·OWlOJ~! ~KIW UO SUOJI>I! ;>SI!<¡ Ol 1"'1-' >d.o "'! '~KIJJJ>I{I 'pj!IONo 
s¡vnp~>!PU! 1"'ll"'Y ·f.(~ ... ~o¡dwoJ U! '-"'Jl<IWOJUJ ~~~z'iJIU! pu~ 
OIOUtulfl"<IJI 01 pU1: UOJI1:11UOJUJ JO .(),'1111.\ l>IO:Uf ~ ~IOJlU">JJ!JI 
01 .\111!<1< ~ .\q P"Z!'JJ-'•1"'1;) ><¡ .\eu! «JU""'Jl«¡y 'f]Ofll'fA!PUJ 
><1:<1 OI;JJJ<IOJ uo'!l ,,..,.,d [Q'I¡d",.•uOJ xo¡dwOJ >JOW ,(1"!1 
•lz'i>IUJ fU!'fl JO J[<¡Odl!l ><¡ p¡no ... <¡or.~~\j¡>llj 100110qy ":II:UOUOJ 
..,.,,,, m>¡oqo ¡o ""!"'""'!Po oo ~"""""""' .<nv'!d.{lt¡ ""'-''"11< ["1\ld.louO.J "JJ)Ifji>I:><!J040 'UJ=xtld UU~OIIllOJU! fOUJUUlllp 
¡cnp!'JPU! ~ JO "'""'""' ¡en¡d.louu.• "'-11 IOl[l •!'~410\L(q ot[l 
UU ¡>m<¡ <IUOW!'•"!XJ P"ldlUOL)O ~\C4 'lll<[ll\0 JO lJqlUl\U y 'f>JI 
-ifl~IJitm(J juj11U'IOJd UOj/CW>OJU! pu~ ~n!:!IU1< ~<VI .(.luo~U11 

-u<>J ·~ JO .\I!'Jjdwo.• 1"1"'"'""'~'"' '41 U.>J.»JJ<[ td¡4•uu¡1e¡_;, 
''" "'1·'" ""!l!"'i<>J 01 ,m,., 41!"' ~''""u<>dw¡ "'l"·'!I-J<d JO 
"I>OI)C>lj¡ll<>p¡ J"-'AIJIUll ~ 01-1-'0JJ' ".l\lljJ<IIru C ll\~41!1'to SUl>[ 
"''"'d p;>n.oru1run 41~• JdOJ <11 ¡d¡uJl:c p¡no." o¡nnp~'!l"'! >!1<! 
·"""-1 r-.-»"'-1• :""'!1"1"' p>n).">IUl• 1u!-'·'~>~'"" P"' "' tu¡ldtumr 
Á<¡<W>]<I<!Jd pJ>nl""'l>lll\ 4:1C0Jdde Pl"•'~ ¡'IYC .(,¡n.•~¡tp IIK>l[l!" 
fWJ¡QUJd p.>.ll\IJrulf·!l"-" 41~~ JduJ 01 ·;qc "'l p¡nu,,. <¡onp¡.,¡pu¡ 
OjiOU!OitiS M"[''-'JM 0.\jl!"lUJ ptiO ~...,ú.-,/ .. 1..-d '"''110'1 UUltiiUUl 
"!l!ll\ </"~I'!·'!PU! >!1<!'l1..'1t "<il<>j)J U••:¡¡rioJ '!>41 UJ ....-JO<I.Id 
J'IIC .-¡.-~·· u l"·'!iuti"'JI•q• ot¡¡¡¡n 'I"""'!·'!P"! >!1""''"·'S "lun•;>J 
"!''''!loo·, t •w•> P"" t•!'1 .\<¡ uonciWQJ-'! 'P"'"' "'1"' >o_'nl<>!l"l<>" 

J~U4l!Kij[C JIOUIO<d I"'JI <dj4<UOJICI·" ~neJ >OJ UOj!OW,OJU! 
q.">JCJ< J>ql¡> "'l" >¡d<'XI 4'!·" ¡>JIC~-•c "-'[.(1< >Ajlru'Jw OJq_UJ.->P 
~m1 1""' 11!"'11 JO UU!IOI)Itlj>lcJ "!l')ln."[-l~ow.,,.~, >'U. 

, ~od \U>u<>dw<'> <1! o¡u¡>(<.i<¡.~ 
' JICioM"'JP ""' kl1[1 10111 u¡ o¡d<>.'<l IU>ru><l>p p¡o~ 01 UD'I 
•!JCdmo.• "! <>!1!1!<1• juunpnm puc ¡c.•j1.\¡ruo JJOtu ""4 o¡diXI<l 
lu.•pu.>d"'"'! Pl'!.:i ·puoo>t~>e<¡ P•<!uet.o O!Jp>do e WOJ) 1>UJI•!P 
to (¡¡ep;><i<> "PI'!/ e ¡o <IJed >m:><¡p "-•J>.>JJd 01 l1~!'1" p.:>l!"'~ 
<j "'"'Ll ·pp~ ;n¡l jO UOJl"'!UO!JO lJOlJ.\0 >tfl (q p.:>H!II!tu<>p 
<! UU1id:l"><l 'OpolU IU,l¡>UJd>p·pp~ 1 u¡" "U<J¡>tt>d,lpu! p[J(/_ 
)O·'!'·'~""" qj¡~ Jte .'i~q• "'"~ 'P!'I·" "! 'ruo~¡lfloo ju!'nPrul< "!' 
"""'"1"' !""'·''"., IP·""' <lU~JJ>p> ¡ow>1U! JO xn ·~•m u•• klq¡ '"'~'"'!·"'>o :o~~¡oue "'"1 '" lu>ru.,d>p p¡>~ p;¡¡~> "" .<>41 
m; 4lJII.'I!. U! ""'011!\l~OJ ~U~OilruiS U! <IU,.J>)J< ["W>tu .(q 
punoq l~'li!l""' .úq¡ '"4"4" 01 b¡pJO>ll! p:>t¡J01>IO> "'l Xow 
l[t:IIJ'I.>(pll\ h<J ppaw >!11< OA~II;tl'ilJl 't'"l pu• JJ)IOQ :>1{1 u¡ 

·¡rnpJAJPll! UJ.\¡j 1 KIJI""!JI'AU! ~~ 
J'UO 'JlOIO"' p>IC~l\ >q )OU 111!> pue "!101< )OU ;u-o .\JIU. 'IIO!'!"'/ 
·~uou.(p • u¡ "'"!1 '·"" ''l"'-' puo [Oilii>~Jdn ~¡¡oJ>uJf ,,. "!1 
-<~>iJOJ04J .-..J'I.i. ·~"'1 >1[1 pue ll'JI'WUOJ<!-"'P >l¡l J""O IUO!'IAU! " 
OJO WJI,_.;< ju¡ .. J-'<>Jd Ul'!l~WlOJU! UOlUnq >tfl JO "'!l<)l>llO,.~J 
"'-'J \041 (l't(J-lL((( IIUIUT$ JO ""'!A 2Uj<U'f"d UO)l011UOJIIf ~'11 
uoddn< ,_,., "''Ll """'!"'"·' uodn ~~~U<l.ll< p 1Jd>p "'"""J ><"'Ll 
'Bu!'1~"'U~J•p>p JO ~l![t:llb >41 'Uod UJ '<>u¡v• TJI>p 1041 '<>Jl\\liUI• 
lJ'"I ÁJuo~UjtU<>:! lU:U>jJip UJ pl!O "J'IS JU •i>A>[ S<IO)IOA ZJpUn 
~uocdo~ itl¡=""d uo¡mwo¡u¡ •.t•"P!''I"'! .,. '! 1! 1•41 :~~<on>q 
''!' JO<¡un,¡ ·:r¡•lf >A!l!"'io.:> ¡o IU!!u¡wm>p .\mu)ld "'11 <! ~~ 
punq )e ~ .. 1041 41!·" J.illl~><IX;\o<,!"np¡.•JP\1! Ol{l f! 1! lcql :JAJ~;>(¡ 
OM l"'ll U!<-...,~\ 0<01.11 1/1!·" lll>liO> >,~ "/o, UOJl:>JS UJ p>'l•n><¡p :>q 
0\ fl¡dol 'UOJIOJn!OW 41!·" U01!0¡n7JJ-J1>< JO) O>[IU pov >'lp.:>[ltoOII~ 
·¡¡>• ¡o 41""Ji' 41!1' "'1" P>W»U<>> .ÍI!tt!-"'d<> '! >H ·potn •:uo¡ 
->.101[1 '~JO U0j)Olll10JUJ JO 1u¡«J.>OJd P'11 UO!I!'!"b>l JO fPOqi>W · 
P"~!id'"!' 101[1 puo uo¡¡.,wo¡u¡ ¡o .-..•uor<rnqo ov 4'!1' popoo¡»AO 
Áj"'Cl ... o¡d()Od 1041 11011111'i00>J 01[1 .i .. 01 'J 1041 ~""'JWOO 
-<>OJ 0,\!l!"'io.:>~ '11!-" P>uJ:>.>uo;o .\¡{l!p><l.o <! [>4>1"!W "PJ'!ttqd 
·w> '! I'J\UOO JO ~ro• 'iu¡¡oemu¡ !uru" "'11 p11e p.:>lU>I"::Ud '! 
s¡onp¡.•¡pu¡ ¡o oon.-z~m••rq; lf<!Ji >!lT:l< ¡o <~<>!10\!'tr~ pur <JSn 
:>ql 1" ""!'""!""' uy ·po'iu>¡["q> ~¡'iuom "" ,;'lu¡11;>< ~!J!-"'ds u¡ 
<tiO]\ljpJJd lO!"t~;>(¡ >¡qtuJ 01 >AJ!OUilOJUJ ÁJ)ll.'!"'J)l\f :u• SU0J1 
·•'!'·'IJOJOqJ OJIC\II~q1 <tiO)IdWn'>t! 0'1.1 111'0] \lJtOIIO<lJd po-o 
\IDjljUiuJ U<>J.,.Il</ OOO)JJIU! >41 JO Ápl>l< f!'l UJ sui¡t [110!"CI{"'' 
""'J 1 JO o¡n:q ;\t(1 liO SIOj< p.:>X~ 0\UJ o¡doJd JO '""!lnJ>01>111l 
1u~npu> !""' co<J!Inq¡me ¡o <pn-..:q Jl'!lU>iod .-..¡1 tu¡m>><!P 
UJ J.\J!<b:u;>d .\lJt"jJ><l<J <j 1"4"'!1'11 -.uOJ•!-"'P itlpPUI pUl U<>!\ 
·OIWUJUJ 1Uf"""''d UJ tJJ1Cut:W JO f>j)jA)\lO 1un>P<'W JO) >0[1~ 
p>l!W!I ""4 po-o OOjld:llJ;>d [!lliO<JJd.JOIU! '11~• S[I"'P q=<OJ 
.(¡¡xo¡dwu> ""'n!"~o:> lp!IW ltql 01ou lHl Jo¡.\o~ pn ¡""'q'"'lt 

"UOJ!OWJO)UJ 'iUJUJ'lUIOO 
lO) f>JIU 1UO""' S1loji:>JUUO:U3)Uj JO nlUJi>¡dmoa P"" l;>(¡~lnU 
>41 'UOJIO~>lllj puo :fJ)Illi'ICJ IU>101Jjp JO""'"' >41 01 p:m'ij<'l! 
"" !!"""" 4'!11·"' u¡ ""''"d uo~<(n.>!l"' >1[1 ¡o n>u><>•J >111 :uo¡• 
•OU!lll!l:r<Tp OIOp WOJj p>IO¡JUI1><0 P"" PJIJO'lY> JO ll(<lnos suo¡s 
·U>UI!P ¡o J:><¡~unu :ll[l 'uO!lO!IUJJOJJ!P 'um¡d;ru>d puu 1u¡,u¡q¡ 
JO »!lf!'>=Jtq> fi'JnPIUI' >»41 <J.•¡o•u¡ >!lf~JIJ\!104> Ál['<>[d 
•WO.:O >.•JIJu'IUl ~'ll "0!\<~n><¡/>jiOUIJld< puo 'lU"!"'o<iJpUJ/IU>p 
-uod.•p pt>!J 'Álf"l!dUio> ""'!l!U'loo :u'i¡<>p w.:nsM UOJltWJOJ"! 
0) 1"",\,"\[JJ <'!IO!'JIJOJOI¡J :r¡,;l< 0-'~JU'iUJ »Jql p>ssn.><¡p >A04 
">¡du•n> JOJ "[r<l "'1<"1 puc JIJJOQ "JJ<>.Il!J~ puv """'1'11 JO 111(1 
01 UUJl!PP" "! spp<JW :r¡,(¡o >AJ1~10J ¡o '"'!"'"" 1 ~·~ "'"'LL 

·~.<¡o M!l 
-~tu> ¡o uo¡¡dopv "'11 ~! D[<¡V!J11A l¡¡¡euO'll>d ¡o >¡o; "'11 .<u~\3 
.Jd<J 'lld.>.>Uo» >jÁI' :MJI!"~UO 01 ">JUj>lJIJI '.(1)10\U¡Jd PJIOA>P 
"'!Jl!lto U<'ll-1!1[1 'UJ OUOJJ> lnO •111 UOJI:>JS UJ P"<f''>o¡p J<[ U\:!'1 
""''S ·•~''"4l<l •·•!l!u'WOJO [JpolU iu¡,~:><>Jd uo¡¡euuo¡u¡"" >OJ 
1ueu<>oJ•'•! .\nop><loo JJO "1'1"!"'' ~ue¡~ "lo. um¡-»s "! lf<!l·'f> '"'"' . 
u¡ til!-" ll"'P "'1 (111'11 """ JO P:>fqn< >4.1. -'luJ'!"WUOJ•~""P ro¡ 
,(,rono,'-'U 111\jlO\WOJUJ :ll[l JU 1u¡<S~'IOJd pue UOJlj<JIIb>O UJ .(¡n¡t¡e 
I,J>'t"!Ullii)<!"JP >ql <>."'>nuu¡ "WJUcd 1u¡tlo::t u JO ""!lduPU 
oq¡ u¡ "l""" 4>JqM 'n>m JU 1·""'1 "'Ll ·uo¡¡tniJI wo¡qo>d o~¡>Jdf 



--... IUO~-ON ........................ ~--·1~-t,IUIU<IIqo !11'11 . : . ' . . 

.. 
• 

·"''""'· '"" ... , ""' 
Ótc""" .. 
••«'"'"' 

""""'-"' 
,.,,._,,. 
·~··"'"' . 

¡¡..., and bioc~rdlic l)JXS. Zml>d 1•151 1= p<rforn'ltd somo u¡itrl­
-nlal Sllw!Í~• of •hi• dcciliOll 01ylc lhcory. HU llndin¡s indleo.tc 
that p<:r<o~lulll cliffctcneeo <lll in&.od be ob .. rvc<l lot opoolnc 
oog.nítl\1! u~·~• ond o.non¡ oubjocll .. ;m d"o/foretn oduco<lnnol 
ond clpcricnlial.bo<k&rCUn<h, H.,.·e>·or, hU rcoulu ttlKI indi<ote 
th~l th<r< i• no oppo«nl n:lotiorulúp botwccn «>¡"ÍIÍV< u)te 
pcr"'pliom ond a<lu>l «>&niti•c bcho1;or dcopilc conoioi<OI dif· 
lcn:nc<> in p<rO<piÍ<>n• o/ on¡<ÚÚY< otyln ·. 

McKonncy •nd Kr<,n 1242] haw dor>e exlonoive lltork oa 
cogniti•c otylc mc:uurcnwnt> TI; • ..., ha•·• bc.;omc, in por~ 1M 
b;uis lor '""''o! ddiniti•·c dlon.s pn~ [193~ (ñ8J In dodlloa 
supporl •ystcm dc.il"- Thcy ~Lu>liz< a>¡rtÍIÍY< J~yle j~ i"'' 
din•<noiono: lnlonn~tion ocquUition =d in/orm;ttíon pr<>«uin¡ 
>nd C".oluotion_ 1bc inlorm.11íon ocqui..ition modo eoa.Uts ol 
''"'"PIÍY< ond prettptiv.: beho•ior, bo<h al lbo oppOsice eun:ma 
ol a ~tinuum. "Th<y cl>im tht p«ccptíY< d.a:WOIIIIW:en we 
cot~«.piS. or pr«q>IS. lo fill<r data. 10 locw "" pal"'ms ol 
inforn,.,<lon. and 10 look lor d"''iali<>ns lmm or con/o.,nitO.. .;m 
lboir c~p«cadons. Roccptivc pcopl.; ICnoJ 10 foo:w on dm.il roth<r 
~~ poucms alld deriv.: implicoli<>ns from dota !>y di,.ot ob­
sorvotion o( it, rolh<r th:u. by r.uin& ÍIIO l~r own pr=p11. 

\V¡th "''I'C<I lo inf<>rmaliDfl P"xcsoin& ond evalualiDfl, 
MoKcnnoy and Kecn mc.~>u"'d iqdi•id..W. on ~.cale. wj¡h lhe 
sySio,nalk 1hinket al on< <d«mc ond tho intuiti¡.c 1hink<r allhe 
olh<r ""'"me. Thcy ho>e •hown, usin¡ o l>oucry o/ pene~ ond 
papcr lUlO. lhot •y>~eo~>tiC thiok<B opproach a problcm by 
srrucrurin1 il in temu o/.....,. mct!lod "hi<h would load 10 1 
soluti<>n .... h<:rc .. lmuiti•o lhiokcB U>c trial and nror, inluilioa, 
and P""-io"" o.pcrion•:• lo obo'lin soluti.>Dl. 

Wc h»·c .,,,.,;,,,d oour <OirtÍiive >lyk <IJ:~r.~<loriz.oliooiS in lhU 
..,.-¡ion. Toblc 1 sumn~uiz.;o 111< ln<ldds of «>&niú,.. ll)lo,lh:ol 
rnul¡ from rho.., erroru. We D<>tc lbc COD!Jokr;¡t,le limibriry 
OO'Iof11 rhnc f<'Ut COI'ISiructs. Thcrc h>vc becn a numbcr ol 
01uo,Jio <11 oho ,....,.,,;n¡ Íll$lrumonto iln'Oivcd in cbooifyin¡­
pk aecnnlin, ID tl><Y ""'"ÍIÍ'o'< ll)l<s. M;r.ny, Jucb .. lbo 11\ldy 
!>y , • ...,,¡,.,l)i [JR91 m<nli<>ncd prcviou.ty. lu,,~ ICIUnd rorhcr low 
cnn-clations '"""'& •~•1 inorrun><n!O. Zmud !~llJ, ¡~151 h .. ll'l(li­
rolcd ¡.,.. ""'"'l;lion oho """"& ltOI se-ores on dilk><RI ;,..,..,. 
n><nl> in~ic>lin¡ c<>¡niiÍ\'C i!yln. Ch<n-:on)-. Smn, and Dicksan 
JS7!. ¡76] hove 0\f"<.,..., m u.ch oonctm ond P<>•.'•miom <on,·ornin¡. 
rho •·•lidit.v ~lmuch ni lho <onlem;><>r:uy ,...,,.._.¡, in rhio 010;¡. 
Th~ """'"'""' th.11 lhc •tudy <>1 índi•íduol pc<M~n:ll'lly d;r. 
<eren«• .. pmli,;rnn o/ hum:u. bohJ1 Í<>< ond pcr/om.anC( hovo 

<••n h:1>ically URUI\.'Oc>.lful in lh~l il h .. n<>t bc.m P<'»ib!c lo 
r<<Jicr p.:rforii\On<< <m thc b;uia o/ J><'~><'nolily ohot .. ·rcri><n 
Th<ir '"'""'""' an.l 11>, c.munonl o/ orh<B !h:ol !be <hor..:rcriJ. 
•in of 1be I:L>k in "hi<b rbe JnJi•id=l in,oh-..1 U a prime 
Jctwnirunr o/ human bc:h:t>-ior, '1'1'<'"" u_,..¡l.ablc. Wo ,.;u 
pro,;& :u..J dil<'li>S oJJitionol oiJ"""" ...,ppuilin¡ a d).........., 
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cnvUtiYC slylo ~t»a th.t will \.oáxporatc lbo ...,... 
tin¡er><y ¡;uk llru<lurc ond lbo deoiJicmmolm'a lask elpeorionce 
In ..,,.,o] othcr SI'CIÍ<>no c/lh.is po.pet. In pania~lat we cm~ 
!he slron¡ necd f<>< 0011sidor•úon o/ tho SI<UCiute IIZid tbe <O<tleDI. 
o( pl"-"ning and dccisicn 1ituad<m1 ]Q ordcr 10 ~~"" COD~IU· 
lllly mo:uúnt,ful suppo<t., 

JIL JNl'QI.WAtiON PaOCE!.IlNO. 

Pr<>bkm solvint. jl>d¡mtrll, IIZid decblonmakin¡ lmply bor!t 
lhou¡bt and oe~ion. Hmrc dcc:isionm.>kin¡ ca:r be define.! os lbe 
""""""'' ollholl&b• ond ldion invlllrin¡ .., /~ oiJoea. . 
ú<m of .....W<rJ lhal a~l..,;~la in obo~C<' bchavior. In maki"' 1 . 

dcci.Uon. moi. o/ICD rh:ur 1101, rbe decbl(IOOIÜU b dcafin¡ ,.;m 
enrif<ltlrorats char.lclcriud bY risb. b.lurdo. y~al)', .,.,.. 
plexity, dt"""" (}'itt time, 111d oonnla. Fllnbcs, lhc qu.alioy oC 1 

decilioll &peac~.s "PD'I """' .. -.n tbe deoisiDIII!>Üer b al>k ID 
acquirc infomunlon. 10 analyu infOf'liiO.tiOD, lDd lo <Yaluorc lDd 
lntorprc¡ in/Drni:IÚOII sudo as ID dis<rimifii.IC bol"""'n rele-.-:on~: 
ond irt<levanl bito ol da~ o,..;,;., quolily abo d<pn>d¡ """". 
h.ow W<!l lhc drd!.ionmol<r IJ lb/o 10 cope ,.;lh liras, whidt il · 
lnvariobly encounrcn!d in Ím¡>Orl•nl derlsion C:ÍI'CIJ""la!ICel. El·.' 
looti"" manag(mcnl of !hose foe1o11 <n~bles ~~rarogj .. by .-lúclt 
the dodsi<mmaker m•y ani"" 11 a ¡ood problC>'II JOlutio.n, d<ci­
sion. "'jud"""'t 

A numbor o/ <ludio• sud! as lboK by IWron 121~ &11m;111 
[37~ Chorba 1nd Ncw!S.I~ Dol:oney and Walb!CD f1J~ Fn.lhcr 
pon Ho....,u and Fki>hm:tn !1651 o. Hubor, [16!~ G. Hubcr 
]1701 fl7ll: ¡....., H:tmilt<>n. and Dario [174~ Libby""" t....;. 
[lll1 Lucas and N;ol>cn f22B~ Ma>:Crim,_ and Taylot ¡2321 
Monr¡omery and S1-....on 12561 Mol.ko.itz, Sdw:l<r, and 
DoK"-'tdin¡ J259t, Payne Jl7S1 Sí,_ !l42~ Twh"""' and 
N311kr fl11l1 TuWc ond ~"'in [1101 WalbiCQ !J9S~ /}96); and 
Wri"'l f40~J-!406) dilcw¡ ¡be viral mk o( bu..., information 
pti><XSSin¡- in decisiocullalin&- Mllll COIIICnop<U'IJ)" ,....an:bcn 
...j.,.rd informotl<>ll pr<>CCSJin& u a· mrloJ 1.uk for ef/ccih'c 
d«is'.,nm..kin¡ and Jtal( lhol tht 1)'110 ol decUintt pn>blom. lbo 
narurc of tbe dc'<-'Ú.ÍOJI on,imnmenr. and !be nu,.nl statc of rhc 
docisi""mok~r combine ro dolctm!l!t deciJ>on olylc and doc\sioa 
mow¡y for a !p«ifio t:W:. Tbc rorm inlorm>tion procn>in& 
ro/ors 1<> tho i>m:<»in& o/ •·otbol reporto a.1 "~!1 ., quanlilative 
dota •incc verbo! rcport> are data ¡99~ · · 

An informatiCJn procouín¡ thonry o/ pn>blcrn J<>hin¡. juJs· 
"""'~ and d<cioionm.Uin¡;. tt......t ""rbe ... umplioro rhor indi· 
vidual• ho•-c an inpul ~ for ocquisition or in/DI'IIl.lltiool. 
an outpur IIIC'I.'bmi<m tor intcrprclatlon and cboic:eonaldn~o jnter· , 
nal p~-f<>< r.Jtcrin¡ and othcr ·~ dfom ......aotro;:·· 
"ilh in/""""'!ÍOft. and m.:morics l«lortJ· ano!"""'·'<"""""!< · 
ol inlor...,IÓOG. n.._.,. aro a l.at¡c numbor of •rays ol ICP'=-"',Iin& . 



hiiJIIM lnform.oúon po-OO.uiñ¡, Mony ot Lh<>e .,, dc..:ñbed ÍQ 

le> U In <q,niQ.., plycllolo¡y l;l<h .q ADdo!Wtl pj, Pco..,.[2SI ~· 
or Sobo (H4J, and in ""'b in ''"'•umcr choj<C" >uch u·neum.., 
Pn "'""" of,ll¡e wort in Lhis ••••.,...... a~~~ d<ol io Sin10n 
[134)-!J.UJ who h .. dC'\-.Ioptd inlormarion pr<>«nin& Woria in 
pJycbok>&Y ond in artiflci>l inrclli¡<fltt. 

Fi&. 2 1>''"""'' 1 conc<ptu:d modcl o! o oysrenu <fl&iDC<rin& 
lram<"'otk [}(18) lor humOft inloñn•tiotl procc»inr,. lñore are 
doubllo .. ly 1 nu<rber of co.npononlo missln& lrrun this mod<l. 11 
d""' not ohow, for enmp!e, rho f1«nli•lly il<'rou;,.., n>tuu o! rhe 
procou. Ncvouh<leu •·e lcel rhor it provid<s o u><lul point o( 
depon un: and &IU\ICIUr< for our ellorli to !oltow, 

Th< key fun"ioru, whkh dorormioe how 1 opo<i/1< probltm or 
. d«i>.ion s.ilualion is <q,ni1M, d<p<nd u pon"" inl<fO!Ciion o/ the 

lll<mory ..,d hi"'<f·orde< «>¡nirion ol tht problcm lOivN wilh 
the onvironmtnt rhrou¡h rhc MOiing<nc)' IO>k muclurc. W< will 
~ vcry con""rmd wilb dn-olopmenl el a <e""<PIUoliiiCdol el 
higher-enlor cor,ni1ion and 1he rnnlin&<nqo 1uk mur1urc in 
Soc-llon V. 11 ls appropri&l< 10 ~mar:k hctt 1ha1 ihc ~.vious 
infónnation analysia and inlci}m101i011 p«<eucs o/ lhinlin¡. 
1ut pcrfcrm;u,cc cbj..,¡j.,. idcnlir.c:uiOA, C\'lllu••iDA. .llld dcci· 
lion rule idonlitiral!on. uc callO<! Mhil)>fr Cldcr" tot,ni1icft. This 
is not bttauso ~~ are aomchow 1110tt impon>nl lh"" IF.c so 
ull<d ~lower Oldor" cor,nilion diOliJ o/ iofcrmalion oequilllion 
in\.olvin¡ formul.olion: Utu:ulon. AUC111ÍOA, pctt<"piÍOCI, and pa\· 
ICnl •ocosnílion; hl b«au,.. lh<y OCOilr lala in lime in 1M 

. <>vcrall infOlmation Pf<><"n>in¡<lfon. 
h ls imponan1 "' note 1lu1 infonnalioa prO<nsin¡ .llld <* 

<wor.makin¡ dforu ÍIIIÍ..,.l<ly in>-ol"" IIICIIICI')'. M<"""Y f fOl] 
infl~~n><n hum.tll judpnml in • nunob<r of .. ay.. 11 .nb influcoa 
lhc pc1ttp\ÍOft o( !he tmlin¡<nq' ¡ui: aliUCIUIC ..aociaJ<d .. ilh 
an ls$Uc Ll ·~lt u lht dcrlsioo. ruin uscd f« cnl~>:~lion ol 
ali<malivn. T.., cbar~crUtica of hum.., "'"""")' = <ll >¡><"á.ol 
imporuooa for out otroru h<n:. finl. infonna¡ioa ,..., be .,... 
<"D<kd io n~ or lcu rff!CK-nl :ll>d rl/..,¡j"" """Y' ;., 1<nns o1 

_h...,.,. abilillca for rtt.t./l. Thr <t>Jin¡ pro<n> ;.,. dtp:"n<ICIII. >he. 
upoa lho inl<rpf\"131ion """"htd lo inl<>rmallon •nd lhU li<Cli&Jy 
in!l10n>en C"\"<"111 ,..,all J>C""'"P'ÍIIft>. :ll>d ~•IN <cvOil•·• bJ. 
llin. Thc Jii<UIU"' <"On<"<"tncd ... Üb ln<IIIOf}" lUid ÍIJ <"DI"IIpOS>tiiL .. 
;o.nd lhrir i<-blioru ond inl<f:><1ÍOft •i<h hwn... pctt<"pLIW ••P<"ri­
<11« &n1i behni<>< U • .,., lUid >pcn<l.:lli>'< in notur.. n.t.• ha•~ 
bc<n """'Y stl&din, boclo ph¡-s.iolosk>l Mld ¡»)<~.«>a· 
«"'<d •ilh lhc idmlitiC":Ition ot tbr """1110<)" "co¡••rn. ~ •-bich is 
h¡J>I>Ihr>i><d co be cbr fund"""'nlal ~nic of mnuooy. Wo .,...¡ 
noc bc np<(ian) ~in 11Lía ttron w:ith '"' .,,;.,.. ph)oio­
lo¡i<>J >ti\!Clu<ro .tnd prD<TI«1 ....:>o.i.alnf •ilh hu...,_, m<m<tO")': 

··­··-· ..... ~ ... ~ ...... .............. ·- .. ~~ 

~-~ t- ...... ··­-~ 

"' 

M wilh YáriOU< rclurd boh.>vior IMr•pito 1109]; ho·u•-er ch. 
ouonllalo..,. rcvj.....,¡ l>clcw briofly. A wcful bri<f "'1WJ" of lb• 
lilcrOiu"' on ""'"'"'Y is ¡>..cDI<d by Tbom .. scn and K<mpen in 
chop«r l, Yo!. 11 ¡l44]. by f~ 1128~ and by Raddiff (18-lt 

liuml1! memory conali!LllcS , ... ,. mojor com¡Kinonc., >h<><Hcrm 
mcmory ar>d lon¡·I<Im rn:mory. ShDn·lrrm mcmory pla)"> 1 k<y 
role in imm<dia« m:all o[ 'l!'IÍ>-.:ly ,.bcar-"'<1 limitO<! infonn>tion 
17), !J$4]. Unlcn consciGL<> offon ;, pul fl>llb in =•mn¡ in/Ol· 
ma¡ion rrom >hOlHCm> ncom<><y, chis oonnor bt done afl<r 1 
lopsc o/ lO LO 60s from irliciol prooenlalion. MNcls of a •ork.in¡ 
shorHornc "¡11cmery Ínvol"' o numh<>r of methonisma. >nclt u •n 
oniculatol)' rchcarsal.loo¡> chal h>S che capad!)" to r<t.:tin ohol\ 
verbal scqu~nces. 11ús ls jiJ$1 nno mccfu>ni..., by .,·hioh ohcrl·trtm 
Wcntien ia prusibl<. Thm: ""' a number of othc. aco><><y ""&· 
'"""" lL ;. imponODI 10 no« chaL shon•l<nn mcmery is ...., 
in1<¡ro1cd nel work ol <na.~ y m<tlc.lnWtu, .llld is auociac<d,. lo · 
""'· wilh a numbor ol .tincd proox...s. ·" •··· 

Shiffrin. ond $chncódrr flln p27J incorronc• conot¡~~> "of 
anonlion·. mcrno<y, and pc:n:cpcu;t] lc.vnin¡ ia cbcir i.brofy ot. 
oho<Horm mcnliDD. "l1lcy hypo!hcsiu ohort-rcnn a~on¡e. · tbc 
fu11<:tioo of which is Klitt cnntrol of llúnkin¡. rcaso.Un¡. and 
&<t'cf;t] memory pr01%SSCi. A=rdin¡ 10 Shiffrin 11. Sohnrid..-. 
•hon·Lrnn llora¡< is .., .:ci•"JI<d lllbact oflon¡·«nn aton¡c. 
Tronsf ... of infOIJtl>lion !roro ahon·t<nn ·~ 10 loaJ;·••nn 
Jlor:t¡< ;, dop<nd<fll on aucnllooollimiLOil""" inl<<!<""""' from 
su-on¡ atrrnal and intcrm.l >Limuli. o<acl ot ~ ol in/,... 
matlon. .tnd ¡,..,..,¡, oi usocia~ioru in lons·l<nn stora¡e.. "Thc-rc 
ha..: b«11 mon) o1odi<1 in..,.in¡ COOC<PIJ wdl as l"ftricnl 
~ ..,."""Y ,,_ idralir,.~cloa. rncodin¡ f>JC sto, .tnd 
rceor,nition "'hicl> •~ ..;n ""' diaclw. ulbry ;tppear of oecond.try 
impor!all« 111 1ho pis of ¡his p:tfiÍCIIIu dforL Whilc he 10 
t.n"<n 1Ui<"Dftno:l«! ÍI<"D>S is belir>ftl 10 be lho ltiUÍIIIUm IIDOUIIt 
ot inf,..,.,lion !bol= be ..,..;,..dio lhor!.·l<fm ,.,.IIIOf}", lons· 
"'"" .........,., moy """l.li" o •irliLllly limilk:>o ~"""'"' ot infor· 
m:LtiOil. • • • • • 

Thus .,.. .,. an <nnm>ow difT........, ~ hu....., abililln 
and computer abi~ci<L llc<-<a= ,¡ iu l;>r¡r !ton¡·~<= ...........,. 
·and abili1Y f<>< qui<t scan:h W r<nll. a bum:uc mind ..... 1y 
'""'"""' .. t.oi;,,;C":III¡. Wbofuoic "'""""'""'-lUdo u ..,..,.,¡n& b,­
:uulo¡y, 1> ..,.. at a11 cosy • .u Ibis ~""' oc le-.. lora compuL<f. 
SíiJiifiQIII un;údcd <empUIOLicn.i cffcn ......W be diftioull Jora 
b~m~&~~ si"" compuL>Iion rnu>l k dcll>< io sborHC"f"OI n>eii>OI'J'· 
n,..., eiliiJ lhc poasibilicy ibal infonn•clol'l aaorcd in lon¡,ocC-rm 
m<niOCY u ¡¡,,.-cd benluso ot ""'..;u...,.bQ.es iau-odutee~·b,­
proc=in¡ in lhcn-lrfm mcnlllfj. A pri...;pal w\ o[ ctimru•o:r· 
aid<d suppotl mw.l be lO >U&IDCI>I bllnwl ·ap.bi~IÍ.a ÍD <><;<d of 

' ' 
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11! ~tu¡w¡n:> 1"'!1 IIJOJJ> ql!" •P""~>d '"'fi''"""!'!""P '>'ll oa 
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wrhm A and A ; ~·· ap~mum rr&mJ!oa •TI¡hi.s flll dw lnd~ 
pfr<lrnl ·~IICI x, .:,llic:h pn>'o'l~c muwrrr al •h< 1~ .m"'u 
or lht """' "• llnd •. arr .,..., 1mns d.,. 10 U..doq....,. ol Lbt 
linuf moclcl, Y, and Y, o:r lhc tnoo <ril<rion Y>hit ~od wbj«t 
rnporut, and ~. ~nd f', att the prtdkl<d niltri<>rl •oluc and 
"oubjec1 rnpoflM' b=d 011 thc nl>o.e.•·cd l'\lts. Tho many •'Orkl of 
lbmmorul an<l hio ~uociatn )2~ (21), )4SJ, Jl-11!140J·IJ4l], 
[1861 [117), [261), [290), )211.1). Jl9S). jo404) ""''':.-min& social 
jud&mcnt theory nr.U:c "" of thio lo~ modcl Th< a¡>J>t<>.1<:h """ 
b<cn Jl>oo.n ro be "'<fui In 1 •••lcry of lt\';u oudl » ¡>d(cy 
ln"""l~tion, !14<>ll>tlon, and ftlanict r<>olullon. R"':mt clloru 
by lloffmon, Earl<, ...,..¡ Sk»io/ll-IJ llaw .obar.n th•r lht ....,..· 
pul<r diopl•rt of l«i>l jod.,.,.nt th<ory: .. hielo~ boLh c;W 
~hatxltr!JIIrt. In temu o1 C>oo 'olwo ond ~in& eriwion 
volutJ; and '"""""' ehor:li:teri<tia, In ttmu ol ir.di•id~ n.c 
vaii>CI &nd uo«l>i<d wbj~t rt>po:l>n ol'ld jud~"""'~: provldc a 
•wy ~foctl•·e re.:dbock m..,hanilm whicb milht <11oblc p«>plc to 
df«tivrly loam much obour e<~mplel lur~Cdonal "'brion.•hí¡>J 
and 1uk~o. Thcre "'" a number ot otud!eo ol re¡ussloo o:~al~sis 
appmo<hn lo d~l<nninotioa ol P"'"'"'l<ro for d«Uioa n.d01 
j260~ 1~90~ u.., ol rc¡rmlon lll4lysll lo mural le socio! juda­
I!>CIII ll>coly. R=n1 opplicllliOftl ol llrc lfls>tr>:l<h 12011 N. .. 
in><>I.U uafn¡ slmolatioa IIIOdda le ¡t~>Cralf rtlponsn whlcb""' 

. va!UI!ed by llw: 4<ci~, 
Qualions conc:cmi"l Lhe C<~&nWYc 11ylc Ultd b)' !he dt­

dslODIIWdn¡ are, ...., bclieoe, vay lmpoltlllt lnlormolioa· analy. 
.U IOd lnlormatlon lnl<l])re!o!lon may be accompli.!r«< In 1 
concrclc o~nulon-.1 modo ni th""&bl orIna formol Op<ro~onal 
modo. We will dc.cribc thc nscndal lc11urc1 o/ i.ho5C luG hla,hcro 
~1 eo¡nhlon prO<"t"QCJ In Src!lon V. Thc concrclc opc:r•tional 
;h...,¡lll procas, whlcb io l)l>ically opplir<! lo /;1111iliar ohnliOJII 
.-hich p«>ple ~11.-.:h-.: 10 be ,. .• u llruCiuttd, ""Y involve c/1"<11 
IUch .u reuonin¡ by &lloln¡y, or olfm. or 11andatd oporadn¡ 
~urq, 1M lonnal <>P·Itolk>nol 1bou¡b1 Pn><na, l)'plroUy 
~lir<! In dlu.atlons wilb wbidi.Lhe prcblcm 101\'Cr ll uol&mruv 

.nd lo .. ~~ 0\1)' inYOlve ••plldl ... el c¡u.onti11tive or 
i¡ll:IIÍIIIÍ .. anoJytl~ 1i>ou&)lt , 

la dLhot ol Li>oso modn Cll' ~11yh:s" of !h<>u&)IL <>r CO&IÜIIon, 
lnfonnaLion acquloiLion, lnlllylla, and inL<I])rel>lion '""Y be quilo 
no"Wed. Many r"«~~IILUdia cmph4.1lac the s1ron& necd lor mod· 
clin¡ problcm oolvin& beha..;or io o d<scrlpll .. , or poslli .. "'""' 
Jn onkr 10 dc1a:t J>O"ibk lbWJ ¡J, inlornuLioa pn>ecsaln¡. Our 
d~ lhUI r .... io lhis MCL~on t.. ... ._, c:oo><UIICd .-llh 
pi>)'Siolo¡\c.ol modelo In ...t.lcb ~ 11:1 .. Input o:ld ""lpUI 
!QtC]wU01111, a nrta>ary lor il>f~tioa o1cn¡c and relriiMI, and 
1 CCftlrAI ~ tot toon:linolion IIOd toauol. HOR. .,. .-1111 
apcdally tG undmcore thc llftd 1101 oaly lor ph)'>iolotJ~ ot 
SLimulus.rnpon.K lftodcls bYl cspcclo!ly lar procaatncin¡ 1721. 
]9$-9!~ j.U~J modoll of inlormolion lo:mul>~an, anoly¡iJ, 1t1d 
inltl])rctalian u wc!l u .....,;olod dedoionm:lin¡. Knowlod~ 

.ol W aoLuaJ unoidod p~ ol probi<UI JOir!n¡ or dcstripli.,.. 
prDc:al tradn& &hould ......, u a u1<M ¡uld: le ~he deolp ot 
infnnn.:nion oys1<,.. LIL>I avoid, or ot lrut """'~oraL< !he cflccu 
ol, to¡n!live bcurlatia IJid bi4.1a.. Thll lln'Oivn rcquire...:nu /or 

. • knoo.lcod~ of !.he W..p U. ..-bid~ pcop1e apply otralo¡j<l in ordor 
le rcooh jiOII¡monu. • • . · 

A lot~ nu01bct of t:onl<mponuy otudiO. In ic&nltivc ¡»)'<'bol· 
"&Y hwltCIIe 1h11 tbe ~ncmpu ot pcopk, ¡...,lu~in¡ ••peno. 1e 
apply ~•riouo lnluiliw "'"'r¡laln arder 10 o«¡uir< ond onolr•• 

. lnlormoli<ln /or purpo.., <uch as predic1ion, f<>IW .. Iin¡. ond 
·, l>lonnin&•"' ofl<n n .... ~. Mony oti&Clí<l ha~• 1>«-n col\d,..ted lo· 

ikscribc. o.nd <•plo.in Lhc •·•y infMmoLion ;, o«¡uit<d •nd Oll.olyz<d 
and lbc rcoulu of l>ully Jr<¡IIUllion ond liUI!y>iL {ltnorally thc 
desmptiu b<ho•ior o/ ...t>joru In tub io•-nhinalnf<>rl\l:ltinn 

-quiollicwo ond an.oly.io io COOSf'=d 10 lhc ..,.o..,li•• I'CiuiL• "'-'' 
""Id P""ail !f !'<'1plc fol~ 1Z1 ~Gpcifll.lJ~ rr<>ecdute.. Tbctc 

· ha\'C be<fl•l numbor ot l'ctml dio.."Uui""' o/ CC~p~ilí>< bi.un fton~ 
IC>CI'AI pcnpceti•·•• 161 ~ (6l~ ]9~]. ll4ll. [15-4~ 1156~ 1160~ ll6lj, 

· IUII. lll4], [l6l~ PIUI. [l~~ !)46~.M9t 1" 11. 1m1. lm).ll1'.6~ 
14Ck.-40111, n,. r=nl •••u by Nioh<lt ond RMS (26-!J ond 

.llu¡o.rth [IJ9] t'Oile<mina lbc •tratc¡ie> OAd bi>l<'• os.otiotcd 

---•• 
~ . 

•iLh ju<i""Cfll and dlrolcr orr np«i.olly IIOie'ol-ofthy. ""'""' lhc . 
eo&ftÍiiW b;.,.. lhol have bcr., iclenLi(K'd uo ,...=¡ '"hkh offcct 
lnformotion fom¡yJ.,Ion or r.•.¡uiolilon.lni~IÍM ~>r~>lni>.aod 
lnlorprelotion. Amon¡ '"""' ~Wn. '"ilkh are nol lnd~l\dmt, 
are lho lollowin¡. 

1/ A·~·,..,,ler!l Qnd A ... :lto•·i~n: [3-4~~ IJ!Jt-Oitcn 1 penan tinds 
that dilli<uhy in problom ld•'>n& irduc 001 lo thc !~ck nt d~tl 
ond lnlormotion, hui roLhcr '" thc ••io~ ol (,.., .. .¡,.~ and 
lnlonnolion. In such Jl•u~tiot'l,lbc p<""'l oftm rOJono co ho."Ur!J. 
Lka "hkh ..,.y reduce: 1hc ll'!'rnlol dfOIU rcqulm le orri\-.: at 1 
k>!utlon. In uoin¡ 1!1< Jnobr.rin¡ and odjlll\""'nl ho.-urbtio '"""" 
conlr<>nlr<l ..;th a ~&< am'Wnt o/ d•ta. 1M ¡>troon 1<i."C1J • 
poni,...,br d~rum. .,..,¡, u lhc n~<a.n. u an iolllal ,., otonln¡ poiot. 
or anchor. ond ~IOn adj111~ t!ull wll>t impro¡ .. rty In nr&r le 
lncnrpomc ;ho •••1 ol 1hr dato •udi u lo raull.ln n~ .. "Cd 
lnlonnotion anolylil. . · 

JJ Al'llil~bil1(• [383~ PBSI-Thc d:cloionm;~.ktr uon only ~oslly 
IVIIilohlo informaLion llnd l¡nor.:s not o.ully avdlahlt r.ou~ ol. 
lll"ir.nnt inlorm~liOI'I. hn t\'Cfll.ÍI bf~ IG n<a!r frequmt!y. 
1ho1 11 ..;¡b hi¡h probobllily il il 11 c;ooy le rccall similar ~u.· 

JJ8<1U R<JitiJSI.Il9l~JJ~~J-The Jücf>hood oloc."Urm.cc of 
two tvcnll b ofton oomp..-o.l by conLrULin¡ lbo numbcr of Lima 
thc 1...,¡ <vea u o..-a<t &nd I&~I<Win¡ 1!10 n.tc of ..,...~ or tadi 
tvcnt. TIUs blu ofL<O _,., O<boo thc dccblonnW:or Jw eoo. 
'm:lo ••P<ri•""" wllh one t...,;L b~l only lta~stlool or abo~roct 
lniOtmollOtl en 1ho olbcr. C"n<n!ly obo:11'11<L ln!onna!lnn '"iU be 
l¡nom ol !he o•pensc ol conorctc intonna~on. A biLIC rato 
dc1<m~nod primllrily lrom c~ncre1< inf<>n~>~~llon moy be cllilod a 
couul buc rote whcr<u th>1 dcLcrmii!Cd fmm absLracl informa· 
lioo i• on incid<nlul bue rtlc. Whccl ioformodOQ upda1a oo;ur, 
thi! Jndhiduolin¡ inlorm.ali~d o/1cn 11 ¡1>1'11 mll<h I'IICII"C ""Ci¡h.L 
lhiZI [1 d~ 11 i• much .:ultr lot indMdu;~.till¡ lnl<>rn~:~tion 
le o•orridc incidonlol b.uc •••a lh>.o .,.uq~ base n.Ln. · 
•. 4) c ..... rn.q,w.r [110~ ll$91. Jl-451-The laflui"C lo rcYile uti-. 
"'"'"'u mucllas 1boy lbouJd be r~>Cd. bued on reccipl ot ncw 
ll¡nili<alll information.':. l""""' .. -rva~t.m. nu. IJ rclaled 
10 dota ULurallco' and rqrc·ui<>n olforu bi&ICI. · 
· JJ ihlta l'mtllruth/lt C<~~~ru:t 11611-Thc lmpaot o/ , oum- . 
m~ritod da111, for exomr,!o. 11\&y be rnuch lfU1cr lh&ll 1hl1 ot thc 
unu: d3to prcscnu:d n dc!.ollcd, nonsum.....W:d .form. Abo.·: 
dillor~nL "'"la may be llled 10 <On$!dcrably <haa¡c Lbc Jmi)QCt of ·: 
thc....,.dalL · ,,. .· .. f:1.:: 
• 6/ D..m Sanlri>th/lt-~Wplo olten readi pmnalllrU'onduslona, •.) • 
.on tho buil ol 100 wnall 1 =nplc ol il>fonno1iDD •-bllc l¡r.oria¡ · 
, lhc rw ot ~he dato lhat lo rccdotd llltr on, or 1L0ppln¡ 1cq,.;,;· 
~on ol doto prc,...¡urely, · 

1J IH~h ¡or Stlf·Ful/llh~l J'ro¡rlu•nn:-"t1w dedslonrnaku val· 
, . ua o ""ai~ ou1comc, inll:rprttotion, or 1'0nd111ion and ocquiru 

ond AnD.Iyzco only informolion 1ha1oupporu th!s IXlncl,..iOJI. Tbio 
lo onolh<r form nC ..S.Cd111 pefff¡>tioo.• : ·- • · . 

IJ Em< of RmJJ/¡l.OS]. pe~ )lUJ-Data wlllch C1Z1 cully be 
rtcllllcd or ......,....¡ wi!l 1IICCI pm:q>lioo ot thr UkciOI>ood of 
olmllar CYCBU ~~~~ O¡&ÍII. P""f>fc \)'pially .. 'fi¡h cOiily 
rta.llcd dota more io docUinnm:lin¡'llwl ~ dota whlch 
"""- ~&oily be ra:.ollcd. • . ' 

9) ~¡.,.. 11611, !ll'J-Pcopl~ ol'lui n.nu:mbcr and al: 
lodl hl¡bcr volidlty 10 lnfonnodon whloh·a•nlimu thdr pm-1· 
ou¡ly hcld bcliolo onc1 ~•pccloliOJIIIIUin thcy do lO dl..-onlirmln&' 
ln/1>rmolion. Thuo 1bc pre..,noc of 1>"" oiiiCunll of lnlorm••lon · 
m:l<J i1 c:uicr fct 0110 le ""lcoli.,..Jy il"ott diw:onnrmlna in!or· 
mo1ion ""'h os 1e rcacli 11111 cono!uoioo and thcrcby prcrvc 
ony1hln¡ 1ha1 onc dairn 10 prove. · ' . 

/OJ FIMI·IIrllw C""''t41...,-Suon¿ly Mld !tlucotMy ateCa be 
I"Cp<dod alld-pn,..,n1('Cf 10 lacto. tlw lypc ollnlorma1lon io 
-¡hL "'hiob C<><lfirms or lcnd1 crallbilhy 1e ollt'• ,;.r,., and 
\'Olua. Jnfnnn:niO<L '"hh:h IX'I>tlró><licu onc'• >'~ron ot ~•1- Í1 
!¡11om. Thio is relOiod 10 wilhhd lhinkin¡ in LbaL bo1h uc fonru 
ofsti<'C~vep<l'<'tp!lon: · '· ~-

J 1) Fw11Wmrmul A urihut/1111 en,,. (Sunruj Fui/u" Etn~rJ [16]~ 
!21>11-11M: d••.-ioi<>nm:akcr ......,¡,les oucca.. ...;¡h rcnonol lnhcr­
<nlobllhy ond :~>ooo\>lci/Allurc wi•h ~ luc~ in ch:~n~-.: cvonu. 

' 
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Thio is rebted to u:U;ability and ~~ • !SJ Stltrli~ l'«r<pli•~ [161]-l'c<lpk ofcm ""<k Only inf.:.. 
1 ~~ Ga..,¡,¡m F.,n...,.-1'bc dm,.¡,......,....,. fob.cly u.umc> lhat m.ltÍO<I thot Mllfimu tbcir •'iow> ond •olun. Thcy di""'lord or 

un«P«Icd <>«."llrrcno;e of a ·run" o1 ..,_"""u cnh.>II<CI Lhe I&IKIII: di><nnfitmin& .-.iJcn<t. luucJ. ue "'""'!"""'·"" tho b.u!o 
probohility .,¡ '"""'"•ncc of an n-.nt 1h01 11os not oa:urr«l. of pcrx>n.>l cxporior.cc ond .. w.lul lhinkin¡.. Thctc · oro many 

/J¡ ff<ibit-Fan>iliority wj¡h o p:Lrlicot.v rule for ..,lvln& • illumotiM• of O<l<eiÍIOJ><"<PliOJI. Onc is "roodin¡ b<tW<'<'n lhe 
rroblcm may "''"lt in rcuti\i~tio!l el !loo........, pr<>e<:dwc """ Unu" ,,.,¡, !U, fot cumple, to dony ant=donl at>l<monto <lfld, 
.. lo.:ti<m ol tho >Amt ol«moti,.. "1- a.lronted with • •imilu u • «<ff.«qucncc, occrpt '"if Y"" doo't promo1e me. l .. -oa'l 
t~pc of probkm ond •imil>t inlor.........., Wo t11ooo.: an 21tema- perform uoU" u fdloorin& ini=IW!y II'Oill "1-..ill porfom1 .. di 
"'~ ~ .... it h .. pf'<'VIOU!ly bco'n :oo:np<>blo l<r< a porccived 11 you pn>fliOr< ~~:>e.~ • · 
>imllu Put)>ll>C ot hcC3...., of >11¡><~ . • . ·! . !6/ Sp«n,_ C'lt:f 1 1611-"011<1!. Cua Oppt''l< Qnly"by. ooa¡r. 

U¡ 1/i...b•:IJ• lfll-11~11!161- ....... .,.. ofoco unob~ ro =ce of a·row p•flb..l,iliry .,....,¡ tnn"lb<y ..... occcpl<'d by rl>e 
rhink <>hjttri•"Ciy il rhcy rocei"' in!........,.. lh.o.r an o1n1-..me hu·.: dccisionm>l<~r 01 !''<nmanfy cuurri..,_ · 
occurl«< ond rhcy ~ro rold lo it......, lh4 inlorm.:uion. Wilh !7¡ Wi•hfu/ 7lli•km&-Th<.prolc"'na: o( 11,. doci•ionmokcr 
b.indsi&h~ OUI<"<>n•c• lhat """' <>«;u!"f<\! >o::m ro ba•< bc<n in<vl· !01 · parli<ular ourcomo ond ponkul>r dtti>i<><~• can fcaJ !be 
roble. Wc""" rdarion;hi¡>' moch """' ca.ily in b.indsi~htlh..O in doc"i•ionnr>l<cr ro clloo.e ., olrcmorhi: rluu "'" dcci>ionm.lkcr 
lorc.l.i&hr and lir>d ir <.J.<Y lo dl.o "~" ll<lt pmficliorn all<r lhe" fiiCr 1.-ou!d lik< lo ha\'C 0>50<i>~o:l ...;1.11 • d..">iroblt outtome. "Thb 
ID ("ottC.<f'(>Dd 11\ ,.Joal 1<<: know h;u ... .._~ • implin O to<~f,..,din¡ of b;:U ano:! ~I>C:I ano:! is O lona o/. 

1 J¡ 1/haiM o/ CM/ro( /:!O'J1 12101-A ¡ood oote<imc · ia a. lcloclivc pcrctpiÍOO. . • · ". 
<hatlce >iloa1ion may ~~~ ho\'C ..,.'Clrod lrom a poot docision. Doubrk:s.ly rh<rc • .., otber tnlom>otioft oo:quisilion, ano>l~ 

• Thc d<ci>ionmolcr may ,..."""' • f«~n, of tOfllrol "''" """"11 and inrorp..,raricm biasc::s 1h.:r1 ,. .. h.:r"' 1101 ldcolili<d bcrt. Arr¡ 
rhot is nor rcasonable. • . · eore&orilOtioo inro a<quo,Jrion. an:r.lysio, lUid inrcrp..,tolion bias is 

16) 11/wum o/ Cout/d//011 111 S). j)I:IJ....:A miSI.lkcn bdkl r.bot oomowhol orbilr"'l •incc il<f:llioo ond l..:dboc\ wiU oltcn, ia 
. lwo evo:nts covory whcn lh")' do .,¡ cov"'l io known os !he proclkt. no! 1111"" lhio >Cp:o"aliOIL Aloo, rnany ollhc idcntilio:d 
lll~•ion o/ correl"rion.. . . bi=o ,...,.1op in mc.urin& and. !he"'/~ ""' oclated ro 01hen. 

· 17) Lr..- o{ St>1<1/l Numbm (..., Ko!Úlc"""' and T~rV.y Sorne /urlher dllawioor of ""'J'Íli...., biiUCI ••·ill ~ P"""nltd i11 
(lHh- Poople MC iruul!lcitnlly """'ili><: 10 quoliry o/ ...-idencc. O<~< du.:u..i01> olrh< oitu:ol;, lr=Un' ph:uc of pro.pect rho:-o<y 
Thcy ohcn C;tprcu lfCOICt con/id= in pm:lklioru bO>Cd 011 in ~!ion 111. Conoinry . ..,flcaion, olld isol.ttillfl di~IS.,. rhrec 
lmoll "''"PI<> ol ~ata .,.;rh nnlldi><Dnfirmin¡ <>"idoncc rh..,. io ,....ulrs ol <he>c bi....,. lh.:rt ho..... partí<ulor promincna: in prc-
mueh lar:er >anoph:s ,.;<h minor dota>nfirmín¡ rvidoncc. SOl;lp]o lpccl ~1)'. • • · • 

•izt. and rdiobili ty olr~n bavc lilll" innuoncc en eonfidcnoe. 01 p:lflicubr inl<"'>l are cim.mslá.ntcS undcr wbkb ¡hno 
18¡ 0"/er l."Jf·~·u 1161 J. [t 84)-n., ordcr io whi<·h inlotrnalioo bi»<s oo.:cur. rhcir cff,"<lo on ..,livltin 1uob "' d..Wcmmokin¡, 

i• pro:>cnr<d arroc" in/otrnotion """'ion in m<mory. Typically ;;...,. I<:MlluliDI>.J>Ionnin&, and lo=rin& olld assc:>smo:.rr; and 
.rhc r.m piccc of in/orm01icn pr<>cOicd (primao;y dice!) and tht opprnpriol< >~yi« -.·hkh mi&h• tcSulr in debiuin& or óllllellon.rion 
1"-'1 pre><nrcd ¡rc.:ency ell""l) ...._ ulld.,. impon>ne<: ia <ht · o/ r.bo tlle<U o/«>&,.¡'¡"' bias. 
mind of lh< doouiD<>moltr. ·, M"")' Or lbe eo¡niri...., bWo::s rilar h:r"' booa·J0u!ld 10 ulsl 

19) 0ou<"D't<e lrrti«IJIIt l.eruJti,.$S)"Ortm (96~ 1971-Usc ot u h:ro.: bc:cn /ound in !he unlamiliar ourrouo>t!ln .. of rbc ""pcri­
inlerior Pl"tl<n>in¡ ot docisioo nol.:-::an ltod ro poor r"Sulll .o.nd "mrniol labotarory, ond ¡cneralizolion cf r.b4 ..-..d 10 ..,o] ,..,)d 
lh~ dcci>ionrn:Ucr can ~licvt rlu 1~ are Joo.1 hco:a""' o/ •ituorions i3 a conl<"'ponly rese:rrclt mo ol much inltfQI. 
in~bility lo "'"olu~rc lh< impoc!S o! tilo choi= no¡ :<c."IC<Icd IUld Howcvcr "'""'! ol dooloborotol)' «porimon!J h.:r...., eonC<mcd \'Cf)' 
11>< llypolilose> no! IC>Icd. ¡ .;mple i/ unf:unilior "'"'- A numbco ol1to>di .. havt ~ 

)(IJ O~m:tmfoJo.•ua ( 1 14).)1 8:1~ pl6)-Pcoplo: ¡cocrally O>cribc un>ido:l o:pcn porfonnoncc witb 1in>plo: c¡uanlil.l1ÍW mOokb lor 
mote ctcd•bilit)" lo data rh.:rn is '"'""'"'cd and Jrona- o••"'*•i=r• judvncnr ond d<eilieo~ such os tbooc by B"'"- 147). 
\be pmbabili1y el oucccst n><rcly dut 10 <ht ptcSC,., ol "" Cohco 162!. D•~-..110~ (71J. Goldsmirh 11321 Kleirunwou ano:! 
Ocbund:HK<' o/ dala. n.. vearer lh:: ~~ o/ dora. r.be .....,... Kkinaumu (204~ and by sevtntl ourbon ill WoJisrein'o r=a1 
conCidcn1 lho pcrJOA i3 ia !be Kho<>•.")' cf llre dat.o. • deriaiti\'C "''Xk cona:rnin¡ ""&"iti\'C ptt:>Caaco io cboioo ;trie~ 

!/ ¡ R.-J....Jam)·-n.. more ruJuo..!:tfl<)' ia lhe dot•. di< .morl: dcci>ion bch.;rvio: Jl%~ Whil< r.be"' is con~rsy 162~ (263~ 
<on/idoru:c poople oltcn ha~c in rhcir prcdkliollll, olrhough lhis ll49J. m<llt sludio ha., sbowto.!hatJimplc quanritali\'C rr>Odeb 
o•·cr~-..nr.dcncc " U>uo.lly unworranl<d. • porfomr bcllcr in hurnon judgmo:nr ~lid dccisioomolcin¡ ¡osb, 

!!) R,f~r~/lce J."jfw !JO), llSlJ-!I.:oplo: normolly po...,;~ and indl><.!in¡ infotmorinn proc-wint,. th:rtr wboliolic expon porlot­
C\"Oiu•le >limuli in ao:cnrdon..-., ,..¡¡¡, lhoir pr<S<n1 and pasl <::<pcri· .,.,.,.. in simil>r ,.,_.ks. This .. -ould 4ppc'~< 10 h.:rYC mojor impliea­
cnri:r.J lcwl lor rho: >limuli. n,..,. ><nsc 0 re/eren« ltvtl in liollll and ro ""'"d mojo< ..-..au lcr Judt oreos u·-••P<" 
O<"COrdanu "'ilh p;1SI <>porience. fiw "''''lÍO"" 10 orimurl! oucb IOI"CC0$1in¡. ~ n.;, o•urioft i3 >tma¡ly empl\osiud in llre ""Orl.o ol 
u o commcnr lrom on associ:ue. .,... ial<~ltd l•vorably cr ll<>1ottb aod M>l<n~.lki> 11611 M.lkrid:Uio and Wbcdri&b1/2l~1 
unfa.·or.r.bly in ;I<"<Otd.,.., wil.h """ P"""iOUI <>pccrorions ;o.nd ond Armslron& 114)-116]. Thio i3 o eour;on nolcd ¡,¡ but o Iew JI&J 
npcri<n<."<>. A rokrcr>cc pninr dor. ... an opcrolin¡ poinl in r.bc ot rile oo~lcmpor:ory "orh on fo..,...<i"' lUid ....,..m.,~ 
'1"1'"" 1\l nureom<L Chan&<• in pctr<pliMo duelo <h~n¡es "on ¡¡, Thcro""' o nun\h<r o/ prcsoript!oru "hkh oni¡ht be ¡jvm 10 
"'lo ron<< poi ni ore collod· t<f<..,nco oll«tL Th<!< chon&•:s moy <n<'>nro¡< ow>idon<< of possible """'hi\'C bio>CS lll>d 10 dobiOI 
nor ~ b~ upon propcr. sloli>licJiy <<lo•onl «>mpur.riollll. rh""' rh.:rr do occur ('l<i~ (98~ (1611111t4J.)ll'~ (JS5J.Il86~ Sorne 

!JJ Rey:T<"WQ~ F.ffm• 118)). jl~)J-n. 1><'"'1 ob .... rwd ~·~- . '"r.&<Oiions lO avoid cosniri..- bias fol)gw. : 
ol -ob>CI"\·orioru :uc u>nJ ""ithour r<v=in¡ 10"<1-:rtd. r.bo ""'an 10. 11 S.uuple inl,.nurioco lrom a bro<>d d.Jra tw.. o..nd be copc­
<"<lrt>lder 1ho df«:u or nol,y mea.~UUD<ou. In dfca 1hii ;¡M,.. ci.:>Oy =cful 10 i,.;ll>de d:u .• ¡,..,.. .. hicb mi¡Ju <:o<>t.úo dL>coo-- . 
""""""-'"!~ · . li1min¡ inlorm.rioo. · 

.'-11 Rqouwo/Uii<n«u IJR21 j)Uj-Whcn m.lkint inlo..,,.., 2) lncludo s.:unple olu. aonr><lcr>Ct inlcrv;ola. &nd ol.her meo· 
lrl\m doro 100 much "~i&ht io gj•~• lo n:•ulrs o/ •null '"mpl.L sures o/ iolorm•rion vo.lidiry in addirian 10 m<an ~olun. 
1\s '"mplc >Í:Z< is lncr<o><"ll. rh<- rwlts ol '""11 o:r.n•ploo""' <olooo 3) Encouro¡e ""'o/ ooodc1> and <¡uanrtra~o·c lid• U> improv< 
1<> 1><" •q>rc>eniOliw ílf lho lorl"r popubrion. l11e '"laws- ot u"pon lofcrmorion anolyoio tb•ough propcr •&&"''•rian of .>«¡uiml 
f<"ptc!<nlori•cn'""' dilkr •·oruid<r.rlrly fr«m 1h< l>u el prob,_ infotm.llion. · ·~) 1 
hilir~ ond •>nlo<inru o1 rho: conj1>n:tion rule P(.-1 n Bl"" P(.-1) · ~~ AYOid lhe hind•i¡Ju bias by P"";di"'...,... 10 iof0f1"1Ulim 
ore olrm ob.eJY<d.. 11 oriticol p;ul <Unes. '· "'-
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' '"'ttW>OII"S JO nndw¡ )~1 ¡iJ •f~..oul ~ ~¡¡oum¡o "'11 .(q P"I'!LdWoJ:>t 
JO Xli"J"' ~0~0-'!J!'<"'I" "'f'' 01 .úol:>.l"" 1''!'11 1 Pf"l' pUl "!l<!IO'IA\ ;>q Ol I:I.\JP••fqo JO ¡>f O 'P.\!¡tW>I¡tt JO 1>1 • o.1r~ l'nUI 0_,. 
lu¡~>J J<> :><1.(1 <n¡l 1~" 01 !»[> >,'fr. "UOJid:>..>J.><I !ln0!"'UO»Un >¡!U UOJ<!l>r o >Z!IJin O,l "DIJI.UJ>Ijt JO U~I01JI~<>jld JU luu.•N<> 
I<UWJt:¡tqJ.,,\U<>U JO ntiJ<>j J>qlo put "J»JJO .. llmtu¡ '.<1<>11!UO ~101 Jo I"!IJtd O WQJj ~lltJ:IWi 'J.•JIOW>I¡t ¡'>U>j.'Jd ¡....U, "''l 
~<1. fu~U<t.>J <M¡O.UIJ 1"'11 1o¡puti<J>f"'n jOUiliiOOI!' IDC!u JO 'J!"'<<t 01 o¡ 3J<U ~ t ¡o _.wnd "'U V->JitUJ>IJC >•'!"'P N 
"'!1"1"" ~"!'!" ppow ::>¡.(1< "-'!l¡uto.> 'luJAJOA" "!!"OUÁP R >oodo>d 1>< t lt>OWo waí¡ >-•!ltlim¡o .t>¡¡ud >¡fu¡• o ¡o UO!I~"' "4>1= 
i!!-• "1'1"-"" >Jn1xuu '!"'1 .t>wfu!IUO>·"" <IO!J.3X >no --noorr -r¡¡n pue ·oun""'I!JO!Jd lii")J...J"'"' >(<¡tu> 'l~l" .o¡ru UO!'f»l' 
·~ WOJj ."o\0110) 01 .\¡>l~ ~no II<M-> "'11 JO <IU:ruodUI~ »>W J<> >uo <>~¡ddt -"'"\tWUOI<e""P >ql "\10\ltiU>W>Jdllll >JttlrOIJn 
OIU! UOJIOtN!'IN¡p .C1dw¡ 01 :Un>ddo <>U<Ji>IO> ><-"ltJ.I JO 'l"'l.l :ICJ. UO!I~t JO ,<,,.., Jo ut¡d ;.;¡IOUJ>I¡t uÓ 1»13< 01 .Üp.l<> uj 

-.w¡¡ o lt ;>uo ¡'>JtdWOl h¡;>q <>lnquuo >'!ltUJOI¡t q1;" ._!l.·. · • 
",.,.,,~ <w>,\o JU "-'!"'i >.\!IOW>IIO li!IJI~" <:llfi<IUHt ·""J 1 mu>t. tnn"d SOI$13:1(] '¡\j 

•1"-11.;!, pÜv l"'f"-'11 O .(c¡d UO!Iti~J<lJ>iU! puo '<!"(IOUO ·• .. 
'1r0!1!1Jnblo UUJI<ULIOJU] '!>!~·" o¡ "1"'1 UO)fJ>óp puo IU>Wtpnf 
l>410 ¡>UO -'.IUJUUO]d '!ti\I<O.">.>JOJ 'S¡<(J""" ,(,¡¡od JUJ IIUI'Mfpo 
tu¡onxud uo!lnLUOJuJ u¡ 11"'"' 4"!11-• ~ .. '1""' uq>o:oJd 
-d~ "!"'-'11.(1 JO """"'"'I>J ;>ql 1U!"'l:>UJ lf! 1'!'"' U"fl. 3<"'Q 
1~8(~ 1~0fl19ll ""!I!A1J:Ie "L<<"J!"'P Jo Q<¡Uma 1 0<10 >J1I >.!>1¡1 

1Lorl1tstl mo!'!"P pw "»!<>~' •¡u.nufpof on:uon~ ¡o ~~n•nb ~1(1 
~U!J>II>q U! 1'!"" 01 f\JOJJO ~~u~I5.Ú 01 Sllll!IOI!UJ1J JIIUOwtpU~J 
JO .roqwnu 1 >Jo ~0111 >INII\ 'UOJPUOJ ~Oql l{l!q·" u! IUOU\I!OIJAUJ 

P-1"1"'•" ........ ""~ "'1 ;<L:W ""'!'.,.."""' '!11.1. "S<n;>Jd "IJO!l 
o.CU!W!I> "'''""'too • u¡ .t::l<pOUo ~ q¡¡;. p.>n<IUJO.> tuU>II>'I..,. 
UA!ItiU>!Jt JO "'!I<'JU<Id JO U..~OU.J.>I~ p:np~•JPUJ.""'IU UO!•~P 
"!JtlJ"'!"OU UJ16 Jn < (1'1/l 101(1 q'n' ~l!i!\11 J>IV>J2 O 1! ,U>~!f 
.. ~ uo¡1nn¡•.u 11! J! 11 "-'90UJ>IJO 01 P"-""J>Jd ""'! 01 !'!" "! y >"!1 
·tlllOifO pu1' P-'ntd""""""' -Úijl '1"'1""~ ~ "-'"'! """~"fu.mL• 
11' l>IJV ·.C,!Iotn 10 ,.,1"-' • poujJ<W P"' l"l""f""" "! U..!l 

·lllll>ll'" JO "!IOJI.ood JO .. !ln.l>lf' o¡= :>.¡N wt<!l>P ><ltlJOII o u¡ 
"<>!JO'>"' >111!1011""" puo 3!1'!1011 OIU! ""1"' UO!"!»P .,IOJ•d" 
tiO~r.!!J<>i>Loo 1"""11''-'!J S!H "li>f'<'W o¡ru UO!f~P >~!ldu,.,p 1110 
~JO !l<J!It1!Joto,-oo IIWII' 01 IOWO~.>f uo¡lt>!JJUI'p po¡diU>III 
.. "'1 011-" !tt(l 15tEI 11"9d '!SS"ll fllll 1.10111n• JO .pqwnu 
• 1uour-r "! [SI (1 ~>S -.a<l!'l""'!l ""!'!""~' 1'1'1"" "''.u:><:lp 

. 01 1"'1'»" :>qlfliO 1"'!1 ""1"' ""!"!""P JO i><¡t~mU 1WOJ'I 1 >JO :u><¡l 
\lql .(pn.Jt ot .(n~ f1U:KIIUO'!A"' "'J<!»P puo 'I""I'!A!P"I 

.~·; ·: ', ' "VOJIOI>Jd.J>IU) Áq p>loiUUOJ 

"'11 puo "·'P""'ll(1 :w>Jdw¡ <?• pw '1(11-,. .>dO> ol 'pu•ll>Opu~ • ' 
en ¡>oi~~!IOW .(¡'luont -<..... ><t rotwm¡ lrt¡l """-'P!A-' 1UOJJt "! 
at>ql PJ'I'~ ""11<1 >qo 11() ""Jid.l:>op JI"'" JO 111 "'11 JO U>!-Lm¡l . 
.~ >111!1 ""'! 11>-• l<W nmunq 1"1(1 ~¡dw¡ puo (ti 'Id 1nL]) 
>!A"IS JO '!<"><l.lod.(q .,>¡dd!JÓ ¡tni-"'ILO!UJ., >ql uoddn1 01 pu:n 
úq¡ 1141 u¡ ju¡qm"!P >JI UO!I""' '!1\1 ¡o 111"'" oq¡ ·=,.-• u¡ 

"! j '1"!'1-" f!<-(~• .(q v>-""1101 "! U"!!•lnowoJ q'!'l"' u¡ rd:11t 
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:~l¡nwrr-~ ·-.r u¡ ~ .\¡¡t.>¡d-(1 <=oold IJO!S!">P 

• >.IJIU> >ql 'p>IOU "'11 >.1-.-.;¡ ._ .. '<V -:11> ~¡n~t lf<l<:O!JIP~ 'l:t.\!1 
_. ·•<lJ>Ip: k\¡¡od f'UO!l!PP" IOJ <><pln< 01 l"'"l IUQ~on¡VAO P"" 

100<!-'0d!tiOO (1\Jirnl o-g'I.J. "fl'-(l"u• J'UT UO!IO¡nWJOj UOJIOnl!" 
UO!'!""P JO n:100.1d 01{1 UJO>JI k\q1 "í!'+" ""!lltu>)p: >IVIIIO"" 
'"" ""d""'"" ~ll"'!d.(' ='I"'UI>O!'~ """!'"'"""P ''!" 111D1(fna11¡¡ 
p>¡ou "-'•q '"" <v "UO!I"''P!'"'"" '""1 un """'! "'!1 JO •rr-(JN• 
pu1' UOIU:¡mi\JUj ~duJO..,_,.. I"!J C.\Jq -l>IJ1' Á(I>O-10~~ 
•IIU>I(t JO IIOJifn,..... P.,. UOI¡tt'dlLiu.> .-,~drul p><¡!JOS>p >.1ei¡­
>:ltJ>nbol O'I.J. "UIJ!Oiu:>~ro >ton¡ o,., pu' uo¡¡OWJOJU! o¡o'bJr'!lo Ul 
pn ..,. so¡ru ...,..,_»p """! JO "-'! • r-•Jnd"'!""""' "" p>~u><>>d 
"-''~ ._ .. 'O<I!I!"O<h> JO lJJJOP JO <> <>d.ond 10.:1. "0<\!l""f t•>U 

""' ut DOda >IOJOq"1> Jl!M -11'11lt • ......,. 11!'1""'11 f'UO!I••* 
¡nnJOJ "'!1 '1\~• P'I"!"'<W n:>:IUJd N!S!""P pw IUOUI'Ipnf "'!1 
JO .(J!-"'W!Jd "-'l'•t=d:u .rnddt """' uo¡«n>SJp >M><¡I ''U. · • "tlo\lt:J>f 1nll JnO u¡ s:>JI\10<111< 
lf'l'l .bu>ia!IUO> •o¡ •ppow l!U"'U.{p """'!P 11!" >M -oJn¡;m.n<' 
lf'l'l .l:ou->7U!IIIO> >o¡¡ u¡ ¡'>I"''J>.I ..-¡;opow ¡o:¡ni>IUII 110\1~111\$ 
OOJt!»P "'f'' GOdn ~111 >1'01 "! •¡oo:oc!:o¡> ll"' "'N 110"!-"'P 
t JO """"'' 3'1.J. "11.1000, j>>\ltn ... >J' '01> ~!IOW>I]I i;,¡¡od 
JO ,-,xd•u¡ -u.•~tu.mro -'-'!lllll 'l'l!nod '>n«! >41 ""tpunoq >1UOI 
'""!1''1'"""' 1""-"1'' -.~'!l~'rqo '"'U. l>l'<'w ·~~ 2"!'!""'" JO 
<l¡n<;U 'XII ptn! i>puw I"..III>IUII UQ!Itl\11' U"!'~P O "'!'<' >J><II 
1n¡1 ~on< P><(<!Jdwo:l:ll! ~ ~·n¡ f!'.(l""' pll"t IIO!ItiiiiWOJ ¡tl(1 
""'-"Ud IIOJ"!""P "'!1 JO d:lll IIO!l~I>J<iJ..'l"! oq110 p.>W"""" 1! 11 

">4tmL>•' ~llo'"'""' Jo ¡u>p 
-u.>d.Jpu¡ "" <>.•1\oW::oJ~ ~"1'!-'!P"!.''I' .So¡un •~ "f>.IJIOW>IJ" ¡o:n 
·P~\!PU! JU 'ltiO!IOUJ<tWOO "'qJ'"<Od IIO JO O!JOJUod O JO lu:nlO<iWOl 
>UO IIU.""'-'d.>J "'!1""'"'1" ¡onp;•!P'I! >'P JO 4·'"' .._,¡un iUf.'II'W 
.....,!'1-"'P UJ :IJQJJ> )UO;>~JOUi¡< U! L¡m>J .(na .,_,JIOW>I~ JO UO!\ 
-~!<~""-" t J>P!'\"1> Ul >ni]!O:J """-•!l""-"'1~ JO <O!IUJI>ud >¡q~ 
•• UIU! JU<IJ<I.IUO> >q ll"tl "'"'J10Wl~J' Jl'fiP~>JI"'! U """lf IM!I 
.......,,1• -'>!iOO ¡o IX ;>ftq ""' v o¡ t¡n<>J ~·w ¡nq P•'l'!ldwu.,>• 
:oq r.\t ... ¡t Ul!> U<>!l•ln"Uilj 111J.L "I"IWUud!U'-" "-'!<IIP" ~!Jt · 
•nlniU <Uf"IUU.' 1:>.\]II'WOIJO ""-'JUI¡.' J<IIO' >1[1 1041 pu~ <:.\)II'W>IIt 
Jl'fi¡I~I!P"! J" o¡¡u¡IJ\>d »t<Jww 1 ¡.....,,¡,_, .\L:W "-'!lml>ll" .(>o ¡ve! 
>¡tu¡• q><> 10\11 ·.Cifl"-'-.....:l )'J ""1 1'""1(1~" '""....., ut> 'M . 
"'""""''d ""!'~"''P "'11 u¡ p.,.,. >JI.<><¡¡ '1-'!11-" u< '-·• ><¡1 ¡o num 
U! lC'JidOUJ Jo IJ>!Id~> :>q AO<u u¡ru lii"!'-'(J "11UJIO<UIUJUJ 3.>\o->J~ 
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•1 "0$¡1" :»n I~!IU>Iod opnw 
JO pw 11>.1010! JO "'1 PitiO.• r.on:iq ·_,_.~fll!o:o J<1 ""!IUO\Inrf pln 

uo~""'J!I"'P! >1[1 "'1 rpol(PW 1{1!-" [1'11(] 1 IHI166LI1061]19llll 
1Etii'IUII1<:LI-I31<""'"' OJnq!JII• Plll! UOJIOIWilJU) >!l!bJ'fh 
•o o¡-'1>1U! >¡doo<l ~q>~oq.,. 1poq1>o.u oq1 fu¡!'Jio¡u¡ 4''"~"11 

-~I!P!l"~ )uow'lpnf "01 onp uuq¡ J>qlOJ '¡o 
l!!d• "1 J!WO .{11"> ~qp>o¡ >wWino '"'!IJ<od o(l"""l' """"''""[ 
>0:1.(¡ kl>qd<>Jd 'ia'li!JII'J·J!X JO r¡UlUI.I:>JOJ"JOll "p.L.""QI> 1011 :JJt 

<l=w'IP"f "-'!Id>~! ""' p;o<eq fiiOJS!»p <UOIJ ...,11"1 4>N-'" """""" 
·IN> lLI"'!dÁJ. 11'&1 """->1'!1""-' '!'11 "'1 uo~""'J!l<nr 011 10 o¡un 
.<J>.~ '! >J>t¡l u"'-. Wlll ~otqp:•o¡ o(Jna>ql plUJOIUJ"'" puo p:>.oun;¡ 
1! IU.>tu~pn[ P>P!"UII u¡ nupyUO> "'"!" O<Ol >41 ~I[IJl'>d,; 
'l <!'U "fu¡¡>n-""-' ~l(l'p.>d<> ;>q p¡no .. tu!'"!'I•P 01 u¡nq_u¡uo.; 
.<JO>t¡l IU>W'iP"f J0PU1 U ~)<1< <poi!I>W JO ><11 o(l""Jt¡) P>JJnb;, 
~~p:>IJ 'lu!"'t>¡ 'P'IJ"' 01 ¡U>In "'f'' >II!WJ>I>P 01 J>opt\IS 
"¡'>p>:IU >Jf '""ll >0<¡1 1uo¡o IUOJJ' >Jow .C¡rt>t) ·iLl <1 00!1•''1010> 
>OJ 1u\Uf"JI u¡ IIJ$11 01 l>tll¡>prn'l ¡n¡d¡oq ¡o >>qu<nu • IU><>Jd 
JJOqq,_,J.:I puP. U!>i>U>It¡l!l -~~811 JJOt¡II"'J.:I ~q P>LU>53Jd "! >.:>u>p 
·!JUO>':IAO puo >'I'JJSpu)ll JO) I('Oifi>W lli!'""!'I>P JO uo¡nnll¡p "->JI 
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01 >~np>><ud ~ o ~m>~¡p !~rzl ~l"""'~ pw """'""'!'"}[. 

• -.:m¡q U0~1.1111n 110p pUl! llllutn 110!111 
·a><»d ti<P oq1 pon: "ti»J¡> l'pJO kloiU!Jd puo ~""~ p¡oA', 01 
"'os s'IU!JOplO 1='"" u¡ p>IU><:lld >q p¡no'l' UO!IO"UOJUI (OI 
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lg!IW->00> ":"IURI 01 :OWJI WUIJ 'f'>J"'!W~J ;>q Plnot¡'l >ido>d (6 

·~¡u<> """1"' 10 '<p¡pq '<-"'!A 1""""'''" 41!·,. '"""P'"""" 
U) !'>1'(1!"-"'•'PUn JO p>llj'i!>-"'0'0 ><¡ ¡>¡neo¡< I'IOp >111 JO >tOUN 
"!'""qdwo .,Oit!JdOJdolt .. ql!" p>pJoi.•J :oq Pl'''"l' •1•P 11~ pu• 
'P>~>>ll""' ><¡ J'lno!l' <1~p "~"111uunb PU1t ·"'!IOJo¡onb 41"1[ IV 

"f:lltpdR UOIItii.U<IJUJ '"l''I»>>Jol ~~ "!''0 U1 pu~ fu!,U!'fl 
1"1'1'1·" put <>11(0.1 pw <1.>0¡ 'iu¡<n¡uo> P!""" <>1 l>¡>JO 11! [9HI 
'i>>ZI ~u¡uoo"'-1 1">!'1<>1 uo 1'-"'"'1 <lJOM>oUOJj p.'!nlll\111 "'n (L 

"fWJI<~' fUJ"-"''L 1110-'>t>'-'! >IUoJ>iRO p~Yit 01 .. 
4""' ruo¡<p>p >1¡t11.1 puo IIU!Itlli><>JU! n;uwd 01 "")lltJd Ul p.><ll 
"1"' puo <f"UIII>W pw Wll"ll" ""!'P>P "'11 JO 1u¡puo1<'""1'"" 
>i•>IIOJOIZ3 ·>->ILl!J>IIu "''"1 fu¡we>¡ >.\¡J»JJ• l'l••"""""3 1~ 
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'""!'"A P!"'" 01 "P-"' u¡ <>w''""" poq 1"'• ~>2 uooJ¡ SIJ<'!'!·'·'P 
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Con,.,quonlly wo ~••isiM 1hn:C' r,,.., IO>'d yntrol oato¡orin peroon 1w ldCJitif!Cd o•·~bblt allemali"" ooun.es ol ocllon ond 

ol d<c~>inn ruko: hohlli<. h<:uri.,k, otld •·hoti$1k. In & IH>Ii.mo lh< pc .. iblc DOIIS«<u<D<d ol oub .:Jlnnl.tÍYC. lb< ntiorW persoa 
deci;ion rulo thort i; on o11ornp1 lo roru.idcr all U¡><o:lo o/ 1 m:lkt> a cDftS!¡Itnt choiec ot al~molivc IC1iollt la ordct 10 
doci»>n oituotion in b·oluotinl ohoicn by mQIU ol diuwop.- mo.~inoiu tbt (l:p«t<d do¡m: ot s:.ti>IKtiar! usociaLM wi1b 
""" ol '""""' ohoi"" comp<>non11. In o hnuillir d<ci.inn rulr, .atiainin& ld.,.,~focd objceli••• ond ¡oab., 
do•>ilcJ e<>n>plkOI<d <'llmpori'<•ru '"' nnt u.ro. Ro1hcr, ,;,.:· A numbor ol olementl lrf 111umnl 10 e.tist in tbo rotiO,.;il 
phl><d o¡>prn•in,.uinn> 1n holi.tk .¡,~·i.<ion rules ore UJCd. In l ac1or ml)dcl: 
~ holowr dc'(Íiinn rulo, lh< <"''oluali"n ond choice o/ ollornotl'o'CI lJ \ · ' ' · 
• , ' · · ' ' l)asttolpoi""'.:JtornAtivnA: : ·,' -""-"'u Up(ln u~ o ~''""""' "'~'""""'-"· IOpt ~lly uue upenisc, •• , '.e . 
,.;th rc•pa:t to oimibr d«i•ion ,¡ tuaoioru. n,. sckotiOJ'I 0¡ Aa ll tbe sct af p0$libk «HHsequctiCQ o ..,..,;ce ot rullll'e ll~ta ol 
.o ~---~ · .o n:Uo"O otdociliOIIOIIIeotr!QCIJitdS; ... tenuü•~ iJ ,..,.-., "~"'" m r<<""Í"'u or pmumed ....,rlh u a 
,.-h<>k and o.ithou1 do>~:Uiod cnn~ roru.>del';!.lion 0¡ tbe indi· l) • uti!ity f....-tion Vil) lb4t U okfoncd lot all e!...,.nts 1 
•idw.l :u.pttll ol eO<"h >ltern>ti...,_ 11 i1 J><"'ibl< to define 1 ol S: · . , . 
nurnb<:r 0¡ .xc;..¡ m roln ~nd catc,oriu thom. 'Jñc r, 111 levd ~) inf,..,atioo u lo ,..¡,¡th Olllrotll<l "'ll oecur ll a panieulv 
eotcgorioJ"" h»·c del1ncd ""'MI mutuo!ly exdu.siVI:. A"""'""' potioy :oltomoúVI: ~in A U choxn: alld . • ••· 
o/ decisi<>n ru!oo doubtl....ry eo,1 bo c•t•&<"ñt<d in lo nioto th.tu! 'J infomotion u lo !he plllbabilty' ol oecum:IIOI! ·'ot oay 
one of !hose /int•lo\"C) docil.iron ootc¡L>lioo. Figure 4 illustra1., 1 plrti<ular outcomo il an altemative " E A U chooca. · 1' ,.(r) 
pr»"blo inclu>inn '"""'""' fOr th< dc.;Uion ruh:a •·• wil! dueribc:' i• th< prob-:lbiUty lhat 1 e S wW oc:cw lf 11 e A b choooa. 
hcre. ' ThCrc on: a numlm or ..-oya ¡, wllldt thc .uloms assodatcd wilh 

t:.•P«trd Utihry n.-,·: O..r li111 6o<Uion ndc b boscd oa lhc: ra1\onol 0<1ot modcl r=y be Jtoltd. EKb lwcmtal allh< 
••pn:1cd utility obtor¡- and i> dnuhtk-.~y lb<: 1'1>0>1 l•mlhr drd• uionu a\1""' ~ ot tho /octlhot eardinol uliUty luneliom will 
•ion ruk to •n;inrcn.. 'lñio ruk dtli..,. lmm 1 Mrotion~l oo>~or" 1 ell>t ~nd be uniq110 only up to po..iti"' lill<llf t~fonnotions. 
dto:ioiM m<>dolll~ 14~ 1~9). JIO.IJ, 11211.1134), [169], h92~ [22l~ Furthcr. tho: ..,·oluoti<m ol c~pa:ta:l utHity olkro.1; thoircmoldns 
[!~61. [26,[,1!~$). (ll 'l. [H9J.Jl~7) wloiok i> nooro /ully ~iocu:<sed and prioritiutiM of altcm:ti\"CS In IICCOid:uu;e ,.;m lile ~•pcotod 
in 5<-.:tion VI. 1 ulilily or c~dt ohcm:oliVI:. Thc"' ""' a nu.,_ al tcxtbook 

TI>< rationol o~tnr ntodol lo o norm.otl•·o moclol V on Nou""'n =nu of oxp«tod utility thcory 10 ,..bieb ~loo lnle1'<$lcd rndor 
~nd ~h'<;rn>l<m. """ inttOOO><..,d th< ,_,;,.... ol 1h< mtloJd of of thio ..,.,-;..... m:oy tum for ~ltcm:otl"' scb fll L<ioma ond oktailed 
t~tionol aun. >1~1«1 the purp<»o> of lhrit """' os· oa;ount> of thc ~ ol' n¡>«K'd utili1y, thoory J" ~ (16l). [ 196~ 

~~ find autl'l<autÓ<ollo· •""'rkl< pri ... irb •loido d.-fine 'roOon.r (!:!:!~ [!~l). [lO!~ llUJ, M..Crimmoa and Unon lntcm:l~t• ti>: 
tom" ;..,M ... 0 ocl ,,¡ rut.,-. fe, 0.,-tq•.orlidronu-hkb 1<11 hlm hn'W •• M m.:ojm o...inon >)~lotni in- <•pcotcd u1!1ity lh«.")' [l) la o not<• 
~· to..·l'-'•< in <WI)' '''""""' • ~i.h nu¡ «>••~i•·ahly .,¡.,, •wthy rontribution 10 un~cr.uuodin& ol 11oo ,.....,.r 'Y'"'"'' th>-1 

lood lo (oo\Cntiallyl tho "'"'" ..,.,¡,, f<>t thc rotionol ""10' ni<'O<Jcl. 
Th< iJoo of rolic>n>li!\' originatod in lhc' C\"tlnonoko fit<rolutc A •<ry n:adablc lntt<'<luc:lnry '"'OlÍIIrn1 ol CXp«tcd utilily ¡J.co<:.·. 

\lhcto "'"''""'"""'ml< n~><kl• ol 111<- """-"'"'"'' •nd lh< fonn rd:uin¡ docripti•-. p>yo.'bolto&klll cone<111S •ilh 11<>11nativo ....,. 
""''"""'~~ ,.,;,pt•·•• in/orm;~tion ond roti.,nolil\. Tbo rotionol pcr- ttm.. io prnct~tod by Vkk 1244~ ·: · . 
oon ¡,. o .. um.>J lo ha•< i~<'11tir>Cd a octal o.~U·dcfM <ihj..-tiw:o n.. rolÍ(Iftal x1nr mncld b oltm accqoled os 1 nonnati\1.' 
.o.ftol ,.,.,¡, on.l i• """'m«< In ho oble tn ••p..,. prrr~,.,,.... modo! of ......,. do..i>iM> '>hould-ho m.o.dc, o1 klst in o .Ubotanti•~ 
1>.-t"'<'<'n dolforo-nt >late• of olf¡,¡n ll<'<'flrJont; '" the d<v>'< of or ~ .. ¡r fo.hinn. h lo lllkn obo<.'f\clthot th<' no>dol U not u 
~~~,¡~,·tiOJI of Alluinin¡ the,.c oobj<.'l'tl'o1.'> ond go.'-14- A rotional · KCUra~ dc>l'ription of <ithor !he ¡ub•ton..-c or lbcjlr(lo.-..ss p[ 

.: onuo! unoid,-d oholi.'Cm:okin& b<."h>\ir>r. Somo of lh('M, obKrWI1 
• " """ rmpiñ<ol aído~~C< <>l lho .S....·i.otloR ol o<tuol dm~n"'ol.''" 

• ;_: f«.h"""""'ol ,.. «<101o>ctoio .,,¡~..,lio, o.<OUiol 1>< 0 ,.,.. "''P•orri->of lrom cith~r oub.>t>nti•~ rotion:ali1' <>t f'(<'Cnl rotiMoli,Y. ,.,.,. 
,"f'IIL ob_~n"OIÍMII,. oloubtlns]p;or ... 'tt. n,. t>lÍ<lnal ~':"' mN<! i!o. 
• 

• 1 

• 
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"' 
crm< m.Wr po>>ibl< b)o bo.>Ot >Uo¡>pin¡rnohleo Íl 1<> 1>< ouptrlor lo 
ul'l3i~cd humo" JOO"""nt. Onc con <'1'<11 m~;ry '(<'IJ)Ib ond 
ÍJ.I>I""~ aunlm~ <k'¡>cn<lr~><.-ir• OJ><l oull nnd th,.,.t "'<i&J>t«.. linear 
nm<kb~oqu'"•·~rlll71~ . 
· n.: /act ohol 1bo "'oi3h!rd linc:>r rok moy be S(l ll'f'CI U a 
rothcr mil«] blo.,int. In drcoan>lor>e<> in ,.bich th<l< io M 
rrqWwntnt l<>r k-l«<gr nf tho undcrl)'inr. <kci>lon p~ 
thc oub>t>nti•• l'f'-dirli"' obilitJ of tbt lil><3l" aldiLi•-. Jn<><kl ""'Y 
nu~<c j¡ quilo u>Cful. Sltuotion> >uth ;11 C'\·oluatin¡ cra:lll rord 
opplican" "' opplironl> IM oJri>i>>ÍO<I> lo o<>ll<g<> m R'p<lili<·e 
¡udpnon\ and dcoi>ion >ÍWoliun• "hich {,¡ inru tbb rotcgary. U'<: 
o/ otm¡>k !''"''"' l•nca: m<'<ld mov "'<11, in >.Ltualio:,. >UCh "' 
tha.c, l<;ul 10 a m<>rr cf(;<'icnL ._; •·<IJ .. """" rlr<e1l"' oruJ 
ooquitobl< ><k<ti"" P"""'>S than ,.., b.»al NI un>idod hum:.n 
Ín1UÍIÍM j711]. [71~ cD>""C> Íll Sh"'-.:Jct jJJ!)). In Un>Ln><llll~'d Of 

KRIÍmUC!uroJ nnnrq><thi•< d..'cioiM l11Uotinns iL i:. r•n>eh le" 
dcor tl•at o d•"t:i>ion NI< 1ho1 is n<>l l<'•••nl<cd 10 b< fol!hlul !<> 
1hc ~nJcrh·ing ~crhion procc;o 'lill h< ncorl•· .. valuablc u OfiC 
1hat ¡, in. 1crrrn; o/ onobliu& dcci,ionmokÓrs lo ~nake l><llcr 
dcci.•ion>. fi>chholl. G'"t<in. al\d Shipir~ [1191 ptO\i<k a nurnbcr 
<Jif"'l<"<l'li"" cmrlltl<RIJ conc<rnin¡ 1hi> all<llhc con><q"""' II<Cd 
for a thcory o/ erren 10 nplica1o 1he cf/ccll o/ p<10< dccisi<m 
>itualiM >lructur..l moo:kl• ond paramclcr> ,..;,hin lhe JlrllCiurc. 
A h<>p~."<l·lor adUC"o'cmcnt ·,. a '"""~ 1i•ity·b»etl analy¡i> of dcvio­
tiono fr<>m nplimolity 1~ dclornoino. anoMg "'hcr lhings, doc role 
of c•¡><:ricnce in dcoi>innn1a~ing and lh<»e comp<>fiCniO ond 
principie' oí dcci>ion~n.Uin¡ which en be U>C!ully 011d mcanin¡­
fulh 1camod lrom c.p<ric,...-. [47~ [9-IH97[.[1Jjj. [ 116~ 

Mulliauribul< u1ilny m<><ld• b=d on 1hc OJ;pc<:L<o,J utility 
lhtor\" o/ \"On Ncumonr of><l Morscn>tem are c<>n>idcrobly more 
cnnop"k• 1hon 1i>o.>< o/ l ... ·to~•·iorol ~coi> ion lhcory. O(len_lh<rc ""' 
dlom 10 dclormonc <>ÍMOR« nf •·ari<>U> Ullribul< indcp<ndcnce 
cnndi1i""' >uch u 10 validdl< U>< o/ o lincar •nod<l ol tbc formo/ 
(2) oro multipücoti"" mo.Jcl of tl,., rorm -

1 -1- 1/U(r,} = [1 (l + lr,/1~ (s,)), 
1"' ' 

Thc (orcm"''I>"'P""""" ~llhi< ·'FPr<lOch are Kccncy and ltailfa 
(196 ). Thcro..,rc man)" ronlr\bui"o~n• 10 lhi• arca and vilrialions ot 
1h~ b:uio appr<»cir[2l]. [29[. m~ [9lJ. JIH~ [!Jij, [2l11 (27!L 
(J-001 POI[. [l0111l'8J. Jl9?~ h i> prcp<»o<J =lwivdy u a· 
""'""'''"" >pproach and h:!.s b..-.n '""'.:n.luny U>CI! loe a vorlcly 
ot apphcotions indud"on¡ p~-.l o•oluaticn p4SI. (1101 tltiR& 
P"""Cf pbn1> [197J; and buJgelin~ and plonnin& [Slj, [191~ 

1>1<¡;11 v,,.,,,..._ Thore are a numbcr ol modds >tt~ &»<><i­
Oicd d«i>ie>n rul<> b.....r opon mo:>n-variana: (EV) rn<><Job. · 
Mar~o~iu"o pon/olio 111<01)", ,.-hkh io "~ll wmmorlud ia.Ubby 
ond Fi>hbutn ¡214] ano! Baron [26~ io b.ued ia pat1 "" 1M 
...,.um¡>tion of a quodra~ utilily funclion 

U(r) '"ft + fts + yJI • 
,,, 

,.·hcrc <he oame O<alos are ll.SsumcJ in•·arianl cwer oll ohematlves 
wo~ th>l -..~ h.>v< a quodratk P"V""""in¡ problt:m ín priori lit· 
in¡ ;>ll•"mati•·•• .,·Mrc 

• 
E(U(r>,)}.,}: p.(r~,)U(•,). ,., 

'"a+ Jl!,"(r>,} + yf;{a,2 } 

=".;. P,o, + y(•,' + ,.;). 
C""""'b> [M1[M~ [las¡ h .. ol><> bC<1I """''mcd ,..¡,b pnnfolio 
<hc<-r)· on.J .....,me. an nptimum ri>k lc•~l in lh< lnrm ni o >in¡k 
l"'•~cd ,;,~ prd<r<n<e lunc1ion lor "'''Y e>f""'l<d \"aluo 1,·.-.t 
Ciambk• o•l cqual o,po.-.·1cd 'alue are juJ~,...r <>n lhc b:LU, o/ lo,.or 
''. ;,.,,-. in tM Mor);o,.·il•" p.>r<!ofto th<ory and on <M basls ol 
J :;ati••n lrnm"oprin>Úno ri>\ !t....,¡ in Coomb>" pnnfolio tbeory, 
:,.,,,.hailic oi<>nlin:lll<< cruwcpt. [1~41 :.te npo:cially úi.<lul ia 

doalin¡ •i•h p<OOirnu ift lhe n><a:t-~ rn<><Jeh of ponfo!io 
1hc<>ty. OnfnriUn>lciY u h» bc.olr '""""'"by a 11umbct oi aulhor. 
[124~ the t<>UI'-' r,.,m U>ins mc>tt-~;ui;mce portlolio thcor)o..., 
not """'>>rily ron•i"nll with tocuht nbl>incd ltom ~xp«ted 
utility lhrory. f« cumple. Jr thc wtcornes o/ dcci>ion a1 ..., $10 
.,·ilh prrotoobililv O.S and s:!O •ilh probabi~ly 0.!1 af><l lhe 0111• 
""""' of dc-ris.iOn a,;, SIO witb probability 1-C; lbea tbe EV rule 
(l'.o "' S"- o.1 = SS) (,o., = S 10. •·• "' O) i> indncnniule l.ao 
1ba1 ~he~ i> nn ¡wel<> $up<rior Of domi~~~~nt~: allcmati"" in 111 
EV ....... Yct •ny 1o.uorublc penoo """·M prcfor aJtcrn;~ti"" a 1 
to ohOmotivc a,. · . . · · · · . 

Fi>hhurn !12l) h .. <"ONidcrcd 1 voriatioa nlllo< ...._.,-•ari­
modd •1o!clt '"'"''-a concqou b>..>«< upoa l><;,cllelool or mura 
.,.. ..P<>~ion 1c-.-.1 <>< ... r,..""' 1=1 "' define thc ri>k or a.¡ 
oltomr.d.._ Tbc ~,;,¡; o/ ah....,._,¡..," is dctttmi<>ed ftoon tbc­
probobility o/ n:crivin& o rctum noc 1<> nceed "• d01>0ted F(z}. 
~ . . . . . 

R(a¡"= j' (t- x)" dF(z) = [ (t- z)"p(-<) 4 -· . '. -.. 
.. no,..,¡, thc 1.1rge1 "''""'-. ;. o """""'"ti""~,.,. lhat b · 
used 10 iodk"3te rcb.ti•·• impOrt=ce or dcvi.o.tions bclow w¡el 
rctum. For O< a< 1 the de-cioi~ .:n primuy """"m Í>" 
loilurc lo ~rhicvc 1hc torso• •ilh titile' c¡ard 10 th< >iu o/ lh< 
dcvi•lion. F"r a> ¡ thc do<¡,ionmol<•·' b V.:!)" wnoerned witb 
•iu•bl<: dovio1ion• rrom tu¡N ond rt..oli-..dy uncc...,crned wi\b 
¡=11 dovi:oticN. lo lhe lour...- a.w 1bc dcci>loounol<.c: i> tisk 
=li<>¡ lot 1= :mc1 h.u o utility lunctioo lhttt b coavu /or 
lo$$es. b tbc 1•11« ca>< lhc-dccWonm;ko:r i> risl-. a .... <R lor ID!S.C:$ 
and ha. • u~lily lunctico 1ho1 i• conca"" ror lo$$es. 

In •lú• m<><lcllh< mean retum from an allcrnotive and "ou rillr 
are 1loe 11110 ollnbuto• dctormining pnfucna:. This medd thm 
oppears m'!fh .;milar to 1he Sl>ttdard EV mbdel Jn lh.lt a 1 > a 1 il 
allll <>nly il ~(a,) ,. p.( a,) and R(a1) < R(a 1) wilh ot kasl Or>< 
Ífla¡...tity"b<Uo¡ volld. In thc eumplc jtlol considcred, ~he mc&a 
vrJue:s .,.... .., ¡.iveo prn"iowl)' and the risk.o m · 

¡'· . 
R(a,)'"' O.S(¡-10)", . 

o.5(1- 1or + o.!!(•- 20)". 

1 < .10 

(
O toCIO 

R(a,) "' (;- ¡o)", 10 < ,. • 

Thm ,.f ... tltat lh• oU1 ¡, lbc oomc, that is uro, it t e 10 and oo 
we prcfcr a 1• ll>e ri¡k ....,.;iolcd wilh a1 il one hr.lf lh.o.l .....:i· 
oled with ._,· it the w¡Ot rctllnt i> bctw=~ S lO and $20. Tbc tUl: 
as.odaled wilh .,, ;.. 1o::o.o 1han lhttt .....C..Icd wilh .,, it 1,. 20. 
And ro.,_¡..., p(r>¡) > ~( a1 l. ~ prclc: "• rqard~ o/ thc lar¡<l 
«<utn. Genero.!! y. DO in 1lúo COS<; F!Shbo•nr"o bclow-targ•l moolol 
will r<wlvc ~~mbi~uilios ... ociated wilh the ~tandard mo110~ 
•arianoc model. n.. dc<i•ionm.U.or i> free 10 spccify a and 1. 
Thuo !hit "'P'"""'" a rather ""'M di>IJiinanoc lype dociaiolt ntlo. 
E.lozu.iQn, ot thi> rulo: lo tM ea.. ot multiauribo.ne and multiplo 
objocti\-e prdetcno:u •·wld h.l'"< comidorablt •olue. 

Swhjml<'< Uti/IIJ" .,...,., A numbc: ol' ,.~arrhors ha"" pto­
po:.cd holi>lic dcci>i<>n ruico b»cd nn ~he ob>en-otian lh•l pea­
pie. in un>idod .;tua~ion•. do 1101 t)"pioally ¡>t:tl:<i"" (obj«ti"") 
prob:obilitiOJo o<>Cb 1h>1 the [Undarricnl.Ol probabilily ptoperly 
!;. o/',"' 1 il 10!W">cd. ll>ere p=t17 n.isU .......-.] dccisi(oa 
si'""'""' IIICidcb baoc<l11¡>011 a >ubjocioc utili1y lheory ia ..-hlolt 
probabililks do ""' oum 1<> one. ~ lhesc m cenoin•y 
equi•·akncc. 1hcot)" due tn !l>nd• [l-44~ oubj<-ctivdy ~-.i&hted 
Ulility 1ha><y duo In Kannorbr f 1 SS]. J 119]; OJid pr<»!'C"I tbcot)" 
due to T•·cr>loy and Kohncman 11~4~ [lRS~ Th""' h••'bcca 
10vcral :..Jdilio"-'1 studios in••nlvin¡ JlfOIPC<l lh<(lry iiicludin¡ 
1m-... ni Tholor [l111 ond llm.hcy at>d Scltocmolcr [152~ [ 1 Sl~ 
snm. ol1bc r .... oo.tions rcor tbcx wbjmi"" u1ili1y 1hcot) ctron. 
coa be loull<l in 1ht carly ,..,.k of Alloio IJ) ~oho W;u amon¡ 111< 



...... : ....... ~ 01 ~~ .. DUI4T- '"""'•~D O&!><: .... O 

¡101 In nnl< lhao_ll•• ncrrn.,;,~ o•¡>cclnl ~lilily oppmoch o/ wm 
!"<"\lm>nn •!Id M<>~&en"""'· olld 1ho suhjc01ioc o•p«lnl ucillly 
,...-.Jif">Linno, did 1101 ncrc~ly dnnibt 01<tu>l desaiplive 
d..,;«' bth\inr, Wr btllo.-o chaL lh<oc oLI!Ilin aic cs¡>«'i.1.0)' 
rrl<\":uol to idl<><=lion ')''""' dni¡n and.., ..,.,111:Lriu «le>....,, 
l<iourn lftlfll 1hnc cllocu btR. 

In t<'I'I>ÍIIty cqui•'illon« thoory li~ u.iomo ..-. o.,umod. Wo· 
\liJI UK lhl: l<rm p:-<»p<"Cl Of p101¡><01 (>, /') 10 m<OII lh< oppor­
cunily LO obc.in nutcomo: • \lith probobitity P. Simply >!oled, 
'r'"' ore u lollov.-.. 

1) Ptrfrrrncn ar< &n>-.rl><d ""ly by u1mlin and lli!ICOm<l. 

< • • 

0--"---" ,., ,.., 

"' 
¿/"'' 
,.·~ .. 

•• 
On< io indolforonl bt!-.-.:cn 1 DOIIIimplo P""I"XX >nd .,. 
Xlu>ri>hy id<nlic;l) simplo pnupttl 'llil.b 1 oÍ>I&Je tvtnl .... ~ 

2) Complolc ordorin& o/ p<<»p<<IS ;,, pruoiblc ~~~~~ uonsicl~i1y . ,. 
ol P'"'l"'"u cli>IS. · 

l) Continuil}' <Xisl< suo:~ lhal il (o,, 1'1) )o(>¡, P1),JI>o (r,, P,) · 
tbm lhoro ooi>ll on G ouo:b <ha! (r1, 1',) 7~~• 1, P,) + <•• 
- .,,, P,). 

/(P) ,_ ,.. + (1- 1')" '" 
...r.en, O ..;: " ..;: l. Thio lr:.~>lonnatim ol prob:lhilitiet U ...,.,, ~~ 
I31J< ~bi~tics an: unok>IOL<d and tmall pr<>bob~ili<l <'OVa'· 

. llatod, Kum.lrhr om1•b·_,jzes lh>l 1M probobilily .,.·ro¡ht• 
!n& lull<'lion daes noc "P' .sen! • pr<obobílity pc=plion ¡,l..,.. 
OIIlO""" bu! ,cp,..oonto o ~;,_,in <he .,·oy in "hicb (<>bJ<•Úvc) 
ptobólbilitics .,.. dnaip:> ly incorponltd in1o cbc ovalu>~>oo. 
prioritiution, and cboic-o. "Y>& p- la Ibis mod<l, th< /inal 
wcl&J<Ifd probUJiJiciQ .df ""' lO """ la aooord ....... •ith tbc. 
ccnvtnlioo.al Sllbjective • crt<d ucruty lheory. Howeve~", tbc 
up...uion l<>f ony nor•. l.a;J!io"<'i&J!c .,.¡J',(•)J ;. accually 1 
/unc:<ion of lh< voluc el r: ·lit• probobi~Lics .. ><en;, (7). lñe 
ollect• of Lhi• c<>nlonndin; · influencc rcmoin co be in•·<~ti¡at~d . 

4) ID<kp<nd<nco W.IS <u<h !.bOl if (>,. 1',)- (X,. l)'l'i, \hm 
(!, r1- !Ix,. l) whcn: ! 011d P lt'J'.,..nt ~...,.,.... o/ 
0\II<'Omcs Olld pr<>babilititl o, :uod P,. 

$) Enh>n<Cd pro.pec~< ""' prdmcd i/ olld only !( o bulo 
_ prospttl is prcl<11od. Thus ¡p,,, 1'1) 1> ¡p,1, l',)'I{J >O if 

111<1 only il (r,. P,) ¡. (r,, P,~ . -

Th<$0 uloms Ul' oufflcienl to inmrt U..t lbt lUh.i«'cl .. ulitity 
'"~"" ol aloemllivo •,. CE(•,) = CEf•f.,,), P(~.)f = 
U[!,{"'), is linear in 11 o.ncl o/ll10 fonn . 

• 
U(!'•!')oo! •:w(P,'} = ~~(f"}!'· ,,, ,., 

• 
A.\ioaos 1, ~. and 5 incorporal< Lh< majos~ lrom Lh<""" 
N""""""'-MorJ,<nS!<m uiom>. h appciiJ ~oduly rrslriclive LO 
~lli« l.ballhc utitity func:lion bt linc:or io Lh< 0111<0/IlO ond thil 
ii n:&loOII cnou¡h lo \l'an-om lhe d<'o'clopmonl o/ 1 mOfo robust 
1~. '. . 
. Flshbum ( 115), hO\I'tver, hu shown that ccnolnoy oquivaloncc 
thcory mllll "'d""" lO !he: <~p<<<od •·aluc mod<l U(>, 1') = pr, 
I¡_,o.( lj) • 1. Thi• O<C\>!'1 ~><nv .. o1 <lit ""'";,.M.i ""'' ;,;,; 
DIUS\ bt indilfcl'tol btt"'""" 1 nonsimpk pros¡>«1 ond 10 oc:tuari­
llly_ o.qui~~kn1 oimpk prospecl. To Ílll~n: Lhis /or !he: 1100 wl· 
"""< ~. lO< lhe &<oeral aclua.;olly cquivoloot ,...., oulo:ciilO 
prolp<CIS of Fi&- 5, rcquirn th;,¡ w{l') + w(l -1') = J.',Tbi• 

· <erloincy muS! bo viO\I'od u tno<hor limi<atian oJihis omoinoy 
cquivol= lhcory ond indioolos Lh< <oruid<rabk <""' !.bol mun 
be excn:iltd in modilyin¡ !he: bosi< ulili<y lbtury u1oms.. , 

'Tho: lUbjecti"' ... -.I¡JIIed uclU1y modd yitldo /or lhc SWU ot 
all<m&ti"' "• . 

.. • 
SWU(a,)=! ~·fP,(o>,)jUf•,(•,)] ,., • (6) 

,,, 
' . . .._. 

Allhou¡h a ~ari01y ot prol»hilily .. ·ci¡htin& funcotoru »« pru".;. 
blo, Kamurlar jiU~ ( 1891 P'"l"'"" ,... of o Joc IV>m'l>.l lunc:tioo 

•{81··•·(,:,¡ "' 

. The ('.OQSid<r~bly "'' >ophi•ticOicd p<O.Sp<<l thoory o! 
T\ocnly and Kohnomon 1 ·~ [1~51, •'OIItoiru a numbcr ol mod­
iflc:i!ÍOII$ .0 expectod Uli- , lh<:ory-. l't<IIJICCI \hoory COIISiiiS of 
.,. odiclnt ph>o< ia•·oll'in r.unin& ol conclO&tn<i<l. .:<l<Unacl-. 
and ""'""'- loll""'-.d ~ -- o.o <>"al,..tim ph>o<. Thue modify 
subJectivo np«:tod utili• •"""'>' •udo u 10 <Monee ·~,Wdod 
do..:ri~tive •e•lism of tho . o<Ol)' • 

1) In th< cdllinf. phaJ<. obc_dccislod Ntuation 11 re<;l'l lnto a 
· numbcr ol simplor .;,..,,¡""'lo ordcr 10 make th• • .,.alu.l· 

litlio l.nl simplor l~o 1hl: cbooiC<malo:cr. 'Tho: W.U ¡., ~<lltiiiJ 
..-. vcry miK'h dq><ndrnt "" !he: conclntrnc:¡· Au ~linil_&t,. 
IWid alld ol/cr polllbihtics lor codin¡. combinin¡. ,~VOJI.l· 
in~o can<ellin¡. and dotcclion ol dooni""""e. 

l) Valu.e lunelinns 110 dcvoid ol ri•k anicu<lc onda:. uolque 
· only up 10 prui~"' •••io muu/ormations. _ • 
3) Ouoo:cmes"" <>prnood u paoiclw or tq.olivo <'<"iUlcnu 

ltom & n:l<rt!K'C 0r IIOCIÍnaJ OUI- .. -hirb U, • .i..,.e<l & 

~aluc olono. n.... m,.. chon¡a "'~"'="' chan¡,. J in ...,., 
pO>i<ion. Pnoi1ive :uod nq.atM: ...,],... 110 II'C'Iled, •tl<rently 
..,¡m 1ho l)~Cal vaill<lunc:lion b<in& on S.Wp<d ·"'"'" th.al 
b o:cnvo. bol.,.... tho rdo«neo: poinl ond """""'"'· ab<wc h .. 
Disp!c~>UfC ,..¡,h loso is 1y¡>ically """"f thoo, 'pleuwe 

. &1Soci•lod "'i<h oh<"'""' pin. _ . . · • • 
4) Prob•bilio~ -.oi¡boo ~·( 1' (" )] n:lket &o ur.a:noiñ ""'""""'. 

"""tribu1i"" LO !he anr~'li'"""" ot • p,....flt'CI. A• in SWU 
. ·. thcory, hith pu>bob~ili<> ~ u~&IU<d añd ,.... anclo _ 

; m·o,...-d,hlcd. Thc lollffl.in¡ 4« """"'& thl: P<or<Ui•• of tbc 
, ,. -probabilit)' .,.ci¡hlinl/unc\ion. .. - ·- . · 

·· 1.) Truc ol ""'"""'' "10) =O, -11) • 1 
b) Subodclioi•-. 4! lllw 1', • ( •1') > '"11'),0 < " 
e) o.-.,...oi¡h1<d for ..... n p. "1 p) > p, p < 1 
d) Undc .... -.i¡htod ldt bf&• 1', ~11'1 < P, 1' ~O 
t)Subttot<in-,.(p)+,.11-p)<l • 

. ~ SubpJop>nion..ol •1e1')/•1 P) < qaftl')/•1/l,P J, O.< 
,, .. a,p,..;:¡, .. - ·- .· .• : . -· • '""·J·,. 

5) Th• ~.rúo ol • P~'<>~J>«< '!· f'l .. (r., 1'1) + <••· 1'1¡'¡• pve, 
by .. -. . ·.; 

• 



lllt .~ ....... ru.tl.. ........ ""'" C'JMoliCnCl, ....... Dl<'·ll. "0- '· .... , ..... 1911 ·_. . . . 
lar mktly ,..,.;,;ve I>'"-'J>C<1> in -..'lokb 1'1 + 1', e 1 """ 
s, > '• >O, .w wicdy nc¡ati>'t' pro•J><'C'' In 'w!oich 1'1 + 
1'," 1,,, <s, <0. , 

b) f'l!, !') = ~(1'1 )o(S1 ) + ~11',Jot•1 J (11) 
for ro¡ubr P""'~'"" ,..¡,¡.-b ~"' pn><p«IJ 11»1 are ne:ilhn 
wiclly pm.itivc nnr 01rictl~ n<pll"" in lh>t rithtr 1'0 + 1', 
.. 1 o.ndjor vt•ol o.nd •·t•,l ""'ot O!>PO'!lt ll¡.a.': 

In 11(> ocn"' is poo.p«1lh<O<')· f'o<'>oC(la. ~ nnrmoti<o tl>mry ol 
h.,..· pc"!>lo >hoold mo\;o dcd;lon-. Th odilin& n: froming nf 
""ntln~ondc>, allorn.oi•·< ooto, and nuu,omo> i• ;itnilor 1<1 tho 
!nrmul>tion >!e¡> ni tho ~~~Iom> P"'<<>l. 11 ls in this lurm.in¡ 
ph»<- Lhot Lho cnntin"'n<y l"'k >lruc:turo and d«i>iOII lituatioa 
modd "''·in o!f«:l. lonnod. For ""'"'""'·in • p<.'pul,tion el""" 
million pcoplc "'he re block lun¡ <li><:~>e mi&)it kili No tbouo..nd 
poopk, po..iblo forrns ;uc 

Fornt 1-Ahorru:ni•-c a 1 "'ill<avc SOO p<oplo "horca. it ;,!te,. 
nativo a, is ~dnpt<ol tllcfO ls • O.l.l probobtlily o/ 
sa.-in& 2000 pMplo and 2 0.7S poobability o/ ool 
..,vin& an)'O""-

Form 2-Alt=ali•-., do will r<>Uit io dcath of JSOO pcoplc 
whc""" ahcnrooi,-., u, -..-ill rcwh in o O,ll protrabifity 
thot no onc: "ill dio ;u>J o 0.75 prt>bobility lhat 2000 

peoplc: "''" die. 

TI..-st '"" fornu are ocolly th< .,me, y<l o:nony pcoplc "ill 
Ínlo'l'r<l thom dilfcrontly. 111<: ,-Jitin& cr forntiot ph•"' el pfo. 
spcct lh<or;.· olio"'' difieren! hnoopr<tolioiu and lhu> mokes 
prn•ioicn for diff<rcnl,.·aluatinn ~/ tO>Uiu in !orm• ol ohcmoti•c 
fonnulotion• of thc sorne isouc. 

Pro<p«l lhC<rry is <>pccial!y _. bk le COp< 'o\Íih rmtJiwtt• cffrru 
in o.hkh p<op!e .,,.,.,...,;p.¡ ""'""""" conoidcml cw.Un com-­
porcd o.ith tho>.: coru.idcml •.nly hi&)lly prUb•bk; ...¡lmio<t 
rffriu ia "'hieh prckrcncn a<' '"""""~~ wl>tn two pooiti,..ly 
''~(U0\1 OUICOmc> OIC r<pl-.1 b~ l"o "'-'&"ti""\)' Va\~ OUI<O""'l; 
and úO/Oilr»l r//r"IS in ,.·hielo P·"'Pic Jisreg:~nl Mntonon mrtcom< 
compor><:nl> >hooC<I hy ou<cnn•• ' ond /<>CUS only on compon<oU 

. lhal di>lin¡ui>h altonr3ti•os. lo:; '•nomon ~d T\•onky lu•o ostab. 
usJ!.d .., u.iom.>~ie b~~>io r or r ·"'P""' tllcary ¡ 18-41 fot 1hc '""" 
OUICOIIICCIUC. ,. 

lo a r=nl 11udy involvin: prosptel ~. H<rshey and 
Schoom&lrcr [15!1 q=tioo th.· ¡.mcr:Wty of tho «llo:IÍO<I by. 
potllcW ol prospcc~ tha>fy ""-'b ""'"' th.o.t .. ymmomio pncfer· 
crt<n are found whcro camporin¡ pin pr<Up<Xll wirh 1<us JlfO. 
Spcc1L Titcy inltoduco /nur 'YP''' of zdkcli>ity dopen~in& upar¡ 
wll<:ol\<r oubjccts chOOJO po>lli-.• pto>fl'XI ( •o, P 1) 01 thc noninfc-­
rior prO>¡>«"I (>:. 1', ), orrd whol:ocr thoy cboo~ nc¡>liV< prosp<a 
t- '•· 1'01 w (-'', 1'1)_ A<;,..,... •ubJ«:l :ond ,.-¡¡hin·subj«t otfloc­
tivioy ""' cxamincd 1a temu nf .. ·hothct oubj«ll do ot do nat 
ch<oox and do or do 1>0l ov.itch from .._r. to rWry ~u.. 
They e«ndt>d< lho.t prcdóction, of p<O>pocl thccry cal.c...:..Unt. 
rdkcti•ily dcpcr><l upon thc o'>e ol pmb1hilities. FOf f' ]:~t&c 
cnou&)l to in>urc unJcro.ri¡hlin& of protrahilioics. j¡ appc:!tS llror 
thc ,..,ncc,;,;,~ hyf><llh<>Í> i> quuc •·alid. For on1alkr •alun cf 1', 
1<0..-,oi•-ity i> ndthcr pocdictcd noo cxdudcd.from tho rtsullS of 
ll<'f>hc.• ~nd S.:hocmakor. · 

In an<>thcr >1udy Hcnhcy ~nd SdtDOmJkor ll~l] cumir>< 
prol<tcn<n too- b,.,;c in>~~"""-"<'·lou louorlos :u-.d obow.thot rWr 
takin¡ ls pr<;>·oknt in tho donuin ollos.CL Tbcy ~st a utilicy 
luooti«n •bid> ls COC>cott loo- ¡,... lrwco ~nd """""- fllf br¡n­
nnes. n.c,- lno.lioe3te 1 cont"'l ,•fl<-er in .. -ltich •·ariow i!IJllnmtc 
f<onnul>tii'IM k:od to> mote ri>L 0\'C'"" b<:h>~ioo rlwt ror llatisti· 
C3ll~ oqui•·aknt pmblin' fno.,ou\OiinnL lr.o:ir <'On<lwlnn thot 
pmbahi\iti•• ~nJ ""'""""" ""'' t>< ol \<>11 ¡uidaMo in innuondnt, 
d<-ciiÍon bohavior u ~n.:onaicli<s conccrnin¡ thdr n:o.:o&nitud< 
; >er<:u<. >l«n&<h""-' ccnjcctur ,., <'On<tmin& !loo innucncc ni con­
,: ":u-.d p<r«poioru 01 d«i>i<>.\ ,;,.,,ion strwturol nt<>drb "P'!" 
,,...,;,.·- rtsultL · - , ' · 

• 

.. 
Th•lcr [371] ox>mi...,:·. numt><r nr thc tonots ol pr01poct 

th•'<r')' ~-llh '""""IIY .-..-ry pcdti"'' e«nfinllin& rooult>. AclJitirmol 
<<>mn>OniO C<l!'l<.'<rn•"' thc ....,;no! P'"""""' thct>t)' 41'1"'"' in a -
proviow '"".cy in lhaoc u..,_-¡ 1m> IW-11 i~>Cit>din& tho <omcrva­
rion th>t o ~ of tho rnu111 cr pln'lpoc~llrcor)·. -..lbdt ..-.: 
>«ntin&Jy at ~ ..;LJ> cq>mod uti!ily thccry, ... he.._..,.,.,..­
m<•l>t<d wet'C>SJully """' multiplc auriblt..- utility th<ooy . 

. E>.to.,.;,_, ol p!nspocl theNy 10 includc multiplc allr\hu..­
profcro....,, 1,'1• numbcr ol ""'"""""- ><qucnlial muhiot.o¡c 
dod;innmakint,. risk ova.iOII cocrrieionl>, 011~ suh)OCii\O prob• 
bilily off,-.t< '"'"Id d<l mu<b oo> oublo thi• •i¡nili,•>nl dcvdop­
nocnt to b< of <;>n VCII<T tuOfulnos.s in o.pl:iinin¡ cnmplc• 
positil'l' ot dn<ripti•-c dceisioo beho.-iot. 'Thi• mi¡lu .... u be ot -
mudo 1101ntativc use .. .m!. 

1/rwü!lr DttUiO<r Rula 

A numb<< of docisÍC<I. n>l<> do not in""l"" (Ompo:Uom in 1 
ttuo hnli>tic fO>biM. Ratllcr rhcy invuh-c romporiscns ol ono 
oltcmo<i•·• with onoohcr, ¡cooroll) ,.-¡¡¡~no ~1*1«1 ahoroutivc 
<CI ond 21tributo ><l Within ¡he hou,.;,.tic cl.,. or deci>ioro rules 
""' ~tuy di>tin¡oillb thosc wbidl rotr>¡oaro alt<rMiiiiCS a¡:tÍn.U 
101111: 11andard by ,,...., "'- C<)ltj~nc~ ,~ or dlsjunooio-c rnm¡uri­
"'"" <hDoo .. iúch oomp&re all<rnott.os loC10:tl ~unltutOJ, and 
,¡,_.., o.-!ticb makc rom~ ..;,hir .>lln'butos. Gmonlly, ll1e<C 
NI<> an ro>uh, ~-!ton 111\flroporlY oppli<d, in intnnsith"<' cboi= 
[289J. Wo will ccnsi&:r .......-alrults rrom cado ¡ubeatc¡llf)'. Fi"t 
-..-., -..ji! di"""" '"" """i""'pcns>IOI)' rules J90J tlu.t ""' oflo~ 
u<Cd whc" thcro ls an ov"obundance o! data prc<Cnl. 

Disj.,.«ic't-A ~ .. juncti"" decision nM il OC1C U. "'hich the 
dccislon~tukor idonlir. .. mi<IÍm>.lly acecptabk valuc standatd& 
lor cacb rol<'""" auribute. Altcmoti,... ,..hicb p;ISI ohc critioool 

- llondord "" """ or more auributcs ~ nt:oi....r.. Alt<maiÍIICS 
w!tlch lall '1below thc criti~ ltandordS "" all attributcs are 
oUminat"". 'A sin&!• allomativc ls a.a:tp\od w!tcn lhct ctitical 
otandordo ore SC1 ot>clr th>l al] but onc allcrnlli"C lail lo cxr:c<d 

1 

j· 

' 

1 
1 

ony o/ thr critico( "'tnd:~tds QD ony Allribul.._ Unliko muiiÍal· 
ltibuto ulility tbccry (MAUT) rulos, whot<" pocr pcrlcrmonoc on . 
onc ottributc can be mod< up by ¡ood perlcnn.o.""" "" <»lw:r ¡ 
aurlbult$ aucb thot Lhc nrlc b ~"">'• 1 d;.ju.,.oioc d<d·- · 
lion "'le: il """""""pc""'tor}- A a>mJlCI""Iot)' appro.Um.alioi! -10-
• diojunoti"" dccisiod rule '"' aun1tutcs¡1 il - , ' _,-¡ __ ; _l 

., .. l. ,.,.~,·¡ 

U•! ) , ~,:>1 · {12)· 

,., (•+" •. . 1 • . e, . 

... hm: m reprcsmu thr 'nllltlbcr el ouribuiQ aDd <, is lhct "'ilical 
~•luc oro tbc lth auribute. U U ls 1""'\Cr thaa oo>e, tbc altcm~ttivc 1 
in """''¡"" ls n:!ained. 

C{JOlj~~n<tiw-A COfljunoliYo dociliOII rule il ""' U. .. -bidt 
minirtully occeptoblc: ,;,~,. otand.ttd• lor oaob nckv:tot otuibuiC 
aro idont:fi<d. Allorru>ti\'Ctl are acc<pl.llblc ii !hoy t:<OCCd o.ll 
minimum standards. Thl)' Me rojoctcd il !hoy fai! l<l ooccd OIIY · 
minimu111 otandord. 111<: erioi...,J •aii\CS for dlsjunotio-c ~nd con­
juncli"' tul" aro gcnorally di/loront A romrawlory ~pproxi~ - ... 
oion 10 tho noncompcou:uory COlljut><tivc dc¡.ision nrk b · 

. ' 
U•fi¡ ¡·••"'· ,., l+!r ~ -

An allomotl•• ls rotain<d JI tho .:: ... ~din& 1r1mty U b; fJ~ a 
thmhnld .. -bicb ;, .. , juol oti&)ldy b<J.,..· l. n..:,.,.,rprn>Jmati~n> 
for 11>1' ~iojunot/V< >nd conjun<li"" rules b«:otnc no,...,.,po,.... 

· to<y u'w, •ppt<»dla. infinity.:. \;:. • • 
by ll<•Oiin& thrc>u&)l thc COlljunr:ti.c :a«cpU- and dlsjun<­

titt rc,i«::icn tu1c ...... ro time> .,-¡,h 3d;...W.I< o:riticat ~"!"<' "' 

·--· 

' 

.. 

' 
,_ 

• 

., 
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..... : ·--~ "' .~ ........ ""' ,,.., ' ........ .....,...,., 
a•pirolio>n k• el>. eh, . ..,. ruko bo<runo.". in rfk-.:t. ¡.,..,, of S..li>fici"' 
·~1<>. 

Doouin.:>n<'<' on.-.kl> 011d ~JJi1i1< ditrcunn: mo.k-l1"orc '"'" 
"'""'p\o."> nf m<okl> w·hi..-h kod on <k<i""n oul<> in">lri~ rum­
r""....., "''"" """'"· but 'not ~!y 111. oouibutMo. ¡..lo 
,,;..;nw~,. >1anol:ll"d nf f"'"fiNmofl<'f"" omibuo.._ lhoc 1> lo> .. Y 
noinónnm> >•¡>.."<1>. ar~ idcnurl<d. . 

flo<uinan("l"- A durllinltll'C do:<ei>inn rulo Í> one wbkb choool:> 
ohCm.11i•·o ~ • .,....,. d¡ if a,¡, hollor ch:m a, <>n •• kN nno ••f""d 
onol rool '"""' lhon "' nn lll)" nthorll>)'«l.ll.n »p«l iothc scorc 
ool • lf""<ÍIÍ< •n•nti"" on o •p<.:ir.c amibuto. Thoro oro o numbor 
nf •pplkolinno nf d<>n>in.>n<~ 1~. indu.ling Sln<h;~.>lic dnnoi· 
""""""· 10 dni>lonnl.lkin& o.ituot~>n' tll1lS4~ l7S1tm1[l5&1 
[3991 

AJJill<r J,ff<mu"t- In on oddlti1"t di/frrc"'"O rulo[lllJ·P~S1 
1 bin;uy chni~ io m.ldo b.:i"c.on >lt<rn>IÍI"<I o1 ond •:· ])if. 
lcrollrtS oro conrJd<rod b<lll<<n •·olun fnr a 1 •nd ~, on oo<h 
rd,..onl ""rib.,oo. Dllr,•t<R•"> nf th< f01m U,(u1)- t((a,) arr 
onmpul<d. E.>oh of lh< di!/o•r<nc<" io ~·oi¡hl<d in prnponion lO 
thc imponlnco ol rilo dilfcrrnn-s ""'""<<n al!<rn:ni~ .. on thc 
~ariow oruibutcS. 1bt rosulli"& -..-.i;Jil 1> f.IU,(o 1)- U,(a,)~ 
Alkrn>lil" 1 io prd<ncd lo >lt<<~"liw 2 onl)" íi 

• I /.[U,(a,)- u,( a, JI >O; 
,. ' 

Thi• i• a cnn>pcno~IOl)' rule and <"" be ""'d 10 rom~o Any 
number of all<rn>!he> n>e!el}" b~ rm.lni"' lloc .,.jn""' iD c3Ch 
com¡=ioon ll1l~ Onl) if 11>< func•ion.l. = tin<ar -..·iU !he 
oddili..- dolfw:mc rulo """"''""rily l<od 10 ,,..,.,;¡¡,... cho:oioe:L 

A thi<d in>¡>Ofl:utl "'b<:ot<~ol!l.t.>!ion Ín»oh"O$ COinpari.on 
v.ilhln allribuiO>. Thrr< 010 a •·arico y nC k<Í<O&fophic proccdun:s 
iJ21) and lho <lomin>tinn hy a>f>'"<" rule [3~!1. 1!81) "'hich 
nplicilly imuiYo c<>n>po.ri•on oC ah<nllliv .. nn 0110, nr :11 m<>ot • 
few. auributcs. 

Uxi<ogrophir Drri>iM RW.: Thio rule pn:,..ribes 1 chnico of 
tbo altorn•tÍ\"0 "11ich is mos1 Oll!loo:IÍ\" 011 thc n>(t>1 imJ>(Iri:U01 
ollribut<. 11 ,.,.o"'""""" cm thi• anribut< IU"< <"qU:>II~ lllfOCIÍY<",. 
the dcrisinn ,.,1J t-e bal<d """" lh< (nCOI ouraotivc 4>1"'<' on thr 
ouribut< n<~l in rordC"f of im¡.onono.'<. cte. 

Afitlino""' Voffr~n~<"< l~xicographir Rulr; "Thi• rule io much 1i1<c 
rhc k>.kovarhic rule, 11ith 1be odditionol ouumpoion ohol for 
oaclt allribut< th<rc is 1 minimuln II<COJlUblo difiere""' fl, o(. 
>.ltcm.:niv< ''"''..._ Thuo, only diCfcn:ncos ¡n:.:ner!h:m :., b.:twt.:11 
tbo aura,,;,..,.,., 1"11..,. oC ,_ &htm:¡litu ""'Y d<l<nl""" .:o 
rlcd>ion. 11th< diffon ·"""" th< "1110$1 impon:>nt otuil>utc;. ku 
th:m fl, thro"tbc o•·n"butc I"IUI Íll che i!'•i"'1"'Phic ofd<r iJ 
ron•idcn:d. Th< 1....; .. 'p<>phic ><mlonkr n,¡lo Í! 1 sptciol case nf 
thi• dc.:i>ion no k wb<1~ :., i• ~clincd onl)' lor lho rnoOI lmpomnc 

'ouributc. r~r al! <>lhor .auribut~• :.;.;; ~- • Thio proe<durc nt..')" 

·t~'"'l} be <U<nJcd 1<> """"" whoro tho.hh::.kfin«l f<>< tho two 
.. """t Í<llf">U¿nl .:t>p<>."IS. 1"hi> nt)c' to-;¡fl.-u_u.N in oituooiono 
. ; ~hcrc inf<><m.:uiatt oh<'Ut,.:tnriflu.r.<> ~~- ..i:.sin& .,. a "-.uh of 

,;,pcrf«1 Jio.:rimin~tinn """"" -:tllt"~l<Oi> ,,,¡ • J.Í'"" ouribut.: 
nr ni unr<l,~hilil) nf·••·:tilohle inf;;,~,;,¡.,¡,~(n-,cncrol tlli> rulo 
l<ado 10 ; .. ,;, .. _,;,;,, chi\i,,,;. "h<il",th..-.r ,,.;, · '""" ch•n '"" 
ohcmoti'"' ( 1 n•o¡· cvrn k;.J loi "-"'nJÚ!,l'<nJonl mulo• fnr o he 
t&>< .. +ocre tlt<re are nnh· th""" ;,ll•"m.IIÍ>•~ Onc >h.IUicl be 
uporiall} cardullo «:ut>i;,., ,,.),,¡(,,."u.<-.! Ciir ordorinc o horno· 
ti> es 10 oll<n>pl lO d<tM u>< ,o{ ho:uri>ti<> -.¡,O> thil, <>r<•i.;)lly 
il nona-pi> "'''h .,. rr:•rosioi•-i" or< u>C"d. f'l.~hop. inf,.,noiolly. on 
clotonni.,. ra11i>l ~~rclorinp. Tiú• '"""" lh< n<ed !no •mio! <••• "'hcn oucmptin¡ In u>< tian-ioi• ily """"'1'" lo inc,., oor.tinal 
prclcr<nC\·~ n .. rr.ulling bilu!O '" =k di ... ·nnf .. min& inl<>nna­
Mn mly \\di «<ll< >lru<ourol pt.:C<«no"O illu>Íon~ 

EJ.nh<>rn l'l~1 [911 ftr>l u,., oh< l<nn ~oui•"<KIIC irrok-.·ont 
karnin& .,ru,·ourc~ LO d,· ... ·rihc prt><.........,. •h;.b U><d cl<ficiool 
h<url>tic>. onJ .. hich lhrn ,,.;.c,,.,.., JIOOO" chcoimo lhr<>U¡h ••f'l.·ri­
··no-n int-ohin¡ fmlb><l ......., l...:k ol d;,.....,r,,.,¡,;n¡ O>idCIICC. 

,.,...., ""'"~'"' irrclonm :<amín& olnl<iute> ¡O! LSf n> ,. •••ult 
ohhcr fmnt unoidod ¡ud¡mo 111 P"""flo>C> nr lr<'ll> po~,.¡~ . ,, ..,;><cl 
'" l"",jhly ••·11 .,,.,,,,,-;,·<ti hui lmpmporly utili«d. and .hcrdoro 
im:lcvont, oy>lcml<" m<tiK>J> O<" p........... . 

Tht ~fouin~:m.~ N un~.,¡ .-Wn- in Gmn~ All'll<ll1"<"nl 
Rulo: llti1 rule pi<">Cril>n a,.,..,..,., nf W olc...,.thc tlu.tlu..s tho 
¡rool<f nunobo."f oC fll"<trllolc omihuln Spc..'if..:ally tbo ñolc ,.... 
quiru ~~~~ che aspccc of o d"'Íoinn altcmali>"(; muso be cl:»>ifi<d 
foi ooob ollrihutc a• bell,-.. rquol ,... ,. . .,..e than thc our..-ci1.,. 
"'""' nf 1ho mhor allornoli>"t ot1 llu.l ollribul<. Tho pl<!Ccrr<d 
allon>>ti•·• .,.;!11 be thal ~·hido h:u lhc r,n:.:tlol numl>ti of f.:o•·O<"O· 
blc d.:t>s.iflC;t"•nou. 

EJ,,;,..,,.. /1:1· A•J'"""' In this rulo I~IIJJ. f.'~l] o11n"bu1os an: 
>..'Wnl<"<l lO loo•'< diff<rcnl in•f""'= "-ci&hl>- Arl allril>ut<" iJ 
!.dOC!<J wilh whioh 10 """'~"'" altcmali,... ,.;,h O prnb<>bilicy 
!hol io prOJ>I'riÍOnollo ilo t~dgbl Al~ti>n "lli<h do IKII hoi"O 
auributo ...,,,. obo>'< snmo O>pimk>n nr crilical ¡,..•el ore 
climina«tl. A 1=nd omihule ;, ..:loco«! .,;,h pr<'bobility l'"" 
portion>l to iu ""<i&)tt ""~ "'""lullion by olimiolliM «'OlÍJI""'­
Tl>c tliminotinn by l$pCOtJ mroolcl ;. tbus occn 10 be 1 k->;io;o­
graphi< rulo in ... hiclt d<cioion-f<>rmin& •nn"bu•a ue pi<kod 
IC'COrdin' to o problloilillk rn«<u.ni$aL 

ll'ltoli<lk IJ<rioioo Rults 

h io M! ¡>(>sSiblo 10 prO>·i~• onl""·b<tt ncar 1 «omplel< liodn& 
or discul>ion olthc mooy pouiblo "·OOii11i< docision rulos, Thr« 
of thcooc "1mll>lio jO>dpn<M P""""""' """"' pc1lu.p¡ '"'"" 1~ 
quc:noly tl>o.n nth<:n: "onobfd ~ proe<du=, intuili•.., 
offco:t. ond ..,,..,,.;nr, by .,.,..,qy. '' 

S<andarJ Op.-m:rnr Pr<I<~•IW<>: St.:u>hnl opcratin¡ proa:dwn 
mo, rcoull rrom thc oppli.atinn nC ho!i>li<"' h""ri"ie proco­
durc.. nr othor 1\holi"i< juJsononl appr»>choi. A 010nJord opor· 
oling proe<durc Í< ...onlia:ly ""hol doc no~ ionplits. a "'1 of 
••pori<n«"-bo..,d guidos In beho .......... it.iclt aro oypicoDy uo<d 
-..·ithou> ....,., lo thc urul.·rl)in& rotionak •llich led to lb< 
procodun:. O/lrn sundard ''!''""''"' procedu<" = fonnul.:n<d 
by onc pcroon or 1""'P :md thcn implaneol<d by ororubo:r P"f"'DDI 
cor g~wp. Somoti,... obo)o ho~olw lu.bil O< lolk cus10m, IIICb u 
MdritV. whito ll"illo v.;tb r..t>.M 1 . 

Ohcn UiCr'o guid" And npo,.lÍnf." monualo ••~ wriuon In 
onomptJ te 01undardiz.o Df"'<>tini proa:durcs for perrnnno-. 
TIIC ¡n:otut.\·>111< of 1hoo p.......r ....... ÍJ ... d><ckUII. mnindor. 
or opliono. prolilc of onnbuta. 10 1oo1o. fOO",jUd¡mtnll 10 mok< <>< 
xli•;tico ro oclocl ,. pctlonu. A fundamental of>tn occurrin& 
dirr ..... t.y ;, lhat .., apcrl moy be oble "' uoe • ebcd.list .,. 
pmfilo of opoinns :o o &ulde 10 pcrformin« baoed api>o obe 
abili>y ol oho ••pcrt 10 qui<kly fC<Of.llÍU 1M fc31ura inh<rrot in 
tbc •itullion. Lack of 11ainin; and cxporicnco .. ;u citen m.akt ir 
nn• po .. ihlc for •h< llOVÍ<\' Id uliliu chis copacity~ror wk """" 
r<=voili<lll. Kldn o<>d Wciln!nf<ld ]20!1 [lJil]I'O"' lhao 1hc 1"'·\ 
or lroinón¡ ond <•pc-ri<n« inh<n:nl in 11>< on•ic:o. che .....00.1«1 
bclt of :bitity lO """"U'ÍU <Or'IICIIU:>I rcbúono and ~ 
,;,.,.:ninru, and thc io:oohililv nf ~~~ideo 10 be ahlc lo t<adt thio 
ahilioy ""' aU funola"""''"l ionpcdimcnu 10 thc ""' or many 
slondl!d opc<Oiin& pl'tl«."durc l)f"' ¡uidos lO Jud¡nocnl and pct· 
forman~ 

. ' 
A poi""" wbo nu~o .. ju.J¡mrnu bo...ed oo. incuu .... alroct 

oypicoll~ ul~• in infPrrn.olinn by lonkin& ao oh< M,.bolc~ nf 1 
>il..otiM rOlh<r rh.m b:< di""wct.>lin& che ohuatíon intn ia. 
<r>ln!"'ll<lll ~aru ond ooquíoin~ dato <>n lh< ram. \'aluo>ÍM io 
cypkoll)· h.,.rd nn on ouo•onpl 111 ilol.....,ino "both<r ahorn•u•.-. 
aro ploo,..nl nr unpl....,_,r, lik,•ablo 111" unlik<ahlc. ,ood or h3<1 
f<>t indi•idwh. h >tr<»<d 11><: uniq"""""' of pcr><>n.:>li>tic l"lhl<" 
jutl¡;¡ncou.. 7.>jr>ne 1411] pr • .,..·nl> o 'ct)" """fu! di~on of 
olf«t or1n·lin&., poou:<""i'i'" oclivily. 



;.._. r"'o...., IO!U ~ J<J"'!U~ < oi ,..¡t;U ~~!-~ p30<I JO '!"""•!P 
,:,.~,.... 3111 uodn pu"">p a~~ ru:><Ud >.•9:ub """''"" 
~ ¡nwo¡ e JO ""!IXIJX ':>nt>• 11!-" ""'<y 1~1 pu.~•·•·'llo 
''"'~ pu~ ¡•w>u¡ ~1"'1 ¡o "''lr<l""' >q ~U<>¡d\¡ 11!-" l>1tiUU"!'!' 
..>r e ~"'S ".11'10\UUU!'!"'P ¡¡npo ••m•w "'l' <><J!J:><."'I' '"'11 ~u¡ 
• ...,.,d :>A!I!u!oJ:I Jlp>O <>l(l!~ JU ppow O doi"'-'P 011f'"' >,'A 

" 1'(1!101¡110UU!I•JJ<JU 

. • 
' .'11<• 'oo!l»< '!'11 u!~ ~u.-p><Ju >q m• •I'A ""''!''"· '" 
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Fo¡. ~ lumin' ti"""Vo lormal optr>i;OOQJ Úp<~ 

d"P"lld u¡>On o dccisianmokor'o molijrity, «p _;_.,..,, aM rdu<a· 
1ian witb roop<<l toa par1icul01 problom. Encl, <>1 lho>e influoocc 
cogni1i,.., moin nr otross. o subjcol lhal will bo di..:uued !.1<1" in 
lhio S«lian. Ord1n:uily, a ~ocis.iannul:or will prder a mn<r<l<: 
opcn.Lianal tbou¡bl pra<e>o and wi!l mol:.e liS< ol a /ormil 
openLianal lbautJ>t P"""""' anly "b<n ~ Op<raúon:ol 
houtl>• io poH"<i...-d in:~ppropri~Lt. la &rn<ro.l, a Cllnertl< opera· 
tion:o1 thoo¡ht pro<:<:ss in'"olvO< le>o ouoss :ond may .... n in•oh-e 

. ro¡><litio< and proviously loomod bohmorol ponomo. f'•miliorlly 
and <>.porion«, wilh the i"uo ot hand Ol wilh isoues perocivrd tu 
br: 'imilor or anologous, play a vit:ol role in ooocrrte oporoti0<1ol 
lhou&)ll. In novel s.iluaúons. which orr <mmu<lur<d ;md where 
fiOI kamin¡ j¡ rtquirtd, fOlm:ol Op<r.<IIO<lO! lbo\o¡bt is lypially 
""""' appropriote tlun <:on<me opaation:d lhou&)ll. · 

We oee, In thc lore¡oin¡ disawio.., !he dominon1 role of 1h< 
<Mlin&<nC)' l&>k oteuc:lurr in 'uidin¡ problom lalvinl efforLS. In 
conore1< ~pc<olionallhouth•, pcoplo u>< CO<lcq>U v. hich 

. . . ' •. 
· 1) ort ~rown diroedy fr~m th(ir p<r>O<Iol uperi<nrcs. 
2) involve okmmt:ll)' tl...;roc•tion ood ¡cnorolil.:llion .,.,... 

: eei!ÚIIJ 10n¡jblo and fomiUoe objecu, 
• l) in,"Oivo dir«o '"""" ...,.¡ cff«l rd.:ooiomhlp$, oypieally in 

• >inople lv.o>-voriablo >Íill.ltlono: 
4) con be IOu¡)ll or undonlor>d by OJlology. ol&ori!hms1ofi<C1, 

.>londord oporatint p<'llio:y, or rcdpe; ond "hich 
~) are "tlo,.d" in tho ><nse of nol dcmandin& <>plorallon of 

pmsibiUtio. outsid~ lho lno .. :n <flviro"""'"' of 1h< per>nn 
. o.nd Ololod datL 

.!!'.. r.om.>~ <'P<'"'iM.>I.lhou¡hJ. poopl< ;,.. ~ ..... -hi~b ""'Y 

1) ~ · imo;inod. hypolholi<:<l. bi>rd "" .U~<m>.ti,.., K.naños. 
onJfot whioh moy be ro..1rory 1.0 raer; · 

'. "2) bo "opcn cnded~ in Lho "'"'<" of roquirint •pecul:lli"n obout 
un.,lotccl po.,ibititics, • · · 

ll r<quirr &.-.JUC~i,.., ,..,...,,.¡"L ·uoin~ um'<rified •nd perllops 
n."~d hypolh<>es. . 

4j roqui•• dofinition by moons of olh<r conc<pU f, ob>lt.><:· 
lions Lh>l m.:~y h:o\"< lillk nt M ob-.ious «><><btlon ,..¡()¡ 
<nnlom('OI>ry fnlioy, olio! .. hi<h m>y 

'l r<4~iro tho id<ntifi<>!i<on and' >l~U<Iurinl o/ inl<rmrdiole 
·mne<pll nol iililiolfy •t>«·ifi<.'<!. . . . . 

' Fonnol op<rationallhour,l.o i~•·olvcs lhrce principal >1~~"" 
1) ,...,,;,al olrootili,. <.1d p(>Mihilill,. 
2) hypotheli<o>-dcdU.:Ii•c"eo.....run¡ 
ll. opera~on<"" ope,.¡.._ 

u >hown in Fi&- 6. 1ll<:s< ore accompli>brd lbrot!~ rdkcti,.., 
ob!.cr>tllion. abstr:oc1 OO<I<."f>lll.ltitotion. :.nd 1h< 1<"-lin& of ~ 
,....ullin¡ """""~>' iniplio:;uio,. in ncw .;,...,,¡,.,J. !1 ;, in thl• "·oy· 
1hol lh< divcf&Cn<:O produccd by dio.:omfonln& nev.· <>pcrion~o 
allows 1he loornins of new dovctopm<nl$ &ad mncopu te be 
WOI<mdw in n.,;<ll<lo:y u pan ol')ft•"• """"'* opera1ID~ol oxpcri· ·- . A nudlbcr ol lhc co¡n;¡¡.., sLyk iro\"CSiipllons di,..,.....¡ in 
Stt<iOCI 11 "-""' eoncll>ded lha! MobJllXIw ck<üionno.!lcn ~,.. 
f11oOre inlorm•li"" oricnt<d &nd .,..,.,Id l)pkally pro.::''' mu.·h 
inlonn&!inn in mmpl" deciliOfl c-nvi""""'""u. -conm..,• ~ ... 
cisionmokon, on lho olhor hAnd. ~ould be <Xp«lrd 1.0 «~oh on 
lnformoti0<1 ovcrlo:lded SI~IC" 11 lowo:r k-veb o/ tt~vir.•m~~<nUl 
eompklity: brnct: lho:y ...-ould te!ld 1.0 prooa> kss in/' nnoúc•n 
1han "'"OUid tho obSlrxt docisionm:okor. Somo modelo of •·1-nill" 
Slyk ore b.lKd <>o. lhr aosu~~~p<ion lhal wc:onc:rele"" doris>o om:dr.<l> 
1\«d"""" inl<>nn:llion 10 arrive o\ a dccisian dlo.n do • .'·,orxl" 
deci•ionrn.okn.. ouuonin¡ lhol •concroi<M deci>.ionm .. • ,.,.. ~o 
n<>l &i"'e•ioún& inf<>rrtuúon iu fu!l wonll. and mor<""' l""nne lo· 
filS of •k<plici•m 1han "ob>tr;o<l~ dt:cisi""=k<l1 Al flr:.1 ,;l~nce, 
~o¡ni<i"' >1yk modcb ouch u tho """ Ju&&~•lrd horo •H<OO 10 
run in j>a131lol •o Pi.l¡t~'l ~u o1 concr<IC" ope13LiM..d ond 
/«mal operolÍonol lhau¡hl: Bul lhcn: - •<ry imponant and 
·...,ry oi¡nifi"""l .r;rr.......,...,¡ "Tñcsc ..., n.¡oli,.blo lhroup, lhc 
oontln&<""Y ~k""""'"' ood con«f>> of w~ . ...,,ironmon!. :.nd 
<k<ioionmol:.or; o Mnce¡llltiol oppeon. ,.·ilh""""' ootoblc: e~«po 
Lions. mi,.in& in mutb ol lhe existins e<>&nili"" OI)IC "'"'"'"b 
cilrd in Sce1i0<1 ll. . 

.· Tl1o concrot<: opcr>~onll lhinkor does niH noa:s...,;ty havo 
iimi1ed .t>JU~rs 10 p.rooeso or ino.,....le lnfomu1óon. ond !he 
"fornur operotion:ol lbinkor ¡, ""' nta:.....nly co~bk ol "ol>­
slroct~ 1bau¡bl in 1hc lp«ifiC ctonoini<"C)' oitWilÍ<>n ol h>nd. 1k 
form:ollhinhr i> n<ilh<r ~rily obk.lo pr<U">i infotmo<ion 
\r."hidlencompOM mort oomplo>ily nor beuor ablc lo cope ,.ilh 
uncrrtoinly ond di>joinl<dn...., in 1ho doci>lD<I <m·ironm<ol lhan 
ls onc wba ~,.,. concrrco oporotinnallhou"'l in • ¡j1cn dc-ci>iM 



'" 
situ>tion. Our ronlin¡on<y ~<~•k wucturo.l n><><lol for lloc mOiuro, 
p<"rho¡» n~rt. oduh ~,.,.¡,;onrtektf ;, onc in ...-hich tbt dt­
ci>innm.lktr m>y U>C lur..W or """"'~ opcmi"""l d•ool)lt 
ba_...,¡ primorily Cln <li>t"""'i> o/ !he C'Dn\ÍII¡tn<)' SIN<t""' o/ [M 
drci>i<>n >Ítualiod., ""d 1hc "ra> 1lu.t ;.. P<r«i•Td lu bt ........ ;. 
at•'<l "'ith thc d<riloion oilu>~ion. This ok~tion oi o formil or 
c<>n<:<<l< opcroti"""l modo o! thou¡ln moy be oppropri>l< or 
inop~toprl~\10. 

Sy>l<mÍC pt<'Oa'U do>Í&II IIIU>I be n">P<'f'>i>'C 10 lht ob><,....•don 
thol lh<,.. are 1•-o l•ondomcnc.olly di!Cm·nt tboo¡ht"' "'lJ'ition 
p<~ ~are ohon ~Wt><>alo;d ,.¡¡h dilf<r.:lll bah-a o/ !be 
broin PK!. (67~ 11:!01.1246-l~K~ !1>1~ 1•10~ o.., l)'J>< ol Lh<>u¡lu 
prrk•r.• is .S<>Cnba.J by iho ad¡.,.tiveo ..,tbal,lot,ioal, ><q~><no;<d,. 
thinkin5, ond onal¡<icol: .. bcro"' tbc ""onJ i>"d.:;mb«< "' 
n<>nwrh~l. intuili>o, "'h"liotic, lcdin¡.. ond hcuffitic, Tioo •whol 
P"><<ll i> typi~ally ,;.,.,~.,¡ "'>up<riot in onJinoorin¡ and noturol 
"-i<n«. Dul tlús >i<"'pninc "" elle "''"'~ of cbou,ht ~ppcoro 
•.r~n& and .<hould t.. <IU.."u~tod os poo;_ü..,ly h><mlut For tM 
'"" pr<><:t>SCS ue compkmonury a"" cttm~ublc. Tbcy""' noc 
mmp<titi"' lUid inCompatible in ""~ nor:uún&lul "'"1· Onc 
th<>ll¡ht proctss m.>. y bedcfldcnt, in lace, il ic i• notsupportoJ by 
\he oth<r. Th<: noo,"<rbal supp<nt. th<: •~rho.J by suuosting ideu, 
oh«noti•"· -.,te. l1>o verbo! oupporU thc Mnl·crbo.J by u· 
proo•in&- atnJ<lurin¡. at~oJyzina.. ud ...Udotin& th< cn:o~~ id<: .. 
ch:n .-.:cur In \be non\"<rboJ prc:oc=. M opproprio1< plorulin¡ .o.nd 
d«i>ion '-"Pport proooss muo\ !""'ido: f<>< '"<rbo.l and oonvc-rt.ll 
1uppon. An appre>prial<: plonnin¡ ancl docl.iOfl "'PI""l P'"""' 
mu11 l>c coleranl and cupponh~ ol 1 dechionmo>.cr"o oognitiw: 
(lhou¡ht) processn. Thcoc willtypicolly vory oeross individuAl> 
ond uithin \he <amo; indtviduol 01 a r~nctinn o! thc cn•irnnmc:nl . 

• lh<: indiliduoJ"• prC\ÍOUS c~pcñencc ~illt tbc citvironrncnl, ond 
th<>>C :u>OciatN fxcoro "hi<:h inuoducc varyio& omounto of 
>tr<o.l- Thus a etmti"&<ncy uuk >truct.ural Yiow ot indi•iduo.l• :and 
orgonizolions in dccilioa oicuoc;.,. U nenkd u oontr;ut<:d wich 1 
.corcoi)'J'Í.C.ol vi~ in ,.-hidt indi•id"-1b ore :usurnod lo process 
lhcd. >lolic. ¡¡nd unchon¡ing c.>gniti\"C •·ha.-.cteri>ties which ·~ 
un in nucnccd by cnvironmrnlol conoid<rotiocu.. 

Thio \-icw will cncouro&< 11> no¡ only 10 conoldcr tho e>olu~on 
of futuro cvon\S aYer ¡in>< .. j/,hcr~nlly prob4b>"listic, bu\ olso 10 
~onsid~r ,-aluc ch.>n¡o """' lin>:. h U eo¡>C<ially imporl>lll lh.o.t 
., .• con..;dcr •·oJucs os conc.linio¡ Mn•:•>mn><nsurato, lmbi¡uous, 
ond un<'<rt.lift t:ruDpononn. rotXr thon "' b<in& ~b>Oluto. con· ,¡.,,,..,., p«<Í.oe, o.nd c•<>s•nous. ~-i1h «>p<"<t •o <hoicc (ll6j. [23!~ 

T)·pkally weloam Cr<nn <>¡><."Ii<l'l<."< :tlld od"''l \'OriOLJ." d,'ci¡ion 
rulos in tbc Corm oC rn&niti,·e hn>ristic• ba><d upon this <>p<ri• 
cncc. Tiu! >1rcn¡ch ol b<licf llw "" ha'"< in lhc. u><Cuhu:p of 
hcuriolic> U ollen bo~ no reinl<>rcc""'ac 1"-""'r.b f<»dhock.. 
Einhom [96~ j9ll h:10 d<><ribcd ~o.-..·croJ •urport>"ll& )lhulr•tions ol 
\hU. As.,.., ha~ indkocc-d in S<xti<ln IV. Tbc IUC oCvarinlu I)'P<> 
o! lc>i<ngn>phk ><m«>rd<r> oCien kad la In1r>n1i1ivo chnic-.. 
"hich aro oltcn noc "''""&niffilos intron>itivo. We oCtc~ dorlnc 
i»u<> by ·oontonl rall"'r lhon Olru<turo and convin...., ouroch..,. tO 
like \\h01 "" ¡ot fwm o dcri>i""- As a <ofl><qllo!l'll,.., """ lind it 
hard 10 ><poroto dccic.innc fwrn ""'......,....in rot,.p•:·cli"" C\":lluo· 
ti<>n> ni O<lf juJr,mcnu. Mu.,;h ohhi.. i> pll>boblpluc 10 dun¡in& 
our onit.d~> ond ""' P,r..,.-ptiom in o 101}" ""kaii<C woy "ith0<11 
ho:in& """ro nr tbc ~l~>n¡o and 10 ch.mti"' <>Ur fnrcc011>. """<>­
>p..-.:ti•<l~. '" ~n.rr.·•p..mJ to <Hnl> lhat ¡,,.., <:o..-.:urrcd \\itbmit 
'"'"~ni<iog chis ohanr.o: [1111-!119/. Thu> "'" Ad<lpt a hitkhi¡ht or 
hknc,. i1 oll alongh bi:u inOuon,'tl! by a •aricty uf hi¡.hl¡- >.d<<th"C 
P"'""P'i""" nl....r.1y. 

Wo ;uc """'¡likoly In ho'"" <'<>-'>crcnl •·oluc prclc"fcn= and-orc 
ol>lc ¡,, d"'olop anJ utilizo Of'!"'<>priale ,..,,¡._,¡i1m h<uri>1i0> in 
"clhtnl<turcd oill>.:>ti<'IU "ith "hich "" ore f,¡n>ih;u, lc:~rnin~ l>y 
tri•l ~nd error ood d,..,..,J,.pnt<ot ni JIIJGm<nl b>-"-<J "" dtlh>r 
"'""•ni u¡ by ono!o¡y, >lonJ;uJ ~pcrating P'"''"'"'"'· or orpnl· 
l~ti.,nal rulos l)"f'i<."•lly IC>ulci l:nm th<><' "«•n<rcto'npo.•r;¡j,,n;l" 
>itu.otio>fl> an.J o.perkn<<'S L<>t& '"""!in¡ """ ni lhc>c ""rukt" 
ro-ult> in pun:ly off«li•~ juJr• ,;,,¡ and d,..,;,.;..., mpnR><>. In a 

lomilior ond >lmplc ,..,.Id. a "rontmc "'"'tatlnnol" ..,,Id, 1~ 
jud¡;m<nl guido. .. anJ ¡U<II'ft>.."lll ¡,,,,.,;.¡;.,. nú"u· .. -~n b<, and la 
lact .-.lt<n o•~. (IIJÍIC "'""Ptoblc. !10 a '<hon&in& otld unceruia 
~"';""'mcn'-' orc rn"""'""'nc 1~1 ;. dilf<<rnl lrom !he onc "ith 
•·llidt ·~ oro r.,1i3r, "" moy •'011 m ..,...id<robly by ...;,, 
thosc oon~le operoli~,..l "'"'"' 4PI""!'ri:ue judp.rnc hcuri>tics. 
lf .,, do no\ hO\C o dc.-.:lopcd ~ of cohcrrnt ••lucs rclali\"C 10 & 

dton&in& cn•·irnnm.:nt, "'" moy roopooJ af/C<th.,ly .,;¡h thc flrsl 
olt<rn•ti\> nptlotl ohal c"<'m<S 10 mind Wc moy ""11 Ollopl 
po>ulni>lnn ~vior 1111.it u lo "'''f''<< an.l ¡,¡nl.lin o diOS<n 
'Df>l'""' >n<1 c~UJ>l<?' ~u,~ b;..n >rtd ._...op;tiw hcuri>tic>"' 
Í"'lif) lhh pnl<'nti•lly ill-cbaocn -·•- n.;, """liS in "" 
•lfC<ti'"" ""'!"'"'" >¡>pre>prioto lor ¡,"COfl<n:l< opc:rotion:J" >ituo­
tion •hcn on onolyticol '"1""'""- op.pr<>priotc for a ·r~tmol 
np<roliMol"' oituolion. i> t•:o:ded. la th<: Jonio &nd M:tlln [117! 
ccrmi .... ol<'¡y •e <><l"!>l • ropin¡ potl<'m ba><d 011 unronnktc-d 
odbcr<nco or uno:<'<l!licted dun¡c wh<rr>O til'l.ula lo e•l""' for. 

A ..,n.., problem in prxti~ h 11>.:>1 wc "' .....S 10 Wf}' ,¡mplc 
bcuristic:o lh>l ""' •ppropriotc r ... -..,.,..,.. .. ope~riCtn.11" lilua·. 
1ions in a /omili;u .. orlcl and .,.e C<tatin,. 10""' ll~<:m in "formol 
operalionol" oituo\ion• in on un familiar •"Cfld ¡, whkh tho:y may 
be vcry inoppropriolc. A typieol hCIIristic i• incrcmontoli•m: hGo 
abcod and ~rn..d onc moro b<: .. c into 1M commons." Such 1 
b<uri>tic moy be! appropriole la \be f>milior oltu>lion <><Ir fw· 
bea.rs """""""n:.l in a n...- Ynupk>rrd coilú"""~ n~c che ~ooetal 
lrops" prMI>CI:"d ,. ouch jud¡~~~rnlOI hcuristicl ÍD a -· (rotlo-.lcd 
rn\iffillmo~• ""' b<: ino~mpriotc. ~""' numcrous <O<tlom­
porory i,,...,, co oupporl chi• .... rcioo. • 

S1yloo or mod01 of infonnocion pro<:e"i"" wllich indudc:o 
inlarm:nion ocquisl1ion :rnd \nfonaacion anol}'>io, are of mudt 
lmporl.lncc io thc" dc>i&n of inl,...,.lioa sy>-~<mJ fOJ inlcrpn:ta­
tion or 111< impoou of ¡>n>pO>Cd pt>liqo. lolotm:ui<>n aequi>itioQ 
rdon 10 che pen:-opttl.ll prooess by .. -hldt lhc mind Olpllius \be 
wrb.ol &lid viwal """ull tlt&l il mcowclm.. Ao indkatcd in 
$co1ion 11. McKrnncy ond Kecn [242! dt..."u IWO niod01 o! 
inlommion ocquioition, o pr«"<ptii<C modo and or=pci,-c modo. 
Wc cs>cnliolly uciliu: chosc modos for our mo<kl o/ inlormalioa 
ocquioicion o>nd ~)'Si!. 

o) In pm:q>tiw: aoqui>icion m<! ..wy.¡... inclividll:l!s brin¡ 
<>i>lin¡ upcrirnliol corw;;opts .,.,d ~\S 10 bcar 10 fill<'l" 
dota. Titcy foc:us on otl\10\wal n:!otiOfiO be1v.·ecn il<m> lUid 
!ook lor dcviacions lrom their e•pcc"citions.. Thcy then -­
Iom~,¡ pr=pts os cucs fO< .._.quic.itian, onoly•ls, lUid ~­
a!N •cructurin¡ of d~•o. 

b) In r=pli"" ocquilitiort..,d ~ll.l!ysis, indhidtl.lls focUs "" 
«>nto•ttl.ll dcc.u1 ~ther lh~t~~ pmumcd wuccunl rdoU,,.. 
>hips. Thcy inl..- >tn><t""' and impxts from dirm W 
dot.lilal <l>IIIÍIIOlk>n of inf<><m:ttion. ¡mcroll)· inclt>din& 
potcntiolly di...,.,mfirmir~& lnfom101ion, rathcr ·c~ua fro:a 
fitting il co thdr pr«."<PU. 

"Tho~ U nothin¡ inhen:ntly ¡ood or bad in ~ilhcr !11<'11c of 
infnrmotion o.cqui>.iúon. an.ol)"li>. IJid .......,;.,od ocructwi~~&- ll>o 
oamc in.Ji,id~Ul nssy ""' dif/e<rnt tDOCics ... 1 functioil 1>1 <Oflo 

lili&OIIC)' C>O\ >lruc<uro. M.,.t p«>ppo o.i!l ho>o prclcrcn<c> f...- o<>< 
nk>Jc os !he othet in o pot\Í<"UI•r >itll.:>tÍOII. olq><n~in¡ upon chdr 

, dio&""'<i> o! lho «>nlÍnr,<ncy \ook >11\10\lln" and P"l<"<i•N "'''do 
t<> oe.:nntpli>h <llc.:tivc inl<'flnatioa lnlerpretati<'n anJ O»>CÍot•-d 
dcci..;.,,malina.. h is our hypoth..;s chal eo&niti,·o bi..,..., nftrn 

. ori>C. <><oro inici11cd. by...., o! o oilt>.:>ti...,.ll)' inonrrC<I n>.>Jo ol. · 
inl<'lttD>IÍ<>Il >cqllÍ<ili.m. and """'turin¡. To IIOC pr.~q>li~; 
ocqui>ition w.bcn rttepli•"C O<:quic.ition iJ rno<e appmpn01c """kl 
oppear In in,ite,... or m.>rc ol ohe m.>.ll)' hia.-a ...,..,,_;,,,-.! "ilh 
>d«tivc pe«<pti"". To ""' rC<cptÍ\< ocqui>itio•n "hcn prc ... ·pti•·o 
ocqui>iti"n;, opprnpriotc woulJ •rP<~' to inu<>Juw '"""h ,¡...,. 
"'""'i>t<"l.l w•\h lite""" likdihno.>J of bcin¡ obl~ 10 «><>~•-. ~n··• 
i .. u.: in thc tinl< ••·oiloblc. . t 

IDI(I.flll.lllon t\OI"-'l"'n.:u></ inC<tJir<Ution r<f<"fl lO \hc ,_¡.,.;. 
.;.,., Nk: portÍ<HI of lht pr.>blcm oolution. W~ "''"'-'>l< • 1no.kl 
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b=d on oho: uso o! !loe l'i>&el thcory o! conc¡<l< ""d lcmn.U 
operotionalllúnkin& os 1 u><ful pr=pt lor irtlmmoúott ev.Jwo· 
tion and inoerpret>ti011. Thnc tbou¿lu pr-.o modc!.s ""'Y k 
•ummorittd .. fallows. ·· 

a) lo <oncr-<te opontionallloough~ indhiduo!.s oppr=h pro\>. 
leriu citho:r lhroll¡h intuitive off«:"t. onolog.i< re...,.,in&. or 
Lhrougb followin¡ a otondorcl oper•tin¡ policy o: or¡:llliLO­
tlcmlll proconu, or l<lln< rtl~tcd pi'OCOOL 

b) In formal opor;tlicmaltboul,ht, indi•>d11.1U approach prob­
krm llor<>UI)l llrucrurin¡ in torms o! imbcddin¡ re.>lities 
lnlo pcwibility octnorios. hypntho:ücO-Ikd~V< r .. sonin¡. 
ond intcrprot>lion in 1<1?'1 o! op<ration• on op<rotions. 

Fi¡.? pr«cnl• our cnncopluoliuoion o! inlormotion .,'lui>ition, 
onalys;,, ood iooorp~•lion or ptobl<m >Oivin& IIJ'IOL TIWr !i¡llt<' 
doco not illulltll<, bowc-.'Ot, tbe !und•ment:llly dya;unie llltur< 
of this pr~~CnS model Fi&. ~tu. P"""'ltd oomc of tbo dyn.>mic 
lcamin¡ up<rienc_l;s w.bich link tbo concrete opentiDNI and 
formal oprntticmal lh<'lu&)tt p~ Apin ,... "'&"" thot no 
style io inhercntly oppropri•le or inoppropriot<. Appropriatenou 
of a p>nioubt >1yle,"' !tu beon Ol<ntion<J b<!ort, is Vtty much 
tuk, enviroomool, •nd exporlencc- dependen~ 'llut rnoot <1<'­
cisionrn.>len funcoion .. ronewe op<r>tionol thilll:en io doubt­
k:ssly Cllffttl. A priDCi~ 1osk ol ~ .... n.d~d Worrn:otioa 
sys...,. t. 10 ....U.1 ill.·idin¡ llte·d<risionm.U.er lo d<locl 1he 
apprnpriate >l)k for o ~vrn losk, en\ironmcor~ >r>d d«ioion­
malo.er txpcricn<e 1=' ,Anoth<r t .. k i> to oñh>r~ro lr:tn<l<r of 
formo! opcration:tl "'• lrioncc• lo <on<rcoe op<r>linnol ••pcri­
<JlCCJ. such "' thtoo&h ronceptun.ln:liiort and evolutiort of op­
propri•te hcuri>tics. wl>oiU.tic: thootln, •n.olo&ous ,......,in¡ 
tl>idn. 1t>ndord opcrotin¡ pr=durn, otha fonn:r oC olf«"IÍ,.. 
lhou¡,lu, and ¡><rlt>po ,......, P'""lJliti>< """"""'" Wc pooit lltat 
both l)'p<S of inlonnatiun ocqubJtiOfl and :trulyols rnoy Dr.'n!t 

'with oithot roncrtle ot lormollhou&hl olti>DliVr dll: oppmprlol< 
balance \)1 t<C<"pti~e aJid prm:ptivo ocquiollion :ond an:tl)'111 will 
vary ltom >ituotion lO siluotinn. 

Our di.......Wou ~. indi<·ot«< the mon& on•ir<>M~<nt.:tl de­
pend~ ni 1he l<><mublion. >tl.ll)'>;., ond interp:<t.tlioo stcps 
nttcu>.!)' lar problnn """'IUIÍO<L ~ stcpo >r< on.....:~ty ""ff> 
in thr f\.....,ution ol :00) ;,.,,. u>Ín& >}'"••mio n>e.n .. fC&Vdku of 
lh~ ~JI) lo" od<>ptrd for ¡>1<>1lkm 10lution. f.rwi"•nmenls, or¡oni­
>otiono, ond tox:hnnlo¡ic. ore oln<e Jomin>nl con<Wts ni sp11•nu 
~n¡ir>eorin¡ in g~n<r:tl aJid '"' Jtt d<>ir,n of ~~~'"""' for pl~nnin& 
and dcrioie>n ouppon in poni,-..b,, h ;, 1he int<~lin<l o/ ot.: 
cnvlrononml •ith >n O<I.Onintion :>nd 1 ~rthno>lo&Y llut r<>uho 

i_n a m>tu~m><nt t.-.:hno>l"'.'· S)'>tcm. "'""""""'''" ;, tbo l<rm 
"'" U>< lo &nno< lh< int<t•• oiun of hulflaJI ju,l¡mo:n\ ~·ilh mcth­
ndolotk:tl <r>ncorn• [JO~I-Il!~l. S~'"'"'''"""'&!'""'"' denote>. 
l~o:<lote, cnncrm< al lh< •·u~nitiv~ pt01'1'>11 l<1d that in1olvc ,¡.., 
contin¡o;:no.)·to>l >ltueturc and it> rol< i.o infi••:Í..:ia' llw: w-l«lion 
' . 

· .. 

o! ¡><rfoiTII~ objox:ti,... And docision rulu !01 nllluaoion o! 
options ~ttd willo u....,. r<:Odution. Then: ore mony U.. 
n,.,mn which 1o:1 orr r.hc CMtin¡cncy tosk Olructwe. F11- 2 
indico.tes, t'OnC'cptlllilly, boo.· 1bc contin&cncy t>Jk str\IC!Urt. MI<! 
the en..-ironment .,.hioh innwnoes it, OC<$ lO specily ond ditoc\ 
probkm 10l\ in& <!Iom throu¡.h S<kcnon o/ p~tformancc obj«· 
ti•cs ..,d ......,i;oed infoml:tÚOJr p..,..,..;"' and doci<ior> ruk 
parodi¡mo. 

11 ls our b<lid lloat lh< d1nomic ro&r>ill"f',llylc modds of Fi&J. 
6 and 7 con be =d os 1,111~<• to iDU>Ir.ll< both LhoS< rr><>Jo of 
inform:ttion·•<"qui>ition and infomu.tion .-.alu>lion that should 
be ""'d and thot .. ;n be us....S on a &i'"" issuo. Wc str<SS th.o.t tbo 
partkulor cn&nith'<' .oyk rnO<I opptopri>IC fot • ¡iven ~u~ will 
dcpcnd upon the dtci•ionm .• kc" fAn1iliority "·hh a ¡il'<'O ;,sue, 
the iS>ue itt.<lf, and th< cmirot~n><nl inoo •llich r.hc ÍSSU<' is 
imbeddtd. Th~t~ a """'PLÍW c.r p~tive inlormatio.> ~tiOII 
11)1< .... n be apptopri;lle in • fo>tm:tl opcntion:tl ..,,tíni il lho 
lssuc ., hand io "" unlomili>r and IUIIln>Ciuttd one. lbe ap­
propri&te bal~ bct,....n Pf<'<CJ>Ii,.. and t<'<Cpti•• inform:ttioa 
aoquisiticn "ill be dep<trdc-nt upon o:), l}'pC o! issue and. ohc 
<Xpcricne<: or f:uniliari¡y thc decj.;onmücr hu "ith possiblc 
inlonnotion """""'' •nd their ll41y rc:lio>bilily. lt •il!, o!..,.,.,..., 

• :tl;o be lnnucrir:cd by tbo Mpc....,...¡- 1\yk ol r.hc d<cisiot~m.Ucr 
ond r.hc oype. if any, ol inl<tOCL-_ willo r.hc syste1111 anai)"SI 11 
"'cll os upon olha dt.t.r:lcl<rilti<S o! the okcisioft lituaticn. Wc 
acrcpt dll: ,.¡...., th;¡ S)'llerns mcthodolo¡i<S. <S¡>«io!!y u impl .. 
mcnttd throug.h 111e of hurnon judynont lo !orm a ¡yst<mic 
P'""""'· are hig.hly "'""" d<p<nclcn~ Di!!crcnt systems methodol• 
<>&its :tllow onc to deli,. '""'"in dincrtlll "''JI"'d are <np<>ft­
oi•·• in dilfcrin& 4mcunu10 •:11~>< ~ lllCh 11 equity. Snn>e 
rnclhorlclor.in apücitly cncouta¡c f<>< nampk, dCt<C1ion o[ thc 
""' ol &:r..:ient hcuristio> and ""''t>Ur.l&• ronection. ~ ~,.,.... 
pof<'ncy" and eommuni<>bitily e>l • J<cioion pn><:ess, !or U>"" 
pie, i1 I'Cty mucho funcoioa o/ thc mcthodol<>si<> u<ed in ptocell 
siding !or tho formulotion ol ''""""- thc ll1alyolo 11! ~h•rn•Li•·os, 
and associ~ttd inl<t¡>r<totion ofi<><U. Thi> v:tlur depcnd.,.., ol 
'}"''""" melll«lolcgi01 U. thc<l~ • .., imponont O>p«t ol infot· 
rn:otion •r>t<m dtsi¡n o.nd ;, f<'l>l<d 10 petform.ono.-c. cbjectl,... 1« 
thc [;\>\ .. h.uod. 

Thore hO>-c b<-<n ~ numbcr ol Jtudi .. wlt!oh ¡...,.. upon \he 
~ritkal importon~ of 1»1 dc><riptioo :tnd tl>e dcci>lonm3ht's _ 
int<r><linn "ith the 1»1 llornugh tho: cn•irnnmenl D""ts (10~·. 
1711 >lr<:»n the critic.:J inloroetion ""''"1 lh< mind ;>ttd thc t.»k. 
ond int<:¡,tol<'<l mOOcls ni oh< mínd ~nd thc U>k rcquítemeau. ll~ 
Ji><"~~>><> 1)>0 k~..., numhetAI·•--.r ••porin><nt d""'ribcd cor!ior 
in !hio >«ti<>n os d<><> And<r.on [7~ Andon.<ln índi~~••• ohot 1hc 
/oilute, ond Q mojority o! n!U\'01\-d :tdulll do f:>.il, lO Cott,..:!ly 
r<>Ol\'C thi~ l»k io duo !o Jifr.,·uiiÍ<> in opplyin¡ lh< "u~¡.._, loA/o" 
<onccpl of ~nn.lilion:tl d<ducli•'<' rc:w10in&. • con.-.:pt "hich 
h.'quitc> ohin1in& ohout o.b•t ¡, no\ the ~...,. And<t>On :tl><> 



... 
disames • olil)lt 'Qri~eion <>! ehis wk, "'hklt 1t smaaJiy lhe 
oarn<. ~nd in ,.·hich almoot oll oobjoc:u pcrlormtd corrtt~y. The 
La> k i<>Wllv~d lookin& ol l<l\lt pkturOJ ol ordinaf)' le~ LO< en\'Ciop<l 
"''ilh <he P""ibilioy ola olomp on lbem and pickin¡ lho leucn 
.,..¡,Ido >tU>uld be turmd ovtr LO 1n1 lbe b),..,.hco.is: ¡¡ 1 kllcr lo 
ICaltd. il hao 1 lA~ >!Omp Cft ÍL. i1lo rr\¡j<:l] dil/cr<:- \>cliO'..,¡. 
lhc '"" 1>-'b is thc lacl thOI n1<»! pcoplc hnc c•pcrienea oimi!a:' 
lO Lhc ""'""lta.lt.. 11 il rclati•"<l)' fomili..,. tom¡>.lrcd Lo Lho r.n1 
tcl, COr><<lnin& "'hich P<•'!'l< d<l na! hno ,.¡~foc:lfll ••pcrimcc:. 

V.'e .b<'Uld be n1hcr c~uti""' f>mo.TV<r in Lh< "J'P:IlCillly r<:a· 
><IR>bk inlncn<e th11 "" k•rÍI '"'m:ll_o· fr~m o.pcricDO<:. A 
nun•ber o/ impon•nl oiUdi<> by nrchmcr (~bj, j47j havo ,¡,.,..., 
oha< b) no n><an> do P.."'rk al"•Y• impr""' thcir Jll<l¡rnont :>nd 
dod>ionm.llin¡ abihl)' on lho bu.io oC Ír><tcuod <"-pcri<n<c. Di· 
utl, ouch "' Lhc tcnJcncy Lo uJ< <»nfirmina '"'id<= Lo LILe 
ncgl<e:L of di...,onlirmina <>i<lrn•·o, ~ 11>< ley <"lllpriu. Brchmer 
[47) indi.:>lco heno.- ~~ bio>n = be ur><l<"rJioaoJ in 1erms of 
••·ailohk in!NnU.lion. lfo <~nd ....... !luol <nuh ;, r>O! rm.nifn~ h 
n"'d• lo be: inlcrrcd in 01d<r "'"''"" from ">"'ricncO informo· 
Uon componen" lhal \\i\1 lru)y I<OI<l lo bcll<r judg.mrnu and 
docU.icru. Tl>t rtcen! dol•ni<i•·• di-..·w.ion o! jud¡m<"nl .uw;l <hcioc 
pr<>CC»<s by Einhcm afl<l 1/oprlh j98J cmph.uizcs 11>< imp.x· 
1anoc ond lhe inlotdt¡><'ll<kocc ol >ll<nlion, merncJ)', <O&.IIilive 

· rq>,..,n~>tion>,lo:<rnin¡, '"nnin onJ fcO<lb>d. h providco m<>Oh 
nl~:ilik P<'"pc<li•O ~nc.:rnin& <h< imporlo,noc oC lhesc topÍC$ 
for ¡!ld¡mcnl :tnd dcciilonn>:akin¡. . 
. Carrolll.~l i> m~h conccm<:d abo.,-¡¡¡, llndcrslal>dinl deci· 

11011 beha>1or. npectally through 11-M: pr"':rn lJocin¡ IO<Ohniquoo 
lhalll.o.lc bC'<n ~mph .. i=! by Po)·nc [2i2J-1275~ Corroll pro!'<" 
~ tlt:lt_lhc decisionnW.cr ,,>i&hl ben..- b< potlf>)-.:d u~· 
on¡ • nch >l<>K of Lnc,.kd&e orpnil<d afOWid • •uicty of 
<vol.«! schrmu, lhoo. l'On•pl<• uniiS o/ 01pniud knowledgc 
whkh ¡uido 1he ocqui•i1icn and ""' of <>>< inl<><rn>licn, rath<r 
lh:tn <•<lu>i«ly ton>idcrin¡ thc doci>ion.mUcr u nh>usli>dy 
lollo .. in¡ lhc prncripliDno o! ""'"""" modds. M""y of !he 
ehopt«J in lhc n:.:<"nlly edil«! "orlo o! f>l<"l 1!00), HonUIIon 
1 1 J7), H""·c11(161], Ho"dl an<l llci,hm>n jiMI. S<hwcdcr !Jl21, 
l.nd WoJincn [3!161 discu>-1 i»u~, rob!cd 10 oo¡nili>< !ocien in 

_ juda,nu:n~ pro.:csses, in<ludin~- loo!. d<scriplións fot ><:ripu, thcse 
Ol«COI)l"<:tl ....:¡u<n<es el ~<!Ion,. ond .-.·ont ach<mas whi<h oflrn 
are ni much u<c in <>plcinin¡:,ju.l&m<nL 

Su,.lia of inlormolion ouppo'l far U.S. Alr Fcra <emm=d 
aad rommunioalioo l)'l~ms,occonrplllhed by Klcillj2021 [203) 
~p~ .. ~ numb<:r of _co~rru ttr•rdin& arlifici>l intdli¡cr.a: =<1 
tnlomt3IIOO procc>Sin& opproa.-hco fcr dcd.;~n aidill¡. Thosc 
<<Kf\OII<>n.> ron . .-orn potcntio.l in•biliti<S o/ hum.,. lo dWur.,. 
l"tc illuouon• 1ntn <empon.:nb ;ncJ lo orulyu ~ dis<rc~ 
rompon<"nts. llo indicolcs '""' tbe prot .. -;01n petf<>mW~C< ot 
u~s moy "•11 be boscd more on rc:uonin¡ by"""""!.)' lh>n by 
"'P''"<nlali_o?• in 10rms o/ l!op by ol<p do..,•riptiOn> capoblc ol 
(duct<l<l d'"'"-' compul<t piD<"<»In¡. Furlhor, cxpcn ptolício:nt 
pcrlt>f'lllcr> may not follow cxplicil <'<HlScious rules. Rcqulrin¡ 
lhnn todo 10 m.1y r<ducc pctf~tnnncc quolity, ..,d they .,;11 b< 
unobl< 1<> 'aC'CUfOldy dcoctibc 1hc tul.:> lh>l lhcy do lotlow. Klcin 
•ic-o.·o .•~pcniK "'· >'!-'in¡ lrcm p<n.cptu>l obilitio incl<tdi"l., 
<«..,&"'.""""' npaaly on 1<~ nf ""....,",.. siiU1lions. 10n.l1irity 
~ ~"""'""'"'>1 <Ofii<Xl '" ohc ..,...., of opprl'ciOiion of lhe 
Sl¡n<lí<>ne<: _ol _subtle voriotion•. ond_ .. n>ili•ity lo inlCnlinrtol 
«•n•e•tl>y '''""'"' 11>< ~'-''""'" .•nd tmpor•= of l»k roml'<" 
t><Ol>"' 0 "b.,l(c by O<>II<>J>OIIn¡ <oh:.i b;, (O""""" lO Od>ic ..... O 
,oo~ rolh<r <h"" ju.>< ,. b01 ,.-¡u <"<nu at lh< .,.., lime ;,,.1001 ,.. 
>lq>. lle pre><nll o <omr~ri,.,n·¡uidod m"'tel ni proficicnl de· 
cioinrtmalin¡. In <hi> m<><ld [lOlJ 

~) thb &pp1i<:t~ca IUU<l'U optillll., indudin¡ cva1ll-ltillll ol 
oplillfll and .. ÍC'<'II<>n of • prclcn<d op1""' booed nn wh:.¡ 
\\M«< in tho """~" optica: ;nc1 , 

5) lhe a·oy 1ho objcc1ive• aad lbc dcdl.iool arr: pt~<é•cd. 
pouiblt lurlhor -.lju>lm<n!S ol op6""" I"IIC1IIioa ol,... 
cpliono. ~d <Ofl\binariM of OpliOJU, !cU""' ftornlhis. 

KlciD ortonr,ly OfiC<IIIf>ICS deve1op.,..nl of tkcbion >ido lo 
iliJ'POfllbo <<C<IpÍIÍ(>tUI "'J>XÍ'Y of lbc «p<n; &id• tlw wi11 
... u, lhe •~pon iD rcwvúrin¡,... oiluali<tno in 1crms of ,,,¡.,. 
¡n11.1 ro_mp'!rison <~ ond in ur.in& these In define ~ptions O, 
ah<<O:I.U'"· Thc •dJUI'>.nt "'<>uld olso k<q> rudt of opticns. ...Ut" • 
in &<~~<<oliool of""" ,...., and pcrfomo a•npu<otions lO USCOI 

1 

tbc impxts nf Yoriow opllons. h <'<rloinly •PP<"" lhll lhil b a 
needal ond """""W)' role for informOiion l)'>lcnu odjuvanll for 
pl:uuún¡ .tnd dcci>ion IU¡>p<lrL Dul it f11W1t be n:tnembettd llu.l 
11<>1 111 ....,.. ol such • l)'ltcm wiU b< profoci<nl ;ncJ np<n ;, al! 
of lhe wl.o lhcy ~ lO p<rf<>m~. We su¡¡t:~r lhe nc<:d oJso f« 
prc1isi""' lor formoJ op<<Oiillll:tl lhou¡)u 1ypc proc:c:socs fcr 
''""" contin¡cncy l»k >11u01iono 1ba1 hove nol bC'Cn sufr.cieatly 
cot-nizal such lhol appmptiole ""' of concrcl< operalion.U 
<bou&br <lt«U.Vily kads 10 crrJcicm &nd dloctive pcrlO<lllaDcC. : 

Dreyl"' ond Dtcyfus [!2J &1111 "'l"" lh.ol r;xpcrknc«< and 
exporl humon dc.ioicnm:okcrs 50IY< n<:w p<oblotm primarily by 
~<Cin¡ •imilorili .. 10 prcviously npe:rknc<:d lltu:tticas lo mcm. 
They """' ••'""&&r tlt:lr ,;..,. llmibriry lw<d ptO<tUn acou.Uy. 
ltiCd by r;xporimo<d and ap<n · hllllllnl lcad 10 bell<r porfor • 
manee lhM lcrm>l opproochc$ p10c~ocd by b<gin....._ de· 
cWcnm:tkin¡ bucd on """'"" cxponisc lbculd 1101 b< replacal 
by lonn:tiii1Cidels. 1bcy pese 1 rnodd which conl.oins r,,. d=l-­
op_mont>l m&es lbtnu¡h .,hi<h • pcrsca p»--Q Ut acquirin¡ a 
okill .,eh u 10 beccme 1 proficicnl <Xp<11. Thcir bask lene! is 
lhal pcoplc ~<mand k" >nd r ... on obstracl principies and mo~ 
I.Dd more en <encrelc ••potiencc 101hcy b«cmc pro[táenL Tbcir 
r.w •ta&co ~nd "'UCO"d instfUCtinn al ado """' ..-. u lollowJ. 

1) NOI>Ir~-Docompose 1hc loslr. cnlfironment inlO oonlul·f""' 
non>ltuotionol/coturco ,.-hich 1hc be&)~~n<r can r...-o¡niu .,;,¡,¡ 
experi~ Give th< be&)nnct nJa for dcterminill& 101ioa ond 
proridc monilotin¡ ancl loedbod 10 i"'l'f''VC rule follao.io¡. · 

2) c.....,.,.-~Encouto¡c upccl rcco&nldon liCl by nllin¡ 
oucnlion rn rccurn:nl seu or fc01ura, bul r>tl1<r by sin¡Jin¡ out 
pmpiCUOUI «lmplos. ~ rcwvútica of d""¡<:ri>UI 
UpOCIS ond howlal&< ol ~ ta c:omc~ ohesc c:oond.illons. 
Equol Í"'f""'""C< a-cipq ..-e t)'piW!y uso:illed wilh "'p«<$ al 
thi• llog<. ' 

l) rrof..-i•"'Y- Thll comc:s ..;m ¡...,.._.¡ p~ Iba! ._.. 
pose• one 10 1 Yoriely ol whole lltllltiools. Aopccu llpi>QI' mon: 
ot lcu impon""' d"J>C>>din¡ upnn ~1..-aDOc ta iooJ Kbiewme-n~ 
Con1cx1u>l idcnlif~<:allon iJ nliW pnuible oad IIIOfi>Oriz<d pr!nci• ! 
pies. .-oll<d "'""""· ~ uscd !o dolcrmine oellllll. - j 

~l L<,.../Ut-The repenoi~ ol u~ ,;luallnno iJ- :, 
YPL JUdl mar lbe oa;\lrTrJ)CC of a JpCCifiC ll<uolioa rri¡¡cnt oa 
1~1<11/h"CCj oppropriate IICiinm. 

5\ Mam')'- Tite ••pcrl is /ÚIIDI'/>IItJ anc1 no lon&<r Jl«'do to 
dcmle """'"'"' ouontica In pcrf~ Thcit: ;, no nm:1 fot 
><11 rnonirorin& ol perf""""""'l aad .....-¡) b obol<d only 10 
idontifyin¡ lhe opproptúle pm.pccllYCS aad •npropriltlc lit=· 
~"' ooliOIIJ. ' · · 

Drcyfuo •nd Drcyfuo o.soclaie tbe dn-dopmcn¡ ot ~hose r.ve 1 
t\ill coiO&<>fics .. ;m-..;., ,....,ror,..tion ol four mentol-•' 
tune1ions. 1'1¡. 1 j!I¡ iOOlcoiQ bow 1hcse ltaRifCl<ltolioru OC'Cllt:' 
"'ilh inore.l><d "'•&es ni prolícicll<')l. Whllc d<><loped pri=rily, 
lcr lt:únin¡ thil .~<1 -''<lnt:úns rnu.:b ot imponancc ,.;¡~ ~P"''' 

ll ~. cu=nl d«ilion situ>tiorl b pctcci>al ID l<mu of objc:c. 
'"es; 

2) rho J«:i•lonrn,~ ... •· ••pcticncc ollow• rccOtnition of o 
C<•mp;>fiwn oiluolion: 

l) >inoil~ritiOJ onJ <lil/cn:ncn ""''"""" lhe """p>ri>on siiU>· 
tion ~ rl>e cuurnl situot:.-.n ~ !>Ol<d· • • • 

1<> ln(omu.IÍOD 'JJ'""' desip 10 '¡uppon pl:onnin& and d<ei>i<>n· 
_ 111.1~in¡ u <o<IL A kcy Íllll< ... litio l>~lt "'l>Uld oppc>r 10 be lltc­

dovclopmetll bl """'"" •i1ua1icnol ••>"'ri<""" ~ hich firsl """"., 
~·hon o P"""" io oblo !o J«<&nl<:< o•pc..1s. Thcrc >CCmJ tc uisl 
OORIC ro~1imcntarily b<.-..-ern 0111 onodcl o! th< e<'V'ili•-. juol¡· 
mcnl .1n<l da:!~ pr-.s onJ lltot of D~·ruoond Dr.')·fuo. Th< 
COJICJ<~ c•per>loonol •boul'!l ol expori<ll\'«< d<cisinnm:tl.<n 

; • ., 
• 
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. . . .. Foa. 1. Dt<¡-luo JUd¡mrnl ond <hi'""' P"""" nood<i. 

,...,uld oppur to t,., mudo tbe .....,. u th< thou¡.ln of thc c•p<n 
.111d th< m:u~r: Of roursc in .JI or th<>< m<>d<b, "c~pcn~ il a 
,..¡,,;ve tetm, wi<h th< cnvit<>OI>'II.'l'tl •n~ lh< tontin¡ctll:)' I.UII 
11ruct""' o! o <p<cific 1itualiol'l n<N«< 10 dt1mn.inc .. ·b<lher 1 
d<cisionm&Ur ;. la:nihr ;>nd np<nrnad ,.;tb iL Son>!: di/· 
ferCSICI:I ia ¡he modds lit" doubll<»ly prncnt .._, "~11. Sorne o/ 
~••se dcpcnd upon pr«Í><ly ;..~, is mc"'ll by ''rroccM.ip! inlor·. 
..,,Uoa.." 011t dofinilioa is ralhcr l>roood ud <tr!>.inly not ..,_ 
olricwl lo quontitati"" pro.:nsi"&- Gcocrally inlónnotion 
p....,....ios. inllW" view, includcl U>< formul•tion or a~ui<ition. 
lnalysil. llnd intcrprrt•lion ot <!ola of nlue for duioionmokin;.. 
This ea., b< .. <o<npli,bcd llolisli<.o!ly, l><uristi<;>lly, or ••bolisli-

""'· Very impon:lllt "''"''"" rxiol, in our >i<w, ,..;¡h ,.,pcct 10 
pcsd>lo cognili"" Lias and voluc inoohorcnclcs in thc concrcl< 
openoticnal d<'<Uionolñin¡ ol c•pcru or ,. .. len. Que•lions "" 
'alcd lo tb< cff~u ot ch.ul&in& cn,ironmcnu upon tho j!ldg,mmt 
md decisi<>J> qU.>!ity ol m.utc" ...,; novkn olike arc ""I'Y im· 
porutttl in 1ll of lhc .. modd>. Por intuili>< OlP"ri<nCC may no\ 

, b< 1 good ¡ulde for jud...,.,¡, :ll'od d<cilioeJ in unccn>in. ""' 
familiar, and/or rapi<!ly dun¡in¡ <~>vinmmrnu. Dut qu:ttnit:tú"" 
ot qu;r.ljtati"" on3ly>io-b.ued r{/ons may wrn not 1>< ""!)' good 
<ilha duc to chonr,rd dcci¡jOJI situati"" olld contin&<"<Y to¡k 
otf\IC'\Ur.tl mod<l>. In our \Oicw it b poujb!c: te b<comc , *m:>slcr;" 
but un/cnur>&t<ly ¡>OSslblc 10 btmme 1 momr el ¡be on of 
>dl-d<aption :u ""11 11 of o spccifi< wk. Thc "l<rn>l b<ha\'ior 
el tb<lwo "mollea" may wciJ be thc """"; ¡j¡uolionol, "'bolblic, 
intllili.,, 1r>d ab><><b<d. Whot wol .., .tpp<epri>te otylc tor <1M 
"muttr" may wdl be h~>pp<epriatc for oncth<f. • -

&ha""' in /omi~;,r but u!IC<fl.>in envifOflmeoito iJ el mucb 
in1crest. Studi« o/ ¡.;rurc, <ituotiOIU in whkh "P<rll ond ma.s­
lcn {ail o.r miJd»r.nosc 1hcir d<&rec of "p<nisc or m .. l<fy, oould 
yicld =Piicnalty ....,rw , .. wa ...:r ...,.,Id obo ~te inc<>rpo­
rate &n.d inl'l.fi\C miKh el lb.e cxpcrimcntol "'Ofk in•PI•in¡ 
bia.e•, poor bruri<li<>, arid '"luc cohcrcnccs into o "'""' k.r 

'd<rioion situ.otion. Wc hypoth<>lu th•tlb.e dyn>rnic n>Od<b el 
<k-c'Wo.:!. otyln pt""<al<d in llW <e<<iorl .. ill be .... rur r<bidn to 

"""""" Jud¡mcn(ond dcc:isionmoking d/om are oftcn rhor>CI<riu<! 
by in!<ns< cmoticn, olrns. anJ cunflic¡; npccWiy ,.-loen thorc oro 
oi¡nif"""'! t"Oit>Cqucacn li\cly te /ollow ¡,.,.. ~As tbe 
dcc:i>ioo...ar.or bccomeo ,.,..,.. ol •·.uio"' ri..b ond ~tltn1ointic• 
lh>l may be O>>OCiat<d ,.;,h 1 rounc el oction', thio mus 
b<mroes all 1h< moro ootne. lanis olld Monn [176~ [177[ h»~ 
dnclopcd • conlli<l modc! ol da.i.ronm;>kin¡. C011flic1 hcn: 
«fers 10 "limuha""""" and op¡>O>in¡ l<ndmcics \IÍlhin tbe indi­
'du>lto acrcpl ond rcjn::t • "'""COl!"< <>1 action." Syonptoms 
; C'Onfficto nuy be hc>i toli<><t. /,..,]in" ol urn:crt>inty, ,-,.,ill.;llion, 

and act.~l< cmoti<>n.r mn. .. ;lb an unrk>=t fcdin¡ o1 di>1n:u 
bcin¡. typin!ly, tltc """1 l'""'•knl of oll duroct.:ri>tin ....,.,¡. 
ll<d .;.;,¡, d\'chionm•~in¡ [49~ Thc mojo( olcm.·nto "'"""••<d 
,..¡,h !he "'nnicl moJo! are ¡he C'On<epl el ril'1:tn1 lnlomution 

' 

prouuin¡. \be diSiinction b<1"""" ho1 .u><l cold cognitio111, and ..,...,¡ «wpi<l& pon~,.. IW<l<"ial<d "Íih jud¡n>e11U. 
Cold t'Oj,nitions are 1hooc m..>do In 1 oolnl det:to.-bed ..,,-;,.,._ 

mental s\.at<t, Thc chan"" in uu1ity pos>~blc duc 10 diffcrrnl 
dcci>iOill ue omoll And <""Y lo dctorntino. Hut co&nilioru are 
lh(»< nuoci:lt<d .,.¡,¡, 1itol ;.,u<> ~nd "'"""ms. ond are ::woo.i­
ol<d ..;lb • hi,&.h lrvd o{ llf<l,l. Whetl>cr 1 ""&nitio" ¡._ or should 
b<, 1lot <>< <dd il dependen! Up>n tltc t .. k 11 hond and 1hc 

_ c>pcriontill tomiH;¡fi¡y and c>¡><nn ... o{ thc dcc:ioionm:olcor ,.-,th 
"'<pc<l to lb< t.uk. Tho oymptonu of sln:u if>Ciudc f<...,Unp o{ 
appr<bonsi"<Dt:l&, • dair< 10 <>cape frmn tltc diltrccin¡; choice 
dil<mrru.. ODd ool{-bbmo /or ha vi"' allmi'Cd 0Dt:1CIIoo ¡.-. in10 • 
p<<dicarnonl ,.n • .., ot>O iJ l&<rd oo ohoooe bct~>~co un,.,ti>l>e­
IOI)' ol\cmo¡jva., Jani• :utd Mann Jl77[ >1>1< th., ~po.y<hnl<'¡i<.:¡.] 
>Ira>" i• w.cd u • &<,..tic 1e1m to d<>i&nat• unplc:wnt cm<>­
tional tUtes ""'kcd by lhl<>~cnin¡ cmironmcnt.:tl C\ICRU or 
otimu~. Thcy <kflne 1 "•trn•ful" C\Tftl :u ~..,y <han&< in ¡he 
<n>Í<<mn>rnl thal lypkolly indU<..,. o hi¡b do&"~ el unpl<"'-"ant_ 
emP<ion, ouclt u ~nxic1y, &uil~ or oho:nc. 1nd "hi<h orf«"t-t 
R<llmll po.ttcnu of infornmiOD l'f""">Sin&. R Janis ond Mantt 
dC>Cfibc fi"< /unt1ionol rclotior»hlpo bctwecn ¡nyel>ologiW 11ft' .. 
and dcci>ion t"Onnict 

1) 'The de&= ol 11"'" &•=•led by <kd•ion ccnllicl U. • 
fuocúc:n ellhos.t objcc-tivn whidt lb.. <kdoiorunol<n a­
J><C" te mn.oin un,.tiofi<d alt<r impl<menlin¡ o d.,.,jolnn.. 

2) Oft<n o pcr><~n rncountofl ncw thtcots or opponuniúcs tb•t 
moti .. tc considttotion o1 a ....,. C"OWK el ..,.,iort, Tho 
~ of dod>IOD •uno is a lu11<1;, ol the dq.rec- of 
t"Ommilmrnl lo adhe"' te !he ¡m...,t counc el ac<ion. 

3) Wh<n dcci•ion conn>c1 io SCV<n: bc-c:ousc :111 idcntifoed olt<,. 
noth-a posc oori0111 ri.ü.>. failun: Jo id<ntify 1 bcuor dcci-_ 
~ than tltc 1<ut objcction.>blc.,... ,.;u 1<2<1 10 <kfcn>i"" 
••t>idance. . 

4) In "'""'" dochJon .:onnict wh<" the d<tioionmolter antk-. 
ipatc• havin& insulf>Cio"t ti roo 10 i&:ntily a.o adcqwl< :lit«• 
noti"" lhat -.riD avoid ><rious lo.><:&, lb.. ¡.,..,¡ el sUV>~ 
1...Wn> utn:mcly hi&b. Thc liltclihood lhol lho dominan! 
pa!lcm o/ ._.,pon .. ,..j[] be hy~IVi&<1""' o, or p.:utic, io­

<•= 
5) A mcdcD<< d~ of .,....., .. mdt rnults' ... -hcn thore 4 

oufftcirnt tin>t tn i<kn!ily ""'"'P'"blc ;dtom~•i•-... la «­
oponsciP o cholkn~n& ,ituotion, ind"'-"' a ri¡ilan! c/1<><!10 
corcfully ><ruliniu oll klontir.t"<l ;dto.-m.:~tivc ~no of oc­
tioto 1nd 10 scl«l a ¡ood dn-isiOD. 

Uo..-.1 upon thnc r,,, fu~<lion;d rrl:llion pmp<»itlcm., Jani• 
and Mann pr<><nt ¡¡,.., copin& p•u=• "hkh a d,-ci.úonmok<r 
"'""Id """ "" o lunctiOD el tltc Je.d ol wns: unconfiiclrd 
odhc«ncc " incftia. """""nictrd <han&• 10 a ,... cou""' el 
actiOJI, dcfeit>i'-.'"'-oid:uict, b)'p<ni&<1anoc or ponic. ond ,¡¡;. 
lonco. Thosc r,,. •~·pina paU<ml, In conj~n<lion with the r.•-. 
f~ncliO.::.I ,.L:otion propo.itio.ru of ps)-c.-boJocjco.l >I..U, ,.-.,.e .....S 

·--· 
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.... ., ....... "' ............... "'''"'-- .......... 
m.>OOn •«1~;.-,¡>on. All <>f Lhr"' !orLo"'" l)'l'k•IIY t<IO!cd ond 
aJI &tt p.., ol Lht <"OnÚII¡< ... y L .. k >ILU<IUI<. 

(1r~.uiom <1 &<-"<r 

DiainJ; PT[ is "'~><'~"! on~rol • rirm <U<'h a> Strinbrur><1' [H9). 
"'"" ho>-.: dolin<'\1 ><'~'<rol'"'"" or L)J"'> o/ rOLion•lity, Diolin¡. 
d<fill<'i r,, .• lormo ol <alionohlv. 

l) Trri><L<rol R4<ioaoal"'-Ti.;, t<<uiiS lmrn rrr.cicnl orhi~ 
""""' <>1 a >Ín&l< ¡<>.11. A ,.,-h.Uooll• winn.al "'!"";,,.;.,;, onr In 
•hich ,11 o/ tbr ..,,;..;,,... of <hr "'t'n""'""' '" dr.cimtly 
<>t~>,.¡,cd Lo ,.l,i.cv<" tht ¡nol<>f oh<"''"'"',.,""' T<>·h"'~<>&iral 
r•"t<<" ,-~u;,., >n ,,.,,.,.,. \ri ti" <1/Ki<n•-:o- .~ <he pr<>ductil'< 
r«~'O» ond th< C<l'l<n<'< <>1 >o<iol ,-nu~ui"m <h•t m:>lo tl1i• 
i•><·r<o...cd crr;,."."'l r•'"'blc. n;,-.,,.¡ nnt.-o <h>L > L<<hnoln&i•·•l 
Ír>nOI'>Lin<L lh>L de•!> nnlv ~i1h n~"' dr.ci<r>l noo>n. Lo a >i"&lr 
tnd .,;u o/ ton h»" wh.; lirni«-.1 tnn"'~~«' if t!o< \mpxu o( Lhr 
L«h,.l"l)" on.l ,...,hin& aunbuLn ""' 11101>lly anJ Plycholo¡i­
<>11¡· i,.-.IJLrd lr<•m ""' """''""'· 

1) e"""''"'' R•"""''"'l'- Thi> rc>ulti f<o<n m.c<imum ><hi<W· 
mcnt oJ o plu< oiHy ni ~"''' Th<r<" "'" lnur ,¡, oronrr\.11\u n«lkd 
/or <>Í•l<""' "Ion l"f."O""<"Y· T~<> o/ lh<!.C «lote lo olloc><ioo: 
plunloL} o/ >ILcrnti<< rnJo. com,.,oo """= 10 <be <n<ll.. !.C>r<ity 
al ~"n; atld "•••l:lbili<• o(; <aiiOO >)>l<m aL>d »50<-i&Lcd 
m<ól>llo.,n<nl> T•·o d,.r><l<ri>LÍ<> !<"lo" lo <'-'h>n;o: plur;¡jo¡y 
ni nxmomi< ""'"· >nd • J,rr,.,""' r<iori<iz.:oli"n ~/ •-olur. omM¡ 
Lhc>< u,.;ll, 0\,•;int doim> Lh>l ""'"mom &<>•1 ><hiovcm,•nl"' 
c.onomi< l>LionaiJI) is p=1bl< o/ 

o) Lh< ~nds (¡<»1>) oJ <he m>n<>rnic uniL> oro c"'nparobl< aL>d 
...,.uur.hlo"" o '"•&k ;nk; 

b) <he« OS< n<> hmit> on Lh< o••i&n>bo!JL~ and "" nJ lhc 

<) "'""""';,. unÍI> ~"" inLc~r>lr.J <nou¡.lo Lo <nt<•&< m ratinnal 
all•><-•l•"n .ond '•d,.ng<; ond 

~) inJ<><mo~L>nn oh<l<11 11« ,upply-d<nund !<i.;Lion>loipo lor lhr 

v>riouo ""'" i> ''"!•bit and ~-m LO all. 

CM«qll<m<l¡ «<>nomitin¡ i<~eludoo boLh <Va!uolinn oL>d ><IO(LÍon 
ni <",lnC<J> cnd> ond ""'"'- Clc .. rl¡ ot i> d<>Ír Jblc 1h01 ronJioion> 
o)-d) hold but LIL<rc <U>L mony appw>dJ<> lu "'""">Íz•hon 
onJcr <<>R>Uolinl> Lhot nuy l>< u><d 10 )'LCid <>poinoun< """'""" 
allo.:>Lio<l Ur'Hkr e<lfl>l<>inl>. r:n><><><lll< pro¡f\">1 Í> <qlli•aknL 10 
an i....-t<a.. in p«-.d""Li>ioy p.~ l•bor hour onJ. '"">«~"""'11. 
in« <»cd P""'""'i' Hy <an onlr <•·•~11 /ronr «OJI<»<IÍ< ,,._¡ L«·hni· 
r:o.l ;honr.<- E.c~l\<>m'~e 1'"''"" <~ill 1;-pically 'l'""'d rapodl~ 
lhhlll¡_hOUI a 011hUr< bc<Ju"' Íl Oli<'•> m<lf( ond !llNC <'nd!o La 
be<<~m< booh ollorn>h>cs lo '"h o<h<'f and rncon> ''' oth<r <r><l> 
&> ><di G,·n<r.ll\ <h< """"'¡ ,,.,., n>n<Jd •. , h.. .. di><.-.w.cd 
be! ...... <quilal,n! 1<> o-...;nJ. m.<>dd o! =-ni<- f>hon.:rJJL¡:. 

)) S<O.ou/ R.,¡,,.,,¡,,._.., ""-ÜI •~><<m io :on m¡;.miwion ol 
culturol !Ok> >u<h "' "I'«'"Lion•. o•hli¡>lion>. and idcol~ A 
"'"'\al 'l "'''" 1> uid In l>< into·~rou·d ~·lu•n th< 10rinu> ._,.,.,.-,.~~cd 
OcU>iho> In ~dL "'P¡>OIL, rnn(oun, cnrich. ~d JCin(o"c nnc 
oooth>r. So.-i~l inh'l•••iun ;, nk~< 1h~n n..-.:h~ni,·JI dr.Qrlll:)' 
ond ~>l<nC¡· d"" 10 Lbc m~L~;d wppnn, tnrichoncn~ am­
fnmatóon. ar><l rconl<>t<'<<n<nt J<quircrncnl Thio inLqr>Lioto maltcs 
><!ion l"''"bl< by 

o) ch>nndn>& '"''"ion.ll '"'''&~ anJ p<e"nlin¡ il lrom h<iit,. 
dollu><J and 1<>>1: 

b) ohminooinl "'"n"' ~bid> woiJ block ><ti<otr. 
,¡ r•o-<-idi"& llk">< '"Pf'<'<'i"t ¡,,,,,, ~hid• ,,.,.,.,,b,-n ,..,;,. 

anJ "hido ~lkw. """"' tu bo: 'Ouicd throu~ w nm<pl.:<ion; ... 
rl) rh>kin¡ ><~'"'"' more mc.nintl"l by ol1o~i"& lh<m 10 be 

r<l>«d Lo P~" :o.nd luLU"' ouioou. 

"" inh·t••«d ,.-.-;.,! """" ;, • woon.:r.l "'<ial "~'""' 1h>1 
tnh>....,. oh< Hk"o~nin,r,;¡ ><>d '""'"''i~l ¡ompl.·Lio>n -.,. ocl>n<LI. 
So.,·o,.!ull¡ «•<upk·Lc~ ><<iono >« 11<>} _n<""'-'nl)' coth<'< dr,,-icnl 

., 
"' di<"Ciil'< 1> in<oyoti<m rr<>mol<• '""; .. biluy "' '"' ..... m 
ond noL ,.,...~...,,¡¡,. 11" r"'f'lc ,.¡,run it. In ""'"""' , .• ...,, ,.,¡ 
inclrk-;..,-,..-y"' ;,..,¡¡, ... ,i,..,.. ... fl<''l'lc ....,. k»< !he ,_,,.., •nd 
Nablo>IL """'"" """- FC<J< <"b.>rao·ICn>la of o ,~,,_¡ ..,.;:¡J 
"''oniulioft.,. cko..-nbcd by Dic>inz.. = 

1) intrrnotl) <<m>iotcnl ooli.•¡ d~;~L can 1>.: carrkd ou¡ b¡ <h< 
J«Í<Iy "i<hout t«>l >Uoin; 

b) hJrlll<>lliou• rola 1bo1 foL <os~lhcr ,.;LbouL «>nfl,.·< •mon1 ·-e) '"''""hly <:>dvin¡ r.-.ln >r.•:h tlut 1be1< <<i>t> um<inu;o. 
•nd 11obil11y ,.;,h nn ,b;'l' intpui>J\<" ,¡,.,,,,.,in ;.,b "'"' 
<irnc; ond 

d) role> '"""'l"lil>lc ~ilh th< nnn.<<X'l:o.l (i-< .. ¡«'fr:Ji'loic. l«h· 
'""'""""""'· <ontpnsal. and rhJ •iNo¡ir>l) , n• "'"''""nL 

Ao it dncif? ond h,.-,om..-.. """" in<rv>tc-d, • ><~i.d ·~~I<Cm 

dc-..dop> • .,1"" '·"""' 11<..1 rcinfnn-n. ohrnutb r..,~¡,ac~. '"" 
'"""'"'" of onJ ,.,¡,., "ithin. 11.., ,..,..¡,1 '"'<m. 1\"cll-ino.-¡.-r>l<d 
«>ciolly·••<i;•n:.l >pk<n> L)l'Í~•Ily h">i>L ,-h:,nt< anJ ..,,,J '"~ in 
OUt Ínl<r¡>I<'I>Li<!R of 0or>U'1- 011<.· ""~111 Of&UC, of <O~<..:. lhOI 1 
"'<11 in«v••cd ,.,.;,1 '·"'""' ,!wuJ,/ bo: •d•n'"' '" dwn~< •nd 
tho< 1>\Jur< 10 <lo "' "'11 wb¡« 1 JO Lo a ~""''' k"'¡ L<rm n<l 1tun 
ir il •<ro ar¡onk>lly adar<í•.., Lo <!un&<. Thi> ¡,_ p<<h>p>. lho: 
d<ll<m~c l><<•nn > d<><nroi•c •k~ ond; """">li>< >i<" uf a 
wcll-in«tr>L<d >0<.-ial >) >l<m 

~~ 1 rg~l R"""'"''"' -A l<t>lly roLi<'nol o)>L<m h o >;ll<m o/ 
Lnlcs "hich or< oon•plc.. <'011'"'""'· p«<i..:. and d,•LOJI··d ''"'"&h 
10 bo: r>pobl< o/ """"'bÍ&UOJ, ~ppkation. Srunc o( a...-.., ruloo 
m•Y apply \m¡>~<h>lly 1<1 oll p«~pl<. >olr.\1<' oohor> m.» •Prl• 
d¡f/crcnLiy 10 ddlctn>l da.,..., ol ¡-.copie. 1\ "kVIh <oo>nn.d" 
'l'>L<m is ,.,¡nnal ~>.,-,,.,. ;,nd ,r_ io ;, .rr,,.,;,, in-pr<><nlinB 
d!>po«• 11 d<>:< <hio b¡ l"•"iJo<>t; l<om,·~,.,~ ~ln<h dd'"'' 
ond •op¡><><L> v<•hnunco ol rcunnnúc ;nd "'''"1 •uk> n,;, 
r,.u-.--..ark al><~ rrnvoJ<• • P""·'·du« lar "'"l"ncn< o! ,~~,,.., 
di>put<> ~bkh 0.<-uf_ 

~J !'J.,.,,¡ llM•""-21,•- TI~• i> 1hc <ooion.olity .,¡ dc-ci>iMmo~­
in¡ """''"""-A d«·i,ionn•al:in¡ llnt<turc """"f"'><d oJo''" nf 
di...-u»ion rti><Íon•hip• and • "'' <>1 h<lid> ond ·~lu<> ohot "" 
imh<·ddod inLO • l<l o( «rngnll.-) role->. Th<'-<' rol<> ho ... hcon 
O»Ír,ncd 10 lndi>idoll• '""h 01 <o onoblt 'I<IJO"' ~ilhin <1~ 
«•ni<« of p1,.,...., ocLioru on.J commilrncnu.. l'<>l<uc.-.Jl> '""'":>J 
doci>ioa >IIU<I~fCS >1( baocd Upo<l lhrn- ¡u\J¡n¡ \ui¡><IOII><>. 
a«"<lfdin¡ •o Dicsin¡: 

•l moin«nan<t el \ndo¡><nd<n<'C of <be 1-'""P do <prto .. 1! prco.­
•ornlor dcpo:nd«>'-1:: 

b) it<I>On> In "<u<tuf< lht pali<Í<>I f;<«U¡> '""h Lhal p<C>>UICS 
ur b;);..,..¡ on.J mod<<aL<: ~nd 

<) P'<p&r>L>OII/01 futuro P'"'"''"' •hido 1(1 lo ir..«.,.. !hr. 
>l>bihly ond polioico~l •o<innolio. of 1hc d«i•Í<'n ''""'""" hy 
prm iJinl ""''"'•Lion ~t~d brwd.-nin¡ o( por<n·•p•nnn. 

n..,.. l<>rnu ol roti<>roaln~ >f< «n>inl~ r<l>~<d T<chni~al 
,.,;oo.J\¡y 11 """~ lOO", on.J o pan nf. <c:ooo<nir ..rin"-<lily­
Thor pniiW)' dwa<~crioiÍC "hH:h fCIIkv'"' ftom Ul~•n>l ,~·ooomic 
b<hovia< ;, • do<,...,n~ml Of ...-ulf>lHy o/ Uurin•··~ll) ·~luok» 
comrn..'<lil;.,.,_ n..,.. >r< u>dui' <>ni~ » oncan> lo , n~> •u,·b <h•< 
.><~lar optimi••<i<m moyl>c u-..:'d LO \<l«.L tbc <"f.,,,,,.,¡nJ bunJI< 
o! >h<rn3Lc ""'""'- P.rt,·ul•ti•m on.J ln»lLY ""' 111< P'"""'" 
cloat,.·«ri<Lir> of ..-..>>J ra1inno~1~ ''"'h ,t,., o>hl,~aL><In> o•nl•< 
lrom r>~<irul:or ><>ci>l rd><i""' ,.;lb inJ,.idu.>l• .. .w l""'r• <•<1><1 
Lhan t<D<r;ol. U,.¡'<<'-"li>l-..k~A<ho.\1 r<i>Lio>n> "h"h .. ,. arplio .>blr 
La •11- A.mp<i"". in ~bi<·h xtion> '"~"'"' f<'"f'lc ,·,ho lwm 
pllli>ular !dlll11n• 101l«< th.A "' ~ «•1"'"" 1<> ><h"'""""'"'· '' 
011<\lh" <hlrO\"LOri>IÍC of ..-..i.-.J l>llnn.>]Hy. Thu> "< 1<."< Li.~L !h.: 
oho<>o·<rri;(j,"\o Of C\'O"'IniÍC l>ho>n>hly """ «<Otr,_f >h-''l'l~ • uh 
11><•.,. of ...-..;,1 ,.,;,in;li<¡-_ RuL 1hio.. •• 1><1"'' r. io ""' n..-, ,,..,,.¡y 
<br '""'· Fm . .., f)j,.,.¡n& indic>L<o.. ncioh,.-r !<><m ol r ><Í•-n•lo<¡ , . ., 
<•i•L •i<houl 101nc ¡,~, of lh< nLhr'- L-nr"'"'" ,.,;,•n•l•<1 
!ho•<><i<> 010 ba<cd"" 1be "-~"<lllpli<ln lhll ><'<1>1 in!<"&l>ll<'n i> 1 



11 q ,,.,,, ¡o l¡¡n."Jl'r "' >-u ><¡1 "' '"'r"'"·'• >1\rn¡> ¡;.,., ,,._.,. 
••"'""J,o• h> 'U"!I'<J'II'"' '") PI<>I¡Qlt)l ·"11 1041 f»I<>'Nn< ""'"!5 
,,,.,,; .4~"m'-' f'":l."o JO) 1unp10>< -'11""'"" n '"!"J'!'"S 

-~IKl 
,_,q,., ><¡1 ""''!'"~r 4...,,dd• '"11!-"'· .. _. .. ~><>W!S <v 'MJO~ 
."1''1'·'1 -""'" < Ul 1<1<'!10)0< Álol>rJ'll"' JO f'IJO"' P·'~!¡dltl!< 
f 11< '""'1"1"' W!\111!1,¡., 1-'41!>"1uti"'!J Á'I»IJ"''l<f UJ,cw"''!'P-'P 
'""'" •<>t• 1"') '4' "! ""-'-' '!'!> -"'J r= "'ll 'l>f'"'W '!41 -''1 
r-'"'..J'"! ""!""""'·' "'1' '"4"" ~U""'"'"' '"!-'"4><1 "'4' ru• "'·'1 
-<l'"d ><¡1 JO ""!1<\U.><,•Jd.'l f»"JijdW!< r fU!I.'>oUI<U<» (<¡ <.>!1'1!40 

r-·~~"'' '!"'~' '''l ~··•"""""' '""''"""1'!-'->P '"~~ "'"'u"' •H 

)nu """""'-"' 4''" 
q~q· ~· """"'""""',.. '1"'', ... , "! ...... ,.,-,1"'1"" .......,.."' ... 
(q !'-.. ..,...,.¡ '""''-e .... ,.,,, .,.,'M«<., '"""'"",¡,""" ""' '"'' ""''""~'l"! "' "~' • "11 ~" • >¡qnodw.'-' •! '""' ..._,r<¡>q ~"""'" 
¡o ru•, • ~•!• "'"' ,..,.....,..,. ¡o ""''""''"' ¡<'1"(1 "'1' ~or¡d" 

. "'1.10)¡> ....... ,,.,. 
-U<>!l"' p>pun"''IO fu!>oJI'IIft )O id""""" >ql P"-"'I'OIIUI uo>UI!S 

1Unw11du ULJ>I·Iuoj • ful~l>< 
u041 "'!><~ (>q•qt"ld»>< W»l·l""f' JO. f!'O<¡ "!' UO ÁIU.:iu!Jd 
<IJ<I!<O.'>>p fU!~ -'<t .J)I'< 1! (r¡d .. JO .. ttm<(l >1¡1 ''!"'!" 100M 
01 <1 )"o1 J'IJ. <JU>IU>Im~>J JO l<l< UJniU!U!W • l>>llJ 01 \j1n\)U> 
p..•>f ÁIJ<li>Oq '! 1<~1 ""Jl->0 JO ><.Jnro 1 IOJ flJOOI l>'!"lLIUOf'p 
·>P "U =~n· '~11"''"''~11 R"""''/ "' bpifw"S "U (¡: 

...,"''"-'O> (u 
·¡t'\10!1<1 >\1"""0» JO•o 1UCU\UJOP >:O IW>liiO> Jnl!IJ! >IO!JdoJ<Í 
-do .,...., "'! n•~ '""' ''"1 ~ .... <vo......,,,J ""'"'"P 
'·'~'" ><¡1 ¡n """ puv 'Jt<.<>>d U"• (ow IW"-"'"' Ál~ruo!'"' 
¡ri>l •~ ')00'1'1"" 't•!""S ·•l<t•nod '"" o¡qomop >>~1!"'-' >q .(tw 

.,..,,_.,,J 1"""!101 111<'!"'~''''''' (p¡>tdW<» t<qo '""l "'U'! uf"'!' 
um<(< UOII"'ItJOIUI <11 :>:JU01.JO<IUII l>IO>J1 UJ .. .(¡qonod JO 

"1>1.¡><>1 iuq >1¡1 'tu<>W 'ou >q ''"' orq¡ .,;.,>!J.>d•·' "! 
''"'"' <~1 .. ~'"' ""!'!'·-.;)" r•• ~xqp>¡ lj'lm"~' 1'"'-'"l"!"' "" 
~'!'1'" ""'1'\"'P """''P·'P X>U>JU! {n• "! 1Jn1>1 Í<~ u¡ou :>UI/1 
'r»ldJo r•• f'>d<~>"P <u•l•= .. .,. =1•n 'Al ""!'"'S"! "1"' 
·'"'!'"'"! '"!·''1'"" ¡u (,u-. 1 poqu><>r ""4 •M '·"!1-><~d 
ruo <>¡ru """!-"P ¡rnu< ¡o I¡Jpau> "'"'""'!"' >ll<o¡o:>J "'""' 
q•Ol\U IU><>JdM ju!-.J'~"' p<l~ .(1~0UU!1<> p:>p<III<'<¡J"' <td>>u<» 
"'U >¡qo<Wd 1'1"''" >ql )O :>m ."1\ n .. <! ¡r41 '><!1U'I<qn< 
Ji,>¡dtuo; >~llJ 01 :>¡qr ><¡ 100 .(!w <r>,.wUO!'!"'P r-•p¡<un 1<41 
"'"'qo 01 !"~ >t¡¡ od•qud ..,,. bt110H:1 '!6[(1 1L((I """''S 

">)'!!"'>) 1->r-JW ID¡:>r [<UO!I<> ;otj1 JO""' 
"!llll'J<qn< 'T""' '""''" '""'"P"'" ''"''"·'' puo 1"""'-'11""! >ql 
'"4' ro• '>¡q<I!'>P 1''" >¡<¡I<U>d., «nlld tt""'!'"' -'II'~WOU<>"-' 
"' l<~1 ~'"" " PI'"" 1"'"''"'-'" ""!"'"'" ""!'P"'' "1' u><¡.-. 
>IO~dOJJJt ><¡ (¡uo p)M" UO¡<J>.>p ¡rUU!I" Íl)" 1~011<1<1~\ u• 10q1 
"""qo <><¡< .(ow >~\ ·p:><~~ -'ltt""'" Pr<'W >IJI (q 1'-...>d """"" 
·O<t> ~!qll~ (¡uo ~ " 1<41 >•now.>¡l" uo )O ""'"-"~"" 01 P">l 
'<!Ut"ll<UO' )l"n)>.')\'10! P"" >:Uno-<" JO UO!I<U!qUW> O JO""""-'><! 
'11'" ~~-(0 JO <>!1!1'·" >ql )O »U>IOJd >4! lfi'U "tiU~Ctl•U"> 
'""\1 oo11nl"' P"" '<UOit<llw•¡ ~'11'"'"' 'U!"'l"-'XU! luoppow 
"""!' JG "n<:»q <1)!\<,>J W!\IUI¡do 001)1 «-'1 U! llft<>l no'fl """'-'d 
UlftiU\Ido (1"-'>!IOWIOU t ><n O) OJIII,IIO >41 101(1 <1<1/U~" )U>tU 
-Jiouow putll>lii!'SU> <W-'It.<o .(<¡ l'"'!"fo>» O»<! to.1 «q >1 

'l<l\"> '"" 
""1" 11'" !"''!'"''' ><i! =. oo .(¡!:>rdo> ""~""" ""'-''JJ"' (q 

""" '"!"'qo oo "-'!ru><h> puc >l""Jl•r "'! 
UJI)O Gl 'fl poq,_.,<U "11)0 J<ft >J40Ul 01 IJO!INUOJUJ IU"!-"JJ'" \j 
::>¡q<)!"AO "! IDU U.IOJU ~~~ .. po~IO"lJ "11 _.,!\ Ql OUI!I 10"!-I~]Jt< ij 

:Y:>¡douo> ÁJ>• ><¡ •>~JO 11~• """!' 
·Wf' IU:>¡>U,.¡,¡.JJIU! 411"' >d<J> )!\" ltt¡l ""-""d 1""1!"0 • (J 
''lq!"'>d <(t•l• 1DU J:O tx>l>l>t" puol '!>oUt><» '""'!'"11!'1-'• 
uoqo 1"'--l'' uo!'''"'~" >.lll<¡n.•tt> • pu< Al !1<11"-"' P"'!><'I>P (p 

'(q""' 1• 1" "'""""'~ 
n¡n<:>J .1<><1.. "11 01 JI<'>! .(¡unu.-uu !<JO 111"' """'"'"'JP JO 
U011<"1'!W!t<W 1"'0 <1"'-' )O UOOrl!W!II!OII f'll• tJO!II:UIUII>PI' (> 

:~¡<¡t~ IOU ,_..,....,JO 
'<! .,_.p»fqo '"" '>!-'-' 11" JO ""!'""' J!'tP 1""' ""!'""1'1'"'"1' (q 

¡ . 

:o¡qfl-.od' 1011 'XIno~> 

JO 'S! fu!1<WUOJ<p>p por 1U!'' •c¡d 01 111• ''1-" '·'l'l""'ll'' 
P"" '11"!""'""' '<p.»u ""¡o "•'!1<>!J!l"'P! >-"<"-"':>JdW"-' (o 

"f"'l "! ><><U. .,_,,,_,.,d u¡ '""' "1 •u• 
,,_.,,, '"" 11'" 1"'11 llu!Y"'""""·'P !~""!'"' ·""/"'"'" 1"1'''-'-""' 
JO) <l""'"·"!"h.>' "!'""'''!"' 1"·'•>< ''" '''''1' •i¡>ltunl"'l"n 

1Uil "'"'N 1'1'< '!"<!JO od>o< fu!"'·'"''d 
""!INU<I)U! IU~j¡f"' >~! 01 111>)0-•)llb> -'II<!IU><<> :>Jo :><>t¡l_ 

""" ·~"-"''>Jdtu• 1>011.''0 J<l) 1'-'"''1" n ~"1"" 1<>\j1o~ "'!' qu .. 
-<>!¡od "1' p<.o P>~eduJ<» "" ">)11:u ,,;,¡. 11• 1" ""'1!'" ,q, (J 

pue :<p>.>u uodn 11.><dw! 
"' JO """1 01 p.>om¡e~ '! "-'""""'!" 4-'~~'~ )O .(}t¡lln "'11 (> 

!p..,¡WJ>l>¡l >JO "'!I'W>IjO UO!I-'0 )O ,-,,-,d<U< "ll (p 
:por;¡IU>f>! :>Jo <p>lll ><¡ouJ 01 <>!1\1!100 o¡q¡<Wd (> 

,..,.,. ""'!"'• U<l 11<1!1'01<110< 1'''-"' bll>n¡>O U! >:>U01.JO<IW! l!>i¡l 01 

'"!P'"'~" r-'"ti!'·"' pue '!'-''"'-''"'' '1'"1""·'1'' >Jo "'!'"rqo (<¡ 
~"'""! J.\1)1~ WOIJ P>l'l"'' Íl!nJ1UIII'O>W 

"'1 u-.:o 1041 ''"'!U! q11"' 1"'""'1~ <! ~~,rwuu!'~P ><¡1 C• 

luov<ulu>!~!»P ro 'ilu!uuc¡J 
J'"J0)101 "J '.\J>poo W>l<-1" I""">II:>Jd>JIU> p.•¡U>UO·IU..'W>I~~p• 

"1' '11!~ """!-...-"'"'!'""1 10 '""""''"" ru• ·uo''"'"·'"" 
"'!"1"-'1"• '-'"1"""'" "''~'"·'!' ""' 01 ~""~''"" 11'"' 'n~!'·"h' 
><¡ 01 pue "'I"A ¡o q>nw "!"" ._, 01 <Jo:>ddr. Pr<'W "'"" !"""!'"' 
"!' UJ<jl IIJU 1 ... -tUlU!Q ('1 r><l!'><>p <O Au¡t'II0\101 ~oUO» 
pli"' ¡t'l!Uq»1 0\ >¡<¡<:JOdUk" <! <!'IJ. "U<I¡t'l JO ,_., >ll]»f<¡O 

"" oo P'ttq U0!<1.1>p '" '-''"'ll 1 "~'-'" pue o<111n¡u< o 01 
....,,... "'!~<W>I(< "'~'" • •n•J· ·" ''! <:>opn1< "W>¡qo.¡d • JO ,._., • 
"""""'"1 1>1<'W'J0!'!'-1P "'Ll =Pi"IV -"'1>1' 1"""""'11 "U (l 
··~IOM,,lJr)l tl<>¡<!»P ><->41 )<• '"'!Id\-'><>!' 0 WOJj -'iP>Jtr 'fi01!0J 

10q1 ''"' '"'""!'> '1"1"1·" "' ~U!<ll(l ,(q p>qtr><>P <~t¡ruoiiOJ 
JO Ud!¡¡ '-'U >1(1 01 p.l!O)JJ >JO >•>ou_ 'j>f'OW UO> >h<¡...-1 :>tjl pur 
'ppow <><<»Oid 1"""11e11UO'il"' -'~' •ppow .. <(fnoz41 to~ppnm .. 10 
'¡t'\0.\IU.>I>tll ''-'!1!)0d >11<1,,1100" q 041 'I'P<"" .'lt)tUO!IOJ p>pun"q 
J(l 'iiUPU"l" ><!1 'ppotu 1<'1'• (OUOIIOJ (J!IUOI<OO:I) "ll JJO "'-><{l 
JIIOUI ... <UU<ll:-to¡rnod»U"J ilt)"'<>ll•l <ll<lUr' twdn r-""'q liU110UI 
·UO!f):>•p ,.,¡ <¡:,po111 J"n¡d,>,>U,•> 1;, IU'""'"I·"'P >ql O¡ >111•1·" 

""!"""'P 4 •mu "''"1""' "'"'"'11: """" I"'IO!IU!"O'iJo '<U 
-n~f~>>r '"'""'d ""'"'-<' 

'""""!" ""'" P"" <~t¡':l""! 1"1"" no poo¡ p¡¡,u, '"'""'!r ..:nu 11'" 
.-..., q>!'l" ''1'"""""'1 ""!""-'~ pu~ ~"""!(!¡o <1111<1) (u¡1'u"''"' 
•'11 <>1 111"'\ .<;IIJ!U"!\01 JO """'1 <><>41 JO <U0!1~j>< JO irn" .... 
-~~!~101 .,-,_-,Oid ruo •.(llj<U~IJ<J X11<1 '(1!!"""!101 f'OI<>lUUJ 
'{IJf'UO!l<l j»IJW!) '-'l!I"UU!IOJ p.>punoq '"'""'P IQ(Z) ~>Jt)~ 

-tu!<>IQ )0 \lUJO) O.lJ "11 JO ¡uopu>d;pu! pu< 
JO n"<t"< ><¡ PI"'"' -'"l'""'lOJ JO IUUOJ )OU(>tltppo "'"'1' qJ!~·" 
01 IU>IU >IJ1 JU!Wm>p 01 I<>J>ou¡ )O >q p¡nu .. 11 ·pxlo¡,,~p 

><¡ .(l"'ll<t"'-'P 1'1"'" ILOíl'hil[l "''"" """''' '""!""' 1u!POJ>IU< 
U>l >ql """" F<"q ;drqJ.>d 1os! <>•¡ouon'l 10 """"1 f'u<'IIII'PV 
·.(j1("UI)I1el JO <W.IOJ 1U>I.\j)lp "'J 41! .. j»<Ul>t<O> [L¿)1'U">IQ JO 
~Jo," "!IJ>>J.>d >41 ¡o '!'duuí< P·'H•I>P o r>\U.><llli "'"4 >t.\ 

"1-~·c~ -•<J»(J 
-u'lt•·'P """~' uo!louuu¡u• uo <u<>IICJ>P!""" úe«>.>.>U ~,., -"" 

[9Hl 1•10¡:1-'"l'""''"' ¡omr-'-"'-'d poo >~'IU"'4"' toql '""~""' 
""'~"""U! .(¡llooui P""''" "-'•q >.'11 .,.,;,.,.,, !"'""'"'" ¡rw>IU! 
pu-o ¡olnp»<>JJ ~~~-~ P•'l""ll"O.' <o JOt.«q"l >•~U<l<qn' >41 41"" 
p>UJ>:>IIO> .()!"'W~d "' A1!10U0!1" ¡do¡ puo .>!Wotl0"3, -,.n.,.>Jd 
)O ""!1-Ul1P "'11 ><> '»..00 JO ""!l<¡nwfi.>.X "ll ., """!1<¡» !""'" 
-J>d.JJIU! ¡u :U<11.-.nJI< "'11 "! 1n11 :,.n¡u.xud puo ...._....,d ju~•P-J••! 
bU.-..>Uo.> J<lni)IU" !"Ul>IU!" ql!-" p;uJJ.}UOJ ~J!-"'W)Id >JO 41<><¡ 

1•ql -.. "'11 •t """'" >-R ()!1"""!'"' l'"!l!tod p<ll' t•~ 
·p·)'Jf >le ""''l<t<'ld """"' 

""11" :o.>J<H>Ó>;I ""'"'"'~ ·"-~'!>"" 1~41 '""'"..., "11"""!1•1 1"!""' 
'--" ''1!"'1" O u¡ 'W<!I"""!I"'J lO IIOIUII<>> (tC1 "" 1"'< <>!111''1 
·Id.-. ""!HiftJIIA pw ""!'"'!I'"UIIUOO' 1<!" OU<JI "'1' opm :(1!1•>1 

11&1 ... ..,,.,.·~'OH '\j•,} ... .,.,.. 'UI_I1H ... l> GH• ...... '<H1l<A<"" ..... 1.-ln .... Oltnl ~ 



.................... ,_,_, ...................... . 
"'"'ny •h=li•~ can br lound lb< ronclu.ico1 io rtodl<"d WT lhr 
o,....OrooÓO<I ""'"' io T<"<> 1ooo ond .... -.~. 10 br incn-:u<d. 1M""'' 
, 0.,. ;. 1n1< il no ..,,;,1><10<) o1~<uuri•n '"" b< l.,. OO. ThiT nuy 
~...:1 10 a unÍ<!"< N'>lntinn ~~'""'h Íl<rooioo. 

Th< prin•:iplc ~r •~·und.-.1 roTH•nolro> and d.., rt>ullin¡ .. Lilfl<­
'"' ~ lUUO>h Lh>T ,;,.plt b<uri>l,..-. m.o~ wdl 1..- odc-quoLC 
lor «>mpf<1 probkm >M. in' .;,...,,ion>.. S..•i•r•:in~ >1l>l<¡in moy 
¡,.. n<rllc"tll lor rq>.:tili>"t probkm•. TI"')' moy 1l<0 k>d lo 
pt<1N11Urt cft<'ic"<O th>l rnull in unlort""'n di»•t<ffiUS con.c­
<id<"tl<."n; '''''''<<lU'""'"' ~ hi<~ .....,Ld lu>t bo<n ro.,.,,,.,., by IMrt 
,·uthol """'1)-.ó>. Tk h<uri01io d<ri>i<'ll "'"'' ik>Cril><"<l iQ S....iM 
JV on: on •«•inn• nf ""li>ficin¡ '""""&'•._ A,........,. P•P•" by 
ll>orn!>l< ll111 pr<"idc•s """fui d<><"t•¡otioru ol ~•)"> in ~-hiclr 
h<uri>ll< dC<i>ion tul<> m:w be u. ... -.J ond ob.....J. lk•clnp•n.:nl ol 
cfroci<nl ond di«Ti• < d<ci;i,.., lKU<i•tin ;, a <"OOT<mpor.uy .....-d 
¡,,. tb< an.ol•>i• or dro."i>i<>n l><h~· ior l~b~ [S9]. [1>01. tbo nV>Jdin& 
ni <>r~onitoiionol oOO inJi•·iduol d.-..·i•ion>ll9ll. !)~~~ •• \\di a> 
¡,,. lh.t •l<•i~n .,1 ""'"'"''""'''""""In aod d'"'"""'"'"'''"' j\16) 
W< lo<l'<• < <hot '" [~· '"'"' "'' •• ••·11 01 <HK"><nt. lo<um<«• "oll 
~,.~"' b< "'"''~'1'>-.J <no •<r"J """""'""'Y •·i<h ~u< '"">«kr•· 
,;.,,. 10. tho mony i<>•J•I«OTinr.> of thc .-oaun¡rn,-y l.o•k ""'""'• 
ola dcci>iOJI >iluoti<>n [l261. 

J) Th< 8UTtUWTUI>< ru/ui<:J. lrktt,>rni~IW>r, <X ""MuJJII•J 
n ...... ~ H M «M: Allrr probki>IO ..,;,., -..túc-b r«¡uir< • ch>n&< or 
policy. policym.>1<" con>idor only a "'Y narrow ront< of al«•· 
n>~i•eo d.Cferin& '"a ""'11 dc&r« lrom thc c\i"in~ poloc")l Onc 
•ll<m>Ü>< io !.<l.""<l<~ and lri<•d ><>lh unfM""n <rut>«¡UCOO:S kh 
... be d • ..; .... <d-,!IJ 1«>1<d by '"b'""l"""' io•:t<m<OI>IJX'l•cico. 
nu. ¡, ll<< ............... "' •icw. 

ln 1~19 l.indhloo" 1'""""''"'' lhc •rrw""h ••lkd io<romonto· 
\i•m."' m...:IJI.ng tlorouVt !21SI-I1lll. 1<> <"Oj>< .,ith p<rcd•«< 
¡,,,.¡,,,;,.., in me "'"""''"~•11~ ,,¡,,,,, "'L'P''""'h. MO<~n•l »1· 
""' ol ch•n&< edy ~"· """iJ,·t«<->nd thc'"" lvr ""\y • le-..· 
Jommsi<>nS o/ .al"< ~hcrca> 111< '""""'1 orpwodl calls /or 
0\houoliv< on.ll"i' ni <><h idcnl<f><d ;hcon>lo'<" oiM& oll id<nll· 
C><d d<mm.....,;, ol >alur. A numlxr ol au<hcr> lu>< obco.n 

1ir><rcmcn1almD 10 1>< lb. 1yp>Ql. =-· aod ourrcnoly prac­
',;,..,d 1'""".,. o/ !roups in plut>liSii< ><><ieli<> Coolllioru el 
>p<"Cial ml<U:>I ¡mupo moke cumuloti"· Mci>ioris aOO onive al a 
'*"'koblc mmrromi"' lhroul)l a r,i•"< *<l tAe 1'"'-"<» 11>11 

1 Lir>Jblom <All> ""p>tiÍ>>n mulu•l OdJu>ln~·nL." !le iOOic>ln tho1 
, idcolo~i1"JI and otho< •·olu< diff<rcnc~' d<> not inOu<O<"< "'"'&'nal 

dc<Í>ion> :u much ~· m>Jot <h,.¡<s an.l thot. in lorl. •·on>idcrin¡ 

"'"'' tin•l ''"''" "'"-"""' '" prO< ti~ <""~r>inu ~ ~~ leod 10 o;r«· 
mml en n10r¡.in.ll pro¡ . ..,ns. Funhet. ¡,..rcmcntol"n' <>n tnult 
in >trc<m<nl on JITi>iOn> and plan• 0'<"0 by 1l1<>>< ~ho ••• ia 
lundan1c·ntal d<>alr<'<n<nl en •.lluc>. lto""'"' ""~""'"".ll<>nl 
appcan ~o"'d 0<1 ~.._ pint 1he m:»>n n<Jr¡in .. dly conlrnL ond 1/wo. 
m.>y not l>r ablc 10 do ntuch 10 help th< t.tr>~y und<r¡>n•·ilq<-d 
ond untrpr<><nl<d. lt i>. ol rounc. • con1hin,¡ion ol Dic.in¡"o 
....,al ""' Jl<'lllic•l ""inn;liTy. BouiJin& h .. cnmpof\-.l in­
crcmentoli>m oo """""""& lhlou&lr hUk>ry liicc o dnmk puui" 
._ diojoinoed incr<ll"'"l<"d !001 ohcr anotbcr.~ Y<l lh<re ho\'t 
bo<a O numbcr <>1 01UÚLCS. ouch "" Alli.or¡"o •ludy olthr Cu!n.n 
mi,..;le <ri>i>l4J. St<"ihbrunor·o <>>< ,ud,.-.jl59). ond <>11><<> ~~~ 
ITD1i1·11H11400J .,hicft indi"''" !hu 10 b<"" oh .. """' ap-
pr..:octo in pracoin:. " 

lt "impor<ml 10 note 1218]1bot lin.lblo~n <'J<""<h l<toMmicl 
•·mnpiol•<n>i>< rali<>n.olor. <•<n •• o"'""""" n .. .Jd Jod indi· 
<"-''"' thJl >}">lem> on>l.~>i> .,. oll cft,·n k:oo.J 10 iJI.,·on•id<r<d, oltea 
=id<nral ir><Or\lrl..·h·"'""- lle >nJ~<:~In \he tolr.,.,.in¡ inr·utobk 
hmirations 10 anal)~¡._ 

" ·o) lt.is fallobl<. n<lct ri.cs tn inlolhbLiity. and can l>< poorly 
inlotmcd. oupo:rlo:i>l. biJ..-.1. (lf m.:nJociow.. 

b) lt o·onnol -.. h<>ll) r.·..,l<c mt~fl"=t> <>1 lJiuc: ond inlcr<>l.l. 
e) Su>l.oin,-.J on.oi)>Í> may b< loo oln-..· ond 100 <>»tly rom-

1'-'"~ ~i~h ""'"''""'"do. 
dJ h>u< lor,..,..IJ«•"' ~uc>lion> ~.u for XI> o/ choice or ,¡¡¡ 

,oo '"""'" '"" ""'-ll)o.i> mwt ;>~¡,...100m /or politk>. 

., 
A ptn:ei•«<""'"' J>f>Cf~:;tl nlOdcl 1'"''"' f<'lt ~"'~""'""'"'l.ing 

tlun or.. ..,~,...¡ '''''" ......... i>. tl><rd•"•· ,·;a~W l·~r. TI>< ,,,..,¡,.¡ 
;. ck>< n~U\1" an.l ¡, "" ..,,..,.., \1"nion of thc J>.>un.lo·J rau,\11>1· 
i1y ,.,,,Jcl. Altcrn.11Í>"< moddo how l><<"n ~'"1"'"-..1 !lllt 
n.. ·~ain frolutn o1 me cnoolcl ""'"""'d by lin.!bl..."'' ~·• !he 
ful!.>oo ;,.... l 

lj End• ood rnoono ~,. ,; .... ~ IU ""' dhtin<l. Con><"<IU<nlly 
,,.,..,..cnds on:>ly>i• i:> vi'"""" ""''"" in•Pr"'P""'''· 

2) ldmllf><o<Í<lll <>f •al""• and 'NI' ¡, nno J""""' r,.,.., tb< 
· arul)rO> nf oll<m>lilC ""''"""'- Rath<t. lhc l~ o P'"'-""'""' "'" 
cnnk;.rnd,-d. 

)) Tñc '"'' lo< a&""'~ 1..,¡¡,.,, i> .. l)pkolly. ot,;o .,,¡.,,,.Jo· 
''""""'"'"""""' ..ulpt.. "''"" "" • 1""1"-., ,. •rr,,..,;.,. 
•ithou1 "~"'"""ni)· •;.:•-ri•& thot >1;,. lhc '"""\ opprorn>~< 
me>ll> tn "" cnJ. 

() AnJIJ>Í< i> d,.«i•·•ll• l"uit<d. ¡.,,,~'""'"'"''''" ""'"'"' >r< 
"' ~r...... •• -.1. •..J .... , ....... '" '""""'" ' ~ ... ·~·· ' ...... ~ • .,.,¡ 

)1 U) P''"""«<<nl ''""'""""'"'") •..J •<>mpann¡ tl>< "'~!<> .,¡ 
<Xh n...- poliry .. ·itb 1ho: <>Id. docJ>ionm;tl..cn red~<"< ot 
<11minatc 1dioncc on Wof)'. 

6) Tkre il a ¡ocal<r pr.......-upat>on •itb ilU lO b< r<"m«<i<d 
ri11><>" 1ban poo.iti..., &"'~• lo be sou&~TL 

' In o'""<)' ,.aJa~ lo t<<<nl "er~ <o>rK<min& "muddlin& thu•u~ 
12211."" Liodblom dJ.,ihod "'"'"''"'~1 onaly•i• al thr • .., k•d>. 
>.implt. dajoin>cd. ond >1fot·~. Jn.·f<rnonTOI onol)>Í> ».a> "• 
bi\C ind><otcd. O ~.J dt..:ripuon ni J"'hlic>f dcci•iwom.>Lin& 
&nd i> ""metimos rdartd In" lh< ('<IIII11"JI P'"'"' m...Jcl 

4)17rt Q,~,,¡;;Qúr»ouJ !'m • .-•¡<> .1/.,./,-J. Pbns ond dcoi•i""' ore 
<he oo>Ulo of int<rpr<UI<On n/ 01oodarJ "1""'-""1 ptoccdut<> 
lmpm""""'""" aro obliin<d ~' corclul idcnufo<oúoa cf <>Í•I<n¡ 
>ta<>Jord <>p<t•tin& p"::udu '' and &>><"><<>1«1 or¡,anir..:llion>l 
"'""'"'es •<Id J.·t<rmin>lion' 1 improvo·ntcn" in th=. 

Tlk· o>rtonizaloonal ptoetlO ,~,odd. oripnally duo le (" )<11 ond 
M:.r•·h [6$~ fu<><IÍO<I> bj- rr+.:n¡ on >lond.ud <'f'<r.rlm~ pro.."<· 
dure> "hich ct«l>li<u"' ti.., "''"lO<)' O< intcl\i¡<n« b'"l o/ lhe 
or¡,aniuuoo. Only il the >la~>Jord up<roting proo:edute> /:u! -..in 
<he or"'nil01ion al«m¡>l '" .!.-.clop """'" ,un.J:~~d pro..-.durn 

TI..: ortonizalion>l r<<>«>lCI m .. dtl nuy r.. vie•«d <>~·.., 
<Xl<n>irut o/ ¡h< <<>n<<pt of t.ound<d roti<>n•l•IY lo chou rm;tl..in¡ 
in nr&"niutiono. ll ;, cl<ori)' an opplicotion ol ,.,.,,,.;,, ;ond 
,.,...,.,,¡.,y"' dU<a.·of)' ood >¡>plicoTion ol n.l<S In.,.,., h ""'l 
br ,;..-..<el u a bybnd o/"''""""'"' ond lcpl rouon•l<ly. h 
l)pi<>ll)" in•"o/.,.., ''"'""'" .....,,.,ional d>nu&hl u ._, ho>e in<li· 
cMod in s..-,!ion V. Th< Oliin<P"""'P" nt lhc l><h.-i<>falth.:o"} ol 
lh< t.un. lOI\ich i> lUUC>!«< u a dc><ripu>~ rnodd ol" acTual 
<"boi<cmUin& in "'tonU..:o<>- uo u lolkwo:l. 

1) Qu,.;,,.,..lution o/ crmllict: Moj<>r"probl<m> are diwtf.'<· 
l'fl<d and cadr >ubpmblo:"m;, >ll•<kcd loo:all) b)· • d··r=· 
mmt. An ~ubk «"Aflicc r<>elulilll> b<t• cm thc dio >tU 
ot d<lf....,.., "'""'"""''* ;. r<a..i>cd throu¡.lr ><q...,n1i>l ••· 
tcntiOil 10 d<-parlm<nt>f ¡oo!.. 

2) Ur><cn:únoy ., . .,..¡~ ¡, :t<hi<wd 
a) by icxliiiJ 10 ••"'nul lrcdb:><k, 
b) !>)· <mrho,.;zint oJ1otH<rm ch<'icn.. and 
<) b~ ad"<:otin¡ nq;o<il&<d lulur<S 

)) l'ruhkm >I"OI>h in ~h<do 
ol >.<ar<il i> >limut..h-.1 ~ C1U"OUOI<rint ¡...,.._ 

. b) a Ioom of .,.,;,l,.;n¡" ir. u ....S •• o d«i>iun rule. and 
o) otarcft in lho: n.·i~hb.ori>O<>o.l r>l 1he '"'u' qua <>ni) " 

>ll<hlpl<d and Mly i•:rcmcnlal ><~u¡¡oru are <<>n•id,·tcd. 
~l O•to~ízalion konUn5: Or¡ona.:ui .... a.l~pl on th.o ba,¡, o>l 

<>p<ne""" 

Tho ~•t~niution>.l prn<o:.> m-.dd may b< vi.,.·cd ., "'~~"'""& 
lhal d,~¡.;..,., ot Tin>< 1 n>:h le- lorc<o•t.:d -..itb alrno•l '""'J>I<Ic: 
"""'"'Y lrom k"""" l..-.!&< :.t ~ ... ~,;.,, •• ,;,.. 1 - r ~ ltcre r U 
<he pbnnin¡ ..,. ~~"''""'"" ,...nN. Slan..l.ud Of'C'"""! P"'•~ 



... -.. 
"" UA~ .. OIO .. "" '""""" MAl<, ..... <1 11 O~LIIL:O, ""- ""·11. ""- \ 1<"1~110 I~U 

dun;> or ~PI'Ol'Om>.~ ond <du<~tÍ<XL motlvotíon atld ~~p<riencc 
or "P•<>&••mmlng" ol ""'""'",._.,., ar< lhc criuool <kl<rmin..,u 
ol bdu•Í(If fot Lh< or¡mizoL....w.l pmn» 110<>Jd 

5¡ 1M G4•Nt.< ('.,~ Mt.Jr/: Thi> rtlotí• .. ly - m<>del f63J 
..;.,., <><sonlzoünnol <l«í>ionm.U..int .. tc•ulun1 '"''" lour ,...,. 
abln: problc""'· W>lutioru.. choort apponuniLln. ond p<Oplt. 0.· 
ci>ionl rnu.h lt0111lh< Ínl<ta<l~"'"' >llllutiano lo<tl.in& lO<' ptob­
krn>, probl<111> lool:.ln¡lot ""•tíom. d<ri>ian opp.munitin. otld 
p~rtíoponu in !he problcm ><>l•·in¡ pt<>«». TI>< mc-dcl ;llo•·o lot 
th< .. nrioblc> l>cin¡ >Ci<ct<d mt>l< « IN> o! t~ndam lront 11 
¡orbo~ ··•n n,..,t.LI<>>Iv th" ;, o "'•hule de><ripti•• m<>deL h i1 
••rnulh· ohlr lo "'P< •llh omhi¡u''-' ni intont1nn, unJ,"'>tond­
in5,1LÍ>Lory, anJ or~onL.,IÍM. Funh<r, it prn•·id•'' 1nuch •upport 
for o I«:Jhod mr.!cl <>1 or,...izoh<>nol cboiec in •hi<ll pm. 
crrnct> and «•¡mlinn• ni inJ11 ;.¡..,¡, ofr«:t Ll>ett bch>~iot, b<~v­
itu ni LOJ,·iduo!o off.:cl or¡on<utiomd choice>, nr¡onitoti<>nol 
<h<>iL~'' oflc.-t ,·n•Ít<>nm<ntol O<ll'i<;, o.nd r<>P"f'>">. iLnd on· 
>ÍfNIIft<ntol <>etuil!C> oL>d "-.p<IOL5C:I olkct !he prdtJei>CC'> iLnd 
ro¡niuon o/ ind,.,duab fll71. ,O,n «l<fl>i"" onJ d<f<fiÍil\< di..:u,_ 
>ino <>1 omb<¡UII) orid chn«c in <><&>nint'Lon, ..;,h cn<ph,.;, upoo 
lhc , .. ,,,.~con mo<kl, i• c~nL>incd in flJ7~ 

,O,II /u~ <>/lh< mod<lo Of lro"""'o><t> /m dori>lonmoJ.in¡ ha.,. 
both dc>itobl•• ond unJ.,itobk dl>to<l<ri>Lic>. ('~n.;lu>iOn> moy' 
IH: dro" n !rom 1h<>< lllíl<l<l> anJ 1he loe! Lh>t any of Lhcm moy 
be .-.l<•·anL in >p<dfl< dt<um•l""'-.,._ 1/""' •«<P' tbt fxu that 

1) ,,, . .,,,.,..,,,,,,. '"< • '"'"'! ,.¡ n><dtW• tu"''"' """'"& 
olocrnotL>"<> !or O<LÍ<>n in,~l<n><n<oti<>~~: 

ll th<>< mclh<><h .11~ lrcque.,tl~ oubopti<nol; ond 
)) m<I>L dcd.Wum,¡l.<n d<>Í•< t<> cnlo;>ncc !Mir Jori~oomo)Jn¡ 

df<ci<n<)' ""d <!lo"i•cnc.s; 

thcn "" mult con<ludc tlut ''"'"' ;, mll<h morivotion '-nd n«d 
for t<>earth ar>d ulh<n:ll< dc>':n •'1<1 d<vdopm<n! <11 p1omtio& 
and d.-ci>ion ouppo.tl syo!cnu ·.ul tho>< !JV< m<>Jd> mol. o ll vory 
doar 1hot imp<o• <d pi.L11nin~ . oJ J,-o,ionon:ilin& <lh<Í<L><')' ond 
dfttti>onuo atld aid> LO <hu <:.J oao only be IL"«><nplub<d ¡¡..., 
uL>dor>Land human d<rioi""ma'••& .. it io a "~11 :u 1>ow l! mi¡l11 
IH: •L>d oJI""' lnr in•·orporotio/' ,.¡ Lhi> undcr¡\ondin¡ in oystemic 
p<e<CSI adJD"<In!~ Ooo el t~.- ,,.wr<m<nll impo><d on tbuo 
adjuvan<S ...,¡¡ be rcl<vono: L' !he individu>l aod VOUP dc­
<Í>lonmilln& >11'\K'tUtc psn (:J7~ [lMt [lOJI. [COl[. ,O,notber 
m¡uirc.ncnl " rclcvoncc to ,,,.. illl<>flllOiion rcqoitoll\enu o/ tbc 
d«:i>i~nm:ll.ot. We dioc..., b<><.l of tbo:>e in thU S«tiO<L of out 
'"'"~ anJ '«>t<tpr<tation. • • 

Thr<t havo beco mony >Loxji<• nf UOIJP dori;ionmo..l:ing. Th<>< 
<ndud< 1h< funJon1<•nt~l lhcor,ticol S!udie> el ,O,nO~- 1171 aod 
n1brt> "'hi<h •h<m- lh>L. und<r o ••"Y mild sct of te>li>lk 01Í01nl. 
lh-ct<" no "»UI<'dly ,,..,,.,,h: ond me~nin¡lul ~ay in ~>hidt 

"'Jm.1l prdcr<nL< fun<ti""' of 1 •JII'IJu.>ls mo¡- bo "'n1bincd into 
o ptd«~n'" lunclinn lO< ><><i•·" ltlt [1\16~ (279~ poo~ ('onnic1· 
in¡ ••lun ll7~1 3« thc m.1J"' .ulpnt prc•<nlln& thio combin. 
"""- Thi1 h.~, , nunol><r o! ;,,,rh<>Lion• •htdt '"".,' mu<b 
L',uli~ in uoin& nrdin;LI prd:,.·n•·• >otin¡ 0\>I<Ln> and ;my 
>)>l<'mLC opp«=h ""-><d onh <n ,.,jinoJ, p<mibly •boli1ti<:. or 
hcunMÍC p<tlct>"<><n o_..-, >l:.ttl>l>..._ "'"""" 0<1><1- pos>ible 
d,·bilit•<in¡ «<<<>m.""-..-. OJ< og•oJ> dcpcnJcnl rc>ulto •·h;cb c;>n, 
o/ """''"· b< J110 1o ,.,h.,- cff«.t> pro~ n.. .. """ b.-en ~ 
nurnho;r of SLULJÍ<> of StoUP 0: ,-i..;,.,. alld ,.._-;,¡ and orpni· 
,,,;,..,,¡ intcto.tion• >U..h ... ,:.,,..., by h.><:haro&h jl9~ o • ..;, 
Jb~~ tct ... ·rt .1nd ~hl>'hdliH~~ 1 : .. lwm, lln¡anh. ""d Kkmp""r 
~~~¡. 11"11'""'" •nd Hendri,·l. p·.~l- hni> ond M•nn 117~~ 1 Hl~ 
le•• i11 1~ 111. Mint<b..•r¡ 12>~[- '•'"""' .,J ¡¡,_,_,¡. 1!76~ Sdl>.~n 
[ J 1 ~1- Shu'"""~- n ~1. [ l!~l- s;,. ''" [J>Ij. \'in>'l.ur onJ num>L.;n 
j.l'I!IJ_ [.191) anJ '" 1hc <Jit< •. ""'k ol lh•l.«. lo,.·h. and 
M,(l.·nn<n [I~_IJ_ So:•,•r.l ,..,,. .>i< m<Lik><l> ha" 1>."<11 plt>p»oc>.\ 
f,'f l.•rntin~ anJ -'U-«,<Ot<n& P'"P "S'ini"ff> ., ,J..-,.·rih<d in the 
.,,,,~., >'llh•,.~nh [!~)1. truhr: [16~1. ll)·!lond onJ Zrd.how.o:r 
117.1~ R<•hrh,<u¡h p~~~ V•n -!e Vrn ond O<lb."<"q fl~~~ "'" 
<••<11,.-nt '""<' "' •otin& ""'' :,.¡, aL>d "'""";.,,-.J ¡»r.kln••• ¡, 
rto .. -n«J b¡ r,.¡,~,.,II[!~2J ar., hy l'lottll7~t 

\'cry <kflni•i•• >hklin o/ the inl<rf''''""""l '"mr•ri""n of 
utihcio• h,,,. l•:rn u .....t..,.¡,.,¡ by H>r'-Lit)i ¡ 14lJ'-I14l~ J lc .,,..., 
«>n>'ÍIIL1n¡\) lhol -.. .. ~n:~ke inlerp:r ... >R.LI u!lllly '""'~""""" all 
tbo: time .,he"""''"' mo~c ony ;lloc.LLinn ol fL'>(lufL~·• '" LhO>< 
tn .. nom ..-. fc..-1 1hc all<><>li<>n .. ,u do lhe """' ,,,.¡ Th< 
pto'><rirtioa :>¡;ÚI\>1 .... .¡, ~p.;lfÍ>OtU" <m< oC'"~ l.cf rnlri<­
tioot> • hio:h load ki Lhe .Nrow ÍLnJ»'>»bil<tY tl>oo«m B) u>Ín¡ 
<of~Ln>l uLiliLÍ<> >u<h lhat Jt l>c:.·on><> p<»>iblc lo J<t<nnin< 
p<d<tcTLL'<> IU!LOILI ullllly diflci'L'n.:•·• C• <. "h.:thet L<l 8) ._ L<Cb) > 

· •C ht - •C<)l. aa./ lnl<tp<.'t>t'nol <Pmp.:m""" ,>f ut>lllK'>. 1/at>.ln}i 
oh~"' tlut ""'"',-. imf'<">ibiLt¡· th«>r,·m 1-<rulll<'> o P""'b,lity 
tho:<>tCm. n,;, i> o m•J•'>f po1n1 '" rhal i1 i• ,, . ...,,_.¡:¡· ""' J»"'-'blc · 
lur o I'""P to <'P«» mo:onin¡M· Ll>n>Ítiv< O<J~n>l prdcrcncn · 
¡..,. tlucc"'"""' ol!<'!ll.lti•<> <un th<>u¡h oll índi•iJu>l• im lhe 
¡r<>up h»< ind" iJo~ll~ 11'1<:11\Ín¡lul ttOn<ili>< ordinJJ P"k"·nc..-.. 

!l.lr>.lii)Í io CO<I<:<rncJ prim,.ily "ilh Otz>niL.ItiOn;LI J,-.i..,. 
!1•7J: t.o.- 10 dosi;n ><>ciol d<ei>i<'nm.:Uin¡ u<tit> "" » tu .;,,... 
mito 01uinm<nt o! vo:i>l o~~,._-.,;,,.. nr "'1"" <riLcno He '"'"'~ 
111.11 tJtionol moulny i• bo.....:l on m.uim4>tion >lf thc »<roge 
(<arJ<n>l) uuhl) 1<> <1 f<lt all indi> iduols in >OCÍ<ty. The Ulihlari.aB 
<rilcnnn is oppboJ r,,., Lo mor>! NI<> onJ cbto th<><' moc;LI t\lkl 
aro u>C'd 10 dot<·c1 ír.di>iJu>l elloice.. TI•u• ooch uulitlfÍ;>n o¡onl 

""""'"" • "'"<&1 '" •n.,Jmi•• ..,_,.,¡ utLiitY unJer '"" """"'P­
Linn lh:IL all oth:r O&<nl• "ill follo-. lh< >.Un< "'""ll'· ll;rn>ft)'> 
r.--npUu:> a pM<atiol diffl<ully [1471 •iLh Lit» p>rti<ubt 
,.,¡.,,,,,,. ti"·~• .,¡ """"luv '" ''"' ,, l< "1"" '" ,¡,.,,,._.,,,., 
1"'1"«>1 abo>•'> 0> ~ cll >,• lh< """'"'""' probl<<ns O>><'L'LOI>J "'<lt 
infoomotioa IICQUÍoi!ion and anal},;, in a U!¡< <'<ntr>l<ted oy>­
tem. 11< po¡il> • doll<rencc bc1~<'<a <tiO!'o.l t>ll<><lal•t) ond pmc­
th<on:t« r;oLion>llly. JI< •r&u<s thc un3'oid•bl< u>< o/ int<lp<:t­
>Onol car~in>l ucillty ccmp>ri>OLU io morol mioaJJuy onJ 1he 
inoJlllU.ibility ol sudt coom¡>;.ri""" io pm< thco<y. ~h><b <>1 
lht...,)i's oflom <<>r>C<m ,...,. •ituoti.oLU [l46J in "hicb out· 
,um<> d"l"nd on muluol in\cta<cioLU bct••"'• nwr>lly to\iMal 
indL> idu.ol>. .,,h >Lt<mpnn¡ 10 beuor th:is o~n inl<t<<l-'- 11'< ,..,¡¡ 
not onempt' lo c.plorr btn lbt '"'Y iml«<>tinc •ub¡ccto ol 
bar¡>Ínin¡. ton~L<l, rc><>lulion, and no:¡oti•tion and thc ""' o/ 
'l'"'"" lo>r plonnin¡ ond deci>i"" >upport to lb<>< rnJo [!1 ~ [4l~ 
[269~ 

llat>on)'i'o <oncrpt ol utihtari:utit."' lw o.-c»imclly bttn 
crnociz<d /0<' molin¡ inadcqual< proviolon /oc cqu,ly, "' cquiva· 
kn!ly loe ..,.;al 'roup «¡uahty. Jnhn R.,.-1>. o pholo><>phet, hu 
pr<><nted a lhcory of ju1tioc [l91J ~hicb in.-..1>., a diflot<ncc 
principie io -..bid! dr<i>Í""' &<e modo undtr une<tt>Ínl) totbcr 
th;n und<r tiol. Thi> dille«n<< prin<ipl< od•oc•L<• ><"k<Uon of 
~,. oltcmoli'< clloicc .. hirb ¡, the bnt for the "'""' ofl <to:<nbcr 
o! >O<iety ond io. therd.,, lhe ditrcL >OCio! :u»lu& of tbt 
mnJmum principie for lh< prdolecn el ÍII<Ji\1~ual d«:L>ion• und<r 
<•·11;lln1y Ro•·b u ... 1 -,..il ol i¡noronce" <OL>L~pl in "hi<h 
in.li•·iduab m"" Wtcrmlnc: equitoble datnbut>oo ni .,-,.,.li<>' 
f<>Outcn btf"'< the)' UooiLo tt.:ir P<"-ÍIÍOD in ""-'i<ly Jl11 at&U· 
'"""t ¡, ,...,ntiolly thot peaple .. ;n ><l«:t 1 ""'"'•• ,n'"'"""" 
rul~ thot ono.>.imi•··•lhc utility <>1 ch.: "'~"·"lf m<mb.·r <>1 "'"'"'~­
u,..,..,;, ol"""" of !he potrnti>l d•ff>o:u!tin "'"~;,,-.! ~ith 
Ro.,b' -,.,;ol ""'"""'- ju>lin thro<)·"" p<•...,nt<d b) l;:lbw<>ttlt 
onJ Oouthi<t [IU~ 

0Lhrr ~~><:lul int,•rp«t'-tiocu oC corJinol uuhoy and '""'l"''' 
><>n..J utilil) cump~,;.,,. tu,-. 1>.-.::n m..Jc by K«R<') onJ 
lo,i•l.~·->.1 j!9-ll•nd K«L><')' [I~SJ Th<u ""'""" .~n .. ~ dc«l"f'" 
m.·,u n/ '- nw\tiphc,.i•·• voup uulity /ul\>1~'" m"'""-'-'''" thc 
oJJ11i•< uuh<y lun<tioa o1 Jl.u..,p. h U P"'>•hk tn """" 
J¡,.·<tly dul ""b equi1y ro"'"''""'""' in o mulurt,, '""' ~""'P 
ul•hLY m<Jd,·llh>n in on odJiuvo mf<Jd. 1'•!"'" b) ll.<.hh. u ... ~. 
ond K•·•""l' POII•·•onl.-.in iru;"'tfal Jj_"'""'~"' """""""'~ '""'r 
anJ ifkl>>idiiOI UIÍ\111 .. of > muhi>lll>but< ftJIU" U!,l> O>><l 
Sni~rr poi[ ftlumote ....- ol mult .. uuhu« u11l11y o~<-..1<1> on 
n<&utiolions. 

w, otO ¡»tlio,btl) intnnt<d. he«. in J,-.,.,~ius d.-.·i·i·•~· 

n»lin¡ offort> in bic-ro"birol "'~""";''"' J!>l]. fhi, i<•J• 
nOiurally te a 11uJy <1l inlomwi"n pr<>:<>•in¡ in"'~"'""'"'"' 
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and • d<>eriptioa of bo,.. cloci•ionm>kcn ""'Y d<l<nnint iofonn>· 
tion ....-.h. Wbilo 1hct< huo ~a"""*"'' el "udia ol t•cup 
decisl<IAinakin¡ rolo-o and or¡oniz.otionol beh.-;cr IJS7J.Il71l~ our 
dloru ...;n be l>a>N primanly en lllooo el Vroom aod Vou011 
[l<J.41ar>d llubcr [1M~ 

llubcr. Vroom. ond Youmo ¡,,,.. indK'aL<d t 11umlx< o/ po­
l<nliol •<h'onla&OS .,d di>od•anLo¡eo 10 &<Oup r.,-Lidp>LLon in 
drci>ionm>kin¡. Sincc • pcup !u> mcr< infnmuLion ond kno•l· 
Ñ&O pCII<IILiaJiy ., .. l.l.blc lO illh., ""J Índl'idu•] jo Lh< ¡lao.p, 
iL .~ould bo <&J"'biC of malin¡a beuor docisioo lhao an iodi.;d. 
uol. Group drci""'ru lf< ohon mo<c <O>Íly impl<mo:nL<d llwl 
indhidual do<i>iocu sir.o:T p.ruciJ"'LiOII .,ill ..,.,.,al]! in<'re,.. 
dcasi<ul acrtplanc< u "di .. und<rsl>ndonl or Lh< dtd>Íon. 
Abe ¡roup p..-ikipOLioa in<ro"od lh< olilb >nd ioformoliM thol 

· .... nobt<> m.oy R<«< in m.:LiL. i"f, fUILIIC ot¡>niz.o1>oo..J dn:Woru.. 0n 
tht Olhtr lund Lixft >« di .... d•UU&<I U> &'""filo. TII<J NIL>Umt 
mor~ Lime in d<ei>i~ntluking Lhon ondi1 idu.Ll>. Tioc do..·i,inLI> ""~ 
ncllull)' •uppon hit,l>.•r or'>nizoLi""al '<>.11~ GIL'<Lp p..-li<iJ'o11ÍO<L 
may lo>d oo UO«aii>Lic >nlocipooioru ol in•ol><...,nL in fuLur< 
drci>ion. and '""'"'"'""' ~~~••d• '"~"'·qwnl ind\\idu>l drci· 
oiom; i~ -..hkh lhcy h»< noL p>nioip.ll<d. l'il\olly. Lhc-ro Í> no 
,u..-anL,-., lh•l lhc P•"'r "''11 '""''"'"'en> d<ci.ion ah<m>Li .... 

llullot &oh /""' pnm~L) """"'""' Lb< o11>nn lo ~hi,·h 
cl"<rnoin< ¡uidotinco lor ,..-]mion of • p>Uooul.u f<>1n> nf &mur 
d«i•i<•nm>ki"' Tht ddLo >h.lfL of 1'"•&- ~O i.n.lH:oLL<> 11. ... 111< 
"''P"""" Lo Lhcoc ,.,..,; ... , drl<mLÍ""' on >pph>pri:nc lurm nf 
t'""l' J<Oi•inn=lin&. n,.,,. ... • "''"'h" ~~ oub;'od••f)' qu<>­
Lion• 1 OI>L:Ofnrd ...;,¡, r_..h o/ 111< príno!-<Y ljLIL">L"'ru.. for tUIUp)o, 

' 
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WC' m.oy d<Ltnnint ,.·bclhcr or nol 10 invol•·< olhon by ¡><osin¡ 
qL>C>tiom in•ol•int dcci!,;cn q..u;ly. un.cknoandin¡. and,•«rp­
WI<:C, porwnL><l dtv<loprnnn, and n:louon>!Op.o, ...,d, Lime 
rcquirod 1 

V«><>m ond V tu"" bo,.. bc<'n mudl <onncrn<d "ith k•d<r>hip 
lJ>d d«i>ionm.Uin& 1394]. Thoir rmnaty rofiC('fD i> "''iLh <lf<.:Li•< 
docioi<>fl behol'iors. They dc,..lop a numb<r n/ okul) ort«ul>t<d 
norm;UÍ>< mod<h of lc>dcnhi¡> 01)'1< ¡., ind,."id~ and ''""P 
da:i..ioru. Thc>c >hculd b< of U>C 10 1IICW" auompLin¡ Lo >lfU<Lur< 
norm:oliv< or pre>aiplh't rnccldo of Lb< lcad<n.hip Jlyh; ponion 
of drci>ion >ÍLu.llicN "h.i<h <Ut <OJ"'blc ol optr•Lional implomcn· 
taLiOII.. W< .. -ill o>ol iUu>~<aLC ~ b<n sir><< lhcy n«nLiolly 
invol..., ¡cn<ralil:~ti<>no of Fi¡; 10. 11 il lht •PP"-'<R1 '".:1 of 
Vr<><>Jn o.nd V<non lo mQ\"C bcyond ¡=rol<h<> such ~~ lhc 
loadmhip >~ylc tb<ory X·d><nry Y [lll~"[l~¡~ Th<y do>Írc lo 
'""" 10 uip• .,¡,h 1nd ••pliriLly ~>< k>dcrohip bch .. -iot and 
•iLu.ninnol •·ori•bl<> 10 cnhon<< mprW•ti~nol dlccli""""· 

Mucb al ""' di.........,., ;., Ibis K"<Linn tw c<>n«rll<'d Lht 
..,..lualioA cnmpoR<al of •·••iouo do<i,¡,.,ln.:lo.inJ fr:un.:~•" •• >iHI 
or¡>nil:OLionol ..,llings. Eflccli>e pl=nin& onJ dc.-i>i~n >UPf><'<l ¡, 
b"""d noL only u¡><on o.oiLL.IIion.. bu< "1""" informoLI<>tL ••'\"¡,;. 
<ion >nd p<r><e>.>Í"I 1> "<11. Wc h•,.. ~nlp]l:l><ud tiLi> m our 
di>CLL»ÍOn> Lhu> fu in "'""al indi.;duol mfo>fRL>Lion P'"'""'"' 
bch••·iOL:, bu! hn< noL y<l r,i••on c•phtit «>nliJ,·woon lo inf•>r· 
""''"'" pro.:oWnJ b<h••.¡., in Ofpi>LL>Liocu_ 

Kccn [l~ll ... no~I<J~c• lcur "'""" of inaLi• rdJLÍ•< Le 
O<f,ILni:uLi<>nol informoi'LUn 1)'>1<1111 llc ir><!i,·>IC\ llool inr,.om>• 
tion io nnly 1 •mall <;Ompot><nl, hunun infom,.Lion pn•:c .. in' 11 



.•>><u ''''"!'1 '"'"'~''" """"'"""1"! dn .. u! JO .{)u>qJ r-•rued» 

.,.. "''J pnu >ql f'U" ''1"'"" ><¡1 1" <QU¡n¡xn l¡.>1~ ><¡1 1" 
""'·'1 '" 0\~"'!'·'P '11"''"" W>>< p¡n<>~ 111 """'·'S"! I'"'""'!P 
< r"l". "~"''-JO '""'"' <¡ '"'""""'Jd "'-''"'"'"'JU! >ql-(4 1'-'''"·"'UU! 
:»0 '-'N""<"> ó '"~·'""J ... H]rul.k>JU! "'-"!1 ... "{ -'11!1<11.>1.>¡> O J. 
··''"!'·'" ·'14'""'·'P • ou.-...>Jd:» PI"'-'~ "''"'''!"d'o (q1ur"-'"''" 
••~.>«U>•1Jur '·"''"U"! 4'!4• "1'1•!1•• 1>41<> 1" ""!l~J"U-'f'l 

.,...., ,, "" ! 
'! P·"l'f'>"" m/pu~ p.>{<pp tu!"<!,,_,~...,, >41 JO ~''l''l"'~"J >41 
u"p ¡>>U>ro<uun ''"''""' • lu>.J'<I>" ¡o Ól~!<l<q..>ol lql ""'"-'''1' 01 
I<J;.JJrq iur4•·'"'''"' 1' 1<41 ""!1"'"'"" '"{1 "' "•1" \¡dwr< "'"'!' JO '"'1~ "1·'<1"11 1" 1"'• .<quu-..-.,u '!41 U! P·""'-"'P >"" <J><<l<u¡ 
-"-'JO J,>JU! 01 '1'1"""-' <1 IJ 'Ufnuo:>l ¡u ""!l""""""m 1"'0 "W!I 
·•><J•I""" ·••I·'P ·tu. 1no.r 1" "~!!'qoqo1d "'!' pu-o '"!"=.>d uor1 
·O«IIUJU' 10U<1!10llu•l>o 411~ p;>IO"""ft' ""!'!"""·' "'!1 JU <1:-.,dw¡ 
><¡1 ¡o U<'!I<I>Jdo ""! ~ <lu.M>><I 11 'I'FJ. ,.,._,nururu><>< >1n<>w 
411" J"OJ j>U<" "UO!JO>!J'f'OW >tO<t>IU f"UY!I"!UOfiO 41!~ 141!> 
"''i"''·"" "! Á<pp 4~'"' 1'-'1"!-'0'>"' "" •uor•!«'<<o•d =u "'-'1'1 
-•~•· ><"'1> 4'\" !'-'>•!"""" pvo JUIJ!IU>Pr >Jo'lurono.r ''""""' 01 
'·'""1·" <IIO<l!"KIOJd •!S ~<n:IW JO tuunot "'!1 q>!" p>!«-"">< 
<>!'!"""' '" "'J!IU-'P! IILil J><¡n¡¡ u:«.,.,. 1" ~nu.,llllrnf 
P"" ut•ouur JO 1unno• "fl>-'lpf PJ~tw {~¡ 1u¡n>:>o.>d 
110!10\UIOJU! J"UO!IOl!uttiO """"!>fJp ~<III~Ul 01 UOJJ> U. U[ 

'D2u04> IOIO>WU<>J<•o> 1(1!-" PJI""""" >q lll--m¡l <1""" 
..;u!nb.>J fu~td »>!IOIWOJU! p;1uonp "'11 I»W 01 
>Ulll 1'-'0 UJnJ>IU" JOW'IUO Jl>o¡l ldtpo 01 {l~tq< J<>ql 

-'" ru""•P ""' <~!"" l"""!'•m<r'l"' JO «>~>><r>»JI3 'ld:l 
T>w>IJll! ~lptdU fu!"""'-'d uun 

•ttl1JOJD! r1n1 <IU>W>r,ni>.'l 'iY!fUXHd UOIIO"""JI!! 0».~1 
-;q ~'1<11> ""' n <><~~>'"'! mw..n»JJ> l•""!•nruri•o =t~:l 

-,n~>nm uoru:--z•uof>a 1" UO!"'""J • .. úu• 
0\" \lur«>.XHd 0"!1<\WUJUI U! "!l~!qed~ J>U'O D!lr-x-.IOJ :¡~_,¡ 

-~1!11'1 

-rdr.• '"!'<>'"-'Jd "''!'""'JOJ"! ll=>J>U! puo UOIImWOJ"! 
m¡ 1'-'-"' ><¡1 <:>op '-"1' "'"''"'""!:¡<JI P<"' ''"!"'»Un...,. =ld~ 

-qqo~u l'~ 1''" ~'""'' ·J>>Un U! .{)o, <I!'Jn<¡nt }!><J> pu--o "'O!IO'!"tll<r JO <lf'IJ. :1d,1 

11"!--""lJOI "'!1 16ttl •rnpur 
tuou"o~o.ld J"I""""P""I >=u ,.,,,.,., 11u!"">OJd "'"'""""1"! 
Ut "' UO!l"l<uofJO UO JO l>p.l<ll O JO ~~-~ "'11 ()} .>]Oj>J 

~"!4" P11'0N P... "'""'4"'J. ~q p><l<•l><>p n>On!Wdo•d 1"""'" 
-opun¡ ¡o '"'~"'"" o ,,. ""U -n>o11ot•uo~10 "' 'iu><....,ld uon 
·fWk>JU! JO <1.'-><1<0 rn<IJI"' iu<l»tJ>.r "<'"'110 JO..,....,, "'11 I>Odn 
pu• ~,.,., "·"" Jl.'tl(l u~· ;.-.q '<uo)H<<><Ic>Jd ¡o '><i'""" • p><lo 
·J>·'-'P >'•q I6H 1 "IP•N r• • uoun¡<nJ. pu• huHoul '-"1"11 

i ~IJ'OJ 
~''""·'''~-''" 1>11•~<d v "! P>'lf!ldww~ ;q l<nW ,,.,., "''41 
"<r>'t'>uun!">lP >1~!11"'" ~q ><n l""'l JU """XIII P"V ""'!ltJIR"'l 
rtu<>ilrJ><l<> "~'"""" ~'!"'"IP JO ~'"!'" o 1"""' "'11 U! <JJ1cw 
-umm>P p>Juouod~J .(unou"""""'"' i>oddrti "~' ""·''''' 
u~oi.=nuo¡uo ¡o ·,..n P'" "'!"P w~·-~ "'U ~l{t""''l 1•""!1 
·tuda I<IUJOJ JO"'" 1<"!1!UI •»<l'>¡p ~)IJJ<I><l<:N! q>!q'" U! <IU,>oU 
·UIU,..U) ><<><11 U! <l<]<U<>>q JOUU!I01>00 >1>1 . ...._, >I0~00Jd~r "'" 
1"'" ,d,p< 01 >tdu.•.l ."!'""-~1>-'!I»JJ' uu rn¡> '"'"'" 111~oow 
·JOJU! ¡n u1~>p W • ""'-' Á>llJ. "D<>Ir>l"'><bp II'IU:oU>Uoli!'UJ·:JIIHI 
.,.,.rl, '""'" ~~!~ ·w>><i< ""!"'"'"'J"! ¡u""'"""='""-' ~"'U 
"<)U.lUIUOJ!'"' JO''"""'-,_¡, JO!Iv..»Ud JO ll"!J"' O "'! ~I»!~"'IJ> 
I!OW ~-"" ><¡ Ut > 1! ><~1 q>n< p>iu"""'d ~ "p>idoJ'J'lo 'p.-.ml< 
'I"L(¡o:uo 'P»!nb.,. ><1 PIRU'f' ""!I<W.IUJU! '!'1' -pul! >lq'l"'·'" 
>q l'l""'f' ~'ltJ'" tk~IOUI.IUJU! JO .>d{] "'11 lUDIO> >:><IJ. "IU-"'JI><l 
"' lJ'l' puo ,.~touuor<!»P >1(1 JOJ '""!"""'! >ltUih>Jddo tu¡ 
·W»<riiJ <U<>II<>nb <>1 >JOP• ><>llJ. ·•w>l•.\t l>D<idn< tuor;o IU>W 
fpnf J>U" lm«>"-'>d UOII«U.IUJUI JO u1!'Jp "'JJ 0(1!" PJI<'-""'" 
·'" ••~• l'"t<"" "'l ~~ '·'"'"! puo •r»u "l'l'l'!'w"J ,. "'·''ll 

'(IU!'Ul>Un >'~"U! ci(IIUJ>qUI ">A>j.>J>ql 
·ru• om1n¡ ,.., ¡o .,.,....,,,J ""'l"""q -•n•.-..d\o.,.. ..._..,~'-'P pu• 
""'""~pnl '-'"!' AlJro.>.>ol>J 't>IJ<~n;~ I<"IU>OujJ"'I puo tu«<>-'«Jd 
""!"'""'J"! lll<Xl¡<> "'" >ql "' "p>IOU """' .... -~ ... _ .. 11"!4• 

~,,.,.1'<. 1"1'"'1'< • "-'l<>r> "'l" ·•vw -<N•uu¡no"' ""-' , • 
uo\(1 "''"' JY f'>>u><l "'"'O'" >lt.','!·'-'P P·'l'"'·"'"" puo <IU.>no~¡ o· 
JJOW J~t·ou llf"·'!d (¡ l<nw "·'1<1' '101<1,'-'P 1ri¡o u<¡ >ljl <t <IU.'h ,; 

IJUd</n< 1''""""''"" ru¡ ""-~"-"!"·'·" J'Ur '1'"-"' ""'"P 1i-41 '"•·'-' 
---11"' ~uruo >ql 'iU<"-"V <>!lll!qr,:,.,, P"!'•'P >•-•ql qp, P·''"'''''"'" 
>--"'-'l"'><l>p 1<"'-'11"'!""''" uo l'"o ""'11•>><·•1< • '! >1><¡1 ijr<>1J 

-~•-" •-•!>~..J4o< 'll""'""' puo ·'"'"!4"'{' r 1<! "'1'·'~'" u"" 
""""J Ul "l'noqo !"""""'·"-¡"·'"'"'"'¡o-'''" >•!''-'JI' puo 
,,~ud.ud,Jr '""'l" ,....,,,,_¡, > """""~A ·"""-l' J"'l< '~''~'~' 1'"""11 
... m 1''"'"1 "'" "' P·'·'u "'!'· "''1"'""'''""r s""''"V ~~ 

""'-'"''"'"~"ji • u o >I<Ud<>rddo 
''""" .. ""!l!u'lu> ~~ -"~'" ,_:,_,,...;,, "'.I"""';J • ···'41-"-1" 
JO UII!IIOU~UJ.Wp '"{1 "! '•'14«WJ )UJ) .. "'11 >ll "'iU!I'!"Y e¿ 

-.. ~1< "'~·"'"'" ¡t"WJ»U 'P1""'""!'~"'1' < 1'-' <UOO>IIJ!>> 
11'>""'" SO <liUU>IIUmU> J<II'~IO>>Iiol U"\1 JO) >l<!"fOJ<Ir/o 
"'!l<!'ft><J J"IU>mipor JU Ái>!>"' ~ JO »n >ql U! ""!"!"V N 

... ,,,.,lO\ p.>1n4u''!P :>¡dn1nw w"'l 
<><!-> \OdJ;tt"IWOJU! ¡o ""!lof>.r":I"Jt J>doJd ,>q¡ Ul 1UII<r"">V e~ 

"<>!1"'"'4 I•IU-~u~pol JO<><l puo 
"""!<¡1U""-"''d uo~"'-""'JUI JU ""'-'"P!'"O >lll U! full<!"Y (t 
~d II(S'""'Jl I"U<»I<ndu >P'"""' ''1"'"' 1<41 U~!l>< 
}O O:)SJOIJ.I p<l1 tUO[d ""!IOIJJOJ(r ¡<> UO!l'nlt" U! fu"""V (( 

"<Uo!:<'lll!f f'UO .. <IJdo )PJ""-'> 
01 <110!]00]!' lt\10\IOJ;do (MUIOJ JU l>J,U<JI '"{1 U! IU!l<"<y (Z 

'l><tJ>oJd 11{fll01fllrUO!I<"J.>oJu 1"' >KIJ >-'I~>U! 10~1 UOIIOO 1" 
.,...,~ 1""' IUIId '·'!lt\IJ>IIf JO •"!IOC>IOIJ >ljl U! IUI)t~IV (J 

11ur""ll"l >q> J<• >lq•do> >q '"""""'d P'"'"""' 
>q1 pul! "wood• ~!"'1' ÁJ>IOJI<'•uddo ~ 1<4'->l<t•mop " 11 

• '-""'Uodn•r •oroou 
JO >UlO>.•q >Jnl>ru!< 1""1 (w.'~"'"'·'' >41 puo ">W!I u! pUl: >.'td< 
111 IJO!lof.>.n. ""!I<IUJUjUI 'uo<l ''1·" 11<1!1<-IUr<>JU! ¡o <UO!I<.'tlfl 
<n'IJ. ":>Ur!l >!OJido>ddo '""" "'11 1" UO!lOIIIK>JU! >IOJidoJddr '""" 
>1(1 41!" WJI<'' "'11 JO mn ~-'"' >P!·'"'d Ul I~JO "! 1u!''"-"-"d 
11<ltiO!UlOJUI :>.1!1:1-:>(>< »Ul:l{ll> 01 .'Jnl,..lltj~Jt 1JJ>11ÁS tiO~OUUUJU! 
>IO!JdCJddo JO »!<l<p ¡>IIP 1<"11"'1· < j<l 10~1 <! <U<>IÜ< UO! II'""''JIII 
... ~~/j> JO U1!<>P ><11 Ul ~·n II"JIY» O \lou>nb><UU.) ·~1(11 
tu¡•~J<I U<>ll<WJ<>JU! ""!u"-'> '''"""U"! 11•~ •<>11< pu~ ·¡uri'J 
IIU!Itnor< lriU."-'<UYJIIUJ 0~1 1p1.~ <.'JUOU.>d,IO 'UOIIO>!IYIU 'UPII 
·•>np> uo <O>tl.lO>JJ<P "J>I)Un:l P.'l'!l'ln J'U•'p;>llulo; \¡>•!>>lJJ> 
>q Jt!·"l! 1041 >do"! "'11 11! '·'10<11<:,)1\).\.'¡> 4-"'•' <>1 U0!10<U.I<1J«< ]Ur> 

""1"' 11" .!¡ddn< "' .>t<t••r<>run .\¡: '"'! ><q><l "·''1" puo 'W'"·"h"! 
.(Jir>!<-(o¡d ><¡ 111~ 1! •uouorr< ~~ "PJ'U ""'IOIIUOJU! IU>r~JJ<P 
··~ <ll'f"WUO~!J"P ]UOr>JJ'P ~""' JW!l puc J.>rd< Ul ~1>>110-'J" 
p>4"1douo_,, ><¡ 1'"'" '!'ll "JCU!I •! puc """' "' q1u4 r-'1n4"'"P 
>q U>) JO "»u:>nluii>O-' r <t "J<nW ll\J<)CJ>Id'-'lul puo UU!lOMir '-' 
¡>110 "f!'(lru• "1JO!I!'!n00. ""!10\UJOJU! p>IC!"'-"'V ~-;~""'!' IU~I 
•.0 UU!Itnlé" J")U>IUUU'!\Ul ,l~l pUO ""-'""' U0!10Wl<1JUI "'-'U <T 

"""'!1 U! ptr< :<r~~""!'!>"P J<> .üpr~l>ltJ o'"''"" •_.,cd• u o p>!cu 
·rpJ<>O> r•• P""-"'11' "'1 ''"'" <,wn<».u "1'1'"1'"'" ''""''!''·'JI·' 
puo .(.)uor"'JI' .,.~,., OJ. '""!1•»P\'""~ '·'P"" """' '-'·'JJ" 
1"!1 '""!1""'11" ""'""''" turu""""'-' """"·'!I»JJ> pu• .,u>!" ¡p 
fU!'f"'"""l>"'''P po• "l"""'rnf urwn4 >:>uoqu> Ul ., <J>n< ""'" 
w>J<.(t <>1 ""!'""""J"! >ltrn.'>• 1"-'" "11«'-'1·" "(t>W!I >powJ<l 
01 '! U<>ddm ""!'!>"!' 1"-'• 'luouuo¡J •~1 '"""''JO ><udmd ·''ll 

1~01') ~-'·'P·'Z ruc 'I•JOrl u¡'Ju ,\\ "!01!() "! "-'·'!) 
puc "'nnJ. 16L() ''IP"N pu• """'4'" l 1(<11'1 <l.rr'lJ. J>UO uo1!r J. 
"j¡H) W<-"1~\N J>U0 1-"'G>•>S 1;:tfl '"~"'S "lh~() ·¡n » .(o~""'~S 
1~9ZI .(11!011.0 Ü" 1·1>«1 '" "'1 '1 >1 ;:1 '!"·'' 1 pu• ~q4q "1(611 
U»)J 11Lll-!6?iJ "'<J"II 1~qll U~W~·~'U pu< UH•UH ¡~¡:JI 
;¡'nn~ fJUO U< ..... '!) 1011) >n'IOJ<I$ pu• l»:J -~~~~ 11"4>1>N puc 
ll><r:J ilfl:J UUJtg JU 1\11'• '"{1 >JO tU<11101•uoil" Ul ~U«<l""Jd 
1JO!II'"'"'I"! 111!"'>--""->l ~1'<11< ''"""" J<.>I.;IUI '"1"-:,!IIOd JO 

..,.,,r,.uc1Jo li<J p:><>-"•-"d 
'1 UO!lOIIII<lJU! 4JI~" U!~ •• >ql JO ,~f'"'"',¡,l O JO ~UOilloJ<UI 
"'11 '"'""' ><><JI 1'-' 4...-:~ "'11"""""-'' ¡<n>»¡IJIU! n ,,_. IP" 
no td""rf '"1"-'!11<<1 1uu,uo '-'"''"'' 1°·'!1!(<><1 o'! •t•P 1°111 pc•v 
'1'-'1'!0-•• "'~><~ ""'""'!' ,,,., ~1\• .ú'"""''"t'·"' pu• ICIU,.U"->UI 
f! ;l"tll<1p f'U"!!""""">U '""!l.,J![</W\' UU U~>l ¡ou. 11'\IU>JI.od•> 

1._1 "''" '"'" -~ "" "11"-..,.,. "Uir '"',.u_. """ .,.,,,.., oJO ,,.M,,..,...., na 
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• • 

• 0 

• 0 

e • • 

0 • 

0 • 

• • 

• e • 

+ ..... , ... , -·" '"" •• (o>9 

•. '""'"""" '"'"" "'" •• ("•1 
e '""'"" ,_ .. , ... ·-·" 
e ........ ·~···"•• - .. . 

>¡>par> 10 h•"< br<n cnly limllrd '""'" <'buined in lh< oro• o/ 
«'!;nili"' inlcimation p.-ocnoin' ¡,;.,... aad ""' al inlcrico- hr'o<ris--
1;.. "" '"" pan o/ '"'"ps. Thu• ....,ny r>l tbr .,.,. di~ in 
&coion, lll ond IV '""'"d bc: r>lrndc.l 10 ''""~'' 

T..,P<ci>l1) ""''''"'flhv <""''<rnint "''""' thal ha•< he,.,. cl>­
l•i•><d in lhl> •«• ""' o he '""'Pd.,nk >ludies ol Jonio •nd M>nn 
1171] Gl'OUpohink is a colln:ti\0 ~11rm o/ ddrn.,¡.., '"~d>oct, ~ 
'"""''"'OCC->"'k'n& lcnJ.:ncy o/ h;thtv color~•< gruup>- Wl><n 
Pr>uplhink '"'"""· ¡><oplr dc'•rlop raoi .. n>liuti•m• t~> surpon 
••·h-oi•rl)' p<r<<Í> <d •llu_oions <>< ",,)1/ul thinLin& •"""'• i"= 31 

'lll >nJ l)'pi••l!)' ponidpal< <r>lk<ll•~·l~· ia d"ü'f"'"'"' o/ a 
-<n>he »oid>oct p.Jll<rn. ln ~oopol.,nl a ''"'-'P <..-.lhti•-rlJ 

.,)1, •iuim In onr •~ lll<>l< o/ 111< «•¡;nioi•o bo'-><> dc>eroi•<J in 
!..vuon m. ,. 

Amon¡ tllC cnn<lioimu ~hirh k:id 1h ¡roupobiol, 31< hip 
"oto.,.;......., Ín>ulaliun, loo.'\ o/""" ol •J~I<~ 1''"'-""Jur<> /cr ¡· -, 

T 
[~.·.,. .. 1 ' 

........ 
l~·o.-J t ' 

""''"" d .......... 
F.,_ 11. A f'<"..bl< .,......,....,"" ,.¡""""""" P""'"''·"& b:o.,,d u¡oon ol>e ,¡, rlo•mtnl>ol lo¡irol ""'""in& 

onn:h and •l'l'r.ili:d, hi&lly dirmi~ lrod<t>hip. 3Jkl > c<m· 
~ng<n<y IW •itu31i<>n .. tu:h lt;od> lo high "'"" /\"'""' rhe 
l)mprooll> o/ fJ<>Uprhin~ ~by J>ni• and Monn 1'771 ,,. •n 
mu.ion ol in<ulncro~ilor.v, o;lkcti~ talionalouti<>n. !>.lid in, •. 
bc:<Onl y.-...p mooo.h1y, '"'"~"' P"'>'W< >&:Un>t d;,.,.,ntin¡ '~-.. 
.. u.crn.<Oilhip. m.,;...,, o1 t!UilÍmi<y. :tnd """'""" ~ oo !ohicld 
lh< P""P lrom dil<un/ornint in/~rmoli<>n- Thry cite 1 bot< 
numbor o/ ,._,. >!udoco imo!o-in& ¡.wuplhink; ""'' ~lwoc on-­
<rrm<nl>l;.m o¡od bur<>l>mlir po~Ua "'<"r< lh< domin>nt dc­
.,;.;omnilin¡ ¡,..,...,,ott f!;oic..'tty odop1od. Nino ptn.:•iption• 
uc o//rrod 10 a.<>id J.l<'ll¡>lh..">l. ' 

1) Tht &•oup loodmhip w.O\J bc: IIOnt.ommimd 10 pl!licular 
altrmati•e <out"'> ol ar\ÍO<I. 

l) Thc t""'P kod<t <hoWJ <11<0<1<1&< crilkll <> >lll.lli~n­
l) "Dn-il'1 &d•-<'<'>t<>" .,,._oiJ bc: induJO<! in 1bc: r.<•"'P· 
4) Subgroup• >hoold bc: bmrd, oJI,,•·od lo lunroion •nd.;po.·n· 

dently, ol>d th<n ,... •ith <>ll><:r •~"'"'"1" m ••prr>> 
¡entuttd WlcOJ lfld n:><>l~ dilfrr~= 

S) A 'lri<ly o/ >1o<111.l!M ...,,ar;.,. o/ poi<nual oppononu 
inltnli""> >bould bt dooc!opod 

6) S..ool>d-opinion ,.,..¡io¡> •hould be bold 1<> olio"' lull ••· 
pr<ui<m of Lnuhl> &nol rcthinlin& ol tJ,o ;,.ue . 

7) l'..pcm -..-ioh oppo<ilt •i<-..p(>inu lo th< nujori1y •·i<>o st..xJld 
be <IICC>orotrd oo p<e>al cb.lllcn¡in¡ ,;...-.. 

1) A wn.iil "poloC)·" I'OibV""'P >bould al"a)~ di.cuu >u~¡roup 
dd•bctoli<m wioh lbe l.ar¡rr ¡roup 10 ""'"'PI 10 obllUU 
di><ontirmint lcro!l»d. 

9) Jndcpcrodnu poli<y plmnin¡ and naluatioa V""V' >llould 
be fO<m<d. 

Tioc >UU<>tion• of/orcJ;, s.:i:lion U! lo a.-oid c~¡nioi"< hi:.. ¿nd 
10 orndiorate lh< elforu o1 tho.< eh•• do "'-"" appcu <•¡»hit o/ 
opplicotion to J.IOIIps as un n 10 indH0dl13)>. f:.>pl;c;, >h>oly of 
¡roup and "''""'"''ion.>] bi>:> th.:ol ~.-..Id o:muplim.:no anol u10nd 
o,-J>tin¡ •tudin 116~ 11'11. [129~ 1!}}1. 117.1~ [H7~ 127~¡ . .¡:1191. 
[lHO~ 1381]. [l90~ [l91~ [3941 of J.IOUp and or~oniz•llonal <l<· 
d>iomrnakin¡ shculd yicld r<:~ulti th 01 ;u-e v:.luabk lor tbc: dtoi¡a 
o/ pbnnin¡ and <kri>il• SUf'POI'l >Y"""" 

A major dilf..,.hy in """i~'" infomution pt•oc<"l.l.in& """""lo 
be lailuro 1<> idrn<il¡· aocl "-'< an apploprioo~ """lUlO lh>l •"""~ 
oppmpri>lt ... i,hoin& o1 .,¡,,..n-,..J •l•f•- In" •li&>'~'" nf ohe 
tfk,·o• ol .,,¡,, "'"'1"'od·ónfomo>IÍ"n pt<'l<n•in"olro:''ion aid· 
in¡ ptOh><<>h. upo<> obr an¡ui>1tion, an>l)'lJ>. ond inl<r¡>«l>l~n of 
iniNniOIÍ<>n and '" ink¡o>tion .,·,lh ¡oJtmrnl and d<ci•i.•n· 
"'"~in¡ ocli\'ili<• "'~uld >rpcar to bc: • '""'""'1'<''",.... n,·,·~ on 
inlornlltion 0\'ll<m d<>ip. Theto 1ft .U ekm<·nl> f<'un~ in 
••plicit "lu,M,ntll16~ 

1) ,¡~;..., or b))K>Ib<>ci. 
l) '""'"'"O< hmd>l>•ru. oo >UPI'"" ohc ,¡ Lim•, 
l) ~~"u~u .,.- JU>IIhca<ion for 1!1< ~l<>Und' or ¡.,,nJ"Mn>. 
4) ""'-l'"• 01 obr t<n<n1 bod} of info~rm•tioo th•l Í> pon~p­

p<»C'd by thc .... , .. ~. 
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" H""LI qwlrfim or cimun•tan..""l. • 
.,...,. "lUdo •ill 11:1.-. 10 ni>! in oro 
"'~'~"'<'' lh< """llolo. 

6) f'M''I>It r<l>ulld> or rira~nur.ncn. C<. 

li<>IU •hich, il lhr¡· <>i>l; "i1l r.lul< "· 
ll>t .._,rrotiL 

.n .. r>cico, or inlric· 
.• lb< •=>Dllri>IJ . 

. ,...;n, or rnrrio­
. "''h lh< for"' nf 

A oiñ>plif>C"d bb;\ di>~m ol che- in1<r.><11· " """""'-~ ti<­
""""" io ¡ivcn in HJ- 11. lb< inf,>rnutim pr.~-...;"' ~,,niC'I,.,..," 
""''i>lin& in r.u1 o1 thc- d<ri>ionm>~<"' ,¡.,.. al f>M»bl< and 
r"•b.ohl< aclinn ''"'''"'" and 1hr "'d'""'"''" >ilu>~iM modd."' i.o 
>f'<"<'ÍfoN b¡· oko,.,nlo l-6. Ekm.:nl 2. lho ~,,.,.ou~._" e<>mpri..-. 
1hc- >Íiuauonal dolo P<fl;rinins 10 rh< "f'NOiiCin:ll rondiri<>ru 
.-10111. Th< d~im. cl..-mcnl l.;, lb<" rmpiric31 ">l<rn<nl"bkh io 
'"PI"'"<d b)" orl .. , rl.•rn.:n" in lhi> inf.,rnution ,...,..,..;nA mur· 
1ur<. T<llllnún 1h""'' lh<ou&h cumpk> lhat 1h.o oi• rkn><nl> f<>< 
l.·~iral ·"~uiLI<nl ond t<a><>nin¡ Nn be u~~:d u a rnod<l f<>r.­
'·'"~nal rco«>nin¡ in ~ numbcr ol are"' indodin¡ bw, ori<IH."', 
1b<" ..-u, m.>r»&<IDrnl. ond rthics. n.;, munum.l in/ormOiioa 
pto>«><in¡ m<>dd Í< abo wlfidonlly &1."11<131 lo ocn>n>~~>o>dol< 
.,.,l)tk->.1 !Ucrard\i•·•l inkr<r~~-.: {I~S~ {306] Tht:~ it m>)' •rll 
pro-ido~ .UlJCILII<d h>nl<"'"'k IN infoomarion proe<>~in& thal 
can t«"<llnmodal< • uriely of informotion proc...,in& >l)'k"' and 
appro.l<.hn nn¡in¡ lrom lh< pur<ly quo~l>ti>o •ncl aiiO<ti><, 10 
ru....,in¡ by anoJo&¡ "lú<-h ouy be • bl.:ncl ol qou~¡,.,;,-. oncl 
qu•nliiOii>·e, 10 q11.111lilati•dy ba><d hltorin¡ tncl d<!<e!ÍOI:I ol¡o­
nlluno. Tñio cou\d pr<>•-idc onhancod ur>Jcroundin& of 1ht im· 
plkationo of ohon<'<', cau><, and '""'~" jl5J in hurn•n infonn>lioo 
r•=..;o,_ 

U>< ola •tnr<lur<d infonnatlon prO<n>in¡ '"'""'' rnay rcd1100 
lh< tcnd<ncy for 111<'>'-'&< di>lnrt><>R duc to 11M; u:>«rbatin¡ 
'oriabl<> ¡>KSCntrd in Tobk JJJ, ptrh>po 10 a <nruidcraMr r>~<nl. 
Monolf and Maoon {2~5) ha.c p¡cJo<nlod """"' >uu,moon• <OII· 
«rn'on¡ """ of olru<-1\ll<d lo&i•·ol roa>oning 1<> «>¡><" oJth ill· 
>lrlN:tur<d policy prOOkms and 1hc ofl<n OC<Ilrri<>& diV<'VIICC 
~·t•un <>p¡>O;Sin¡, l<><noui>IÍ<><a and p<rcopt~ of wto·ocak -lnlonnation •umm;lrizoti<>n io ""'dod in infonnaliort sy>t<m• 
lor • •·ariety o/ ''""'"'- Pr<><-cdur<1 lo canden>< and "'&•ni!< 
information io1o a /orm 1hat 0011 be m:u,ged,ond U><d in an 
<lfori<nl monO>CO" arr. 11>trdon, importanL Thc '''"'"""'d in­
f,KoO>Iion proco>Sin¡, moo.lel out,tcllod bcrc rnay •<11 P'"''id< 
<>r¡.mi,_.1ion31 oupp.>r1 lm II'IC»..t.< ~urc~Olion and inlcy>lion 
lhot "'itl arcomrnodal< and cocourag< df<Ctil< in/ooma1ion •urn· 
R1,1ri1.:nion. Wo p<'!otul.ao lhat 1hi• /I>Rll'l',rul:, rna¡ >«omm<><bre 
hooh ro.-..pti.-. .VId P'""'""i' .. ot~lcr-ol rrocn•i"' and oum~· 
u1iuo nf informa"""- ti •' it .. ,1) ;loo >ccoon"'-'<~>1< I\OJI!IUJII<ri· 
<.>1 and numoncol in/'" ,;lion: •nd lhuo hopdully Cnlblc rapid 
mn~er>ion from """ . .1 1h< othor u nc<dod ,... dr>irod lar 
d.rlcrcnl oilu"liono. 

In 1IU> !.O(lipn -..·o ha•·r <<>mi~ o numb,'f of /ra"""'orko /or 
d,·,i.:.onmoklnt Om roni.-ular int<rl'>l is in '"" rk><nplioo ol 
tb...., rr,. ...... ·ork> in a "'~ rnmp>ubk "'ith •nd "'f'poo'li•~ ol !loo 
<flc~liu ,¡,-..;g,n ni >}>l<m> :md pr.._<,..> to aid JIC'UP• in plan• 
nint •nd deósionrn;olin&- Wc do>Cribe a number ol "rotion.11" 
~"" in -..hi,·h r.ro<rp> m;¡kc dccioiono ond pay f"'llklllu ~ll<n­
'"'" In inlormation ~roo.-.,.int ncrdo in t'""'P do,~-;,.;onno.akin1-
ll..; of • ,uuctuml P"'~"''~ f<r< inf<~~m>t""' f><"'-n.>Ín& in ,._,., • 
'""'lo.- rl~nmnt anJ rl<ci>ion >Upf'\>11 i> >U(,t.<>-k'\J ~a ;<n<fie 

-'"• "''''''" of ""''"'""1 ~•)• '" <kl.:<l .,J .,..,. .. , f'OI->ibk '"'-"'" 
'" < h""'' 1h.it olfr.:1 mo~; jud&mcnl _l.,.k<. .. 

lldrr.l commonts ~.·re prn>iJ,·d by ..._-.,·r~l p«>pk induJin¡ 
llr ( h,·l><a C. 1\'hrtc, 111. i\d,>llo L>&""'J>ino, Ubw Whr!<', and 
R•n¡u Rao. 

"' 

{11 (1_ "'"'"''; >M N. """ vd. "A ,.._...,.,. •rr•~ h ~· ·~· .. '"' 
prop••• pbnni..,_ • .s.,,_ s.• .. ,,~ ~•."" 7. pp 71~-7)), 
Jul,· 1•110 

[11 L"'d<lu"'R.T.II..S...._.,~-.JK fi._U...,..,.....J,""'""'h~~"' 
.,¡ ,.._, "!'PPM:.••-"' ,.,-u~'""'"""' lb.:,....,. ~· ~"'~"') r,.,,..,,. 
,;,.._-~ ;¡,__,.,, \ol ,.. pp 111- "·· 1"7! 

fll M ..,q.;, ao.l O 11>1"'- F,J,.., 1:\f'<'<"J 1 "~" J/'1""""" .-.~,~, 
Al""' ""'"""'· ''""''"'- MA; D 1!.<,1.-1 l'uhl"l"n! ("~. 1~7'> 

[4[ (; T. All"""- ¡;._,,.,_, r{ n,-..,.,. 11.•'"""- MA: louk. h"•~n. 
1~11. 

lll 5. L- Ah<l· o.-.-,...., I•.'?'"'f.'io,_; C"''"" r, .. ,~, ,..¡ ('..,. 
~ .... , O..O...o;r. R.:..:.nF- ~V.: ,-\d,joM"'- W<· ""· 1•.0 

[6) M E A..,...,'"""- 1 '"""""'· ll'•.hon~lon U C'.: ''"'"""ni· 
"'"'"'- ¡91~. 

[71 1. R. And<<><>o. c,. .. .,,_ r,.,;,.r:.., "'"'/" '"""""""'" s..n r""'""'"' CA. w. u J ,,~m.n ..... e~. 1%0 
(~{ N 11 "',.¡."""" and G 1!. Alc•>nJ«, -o-, T.-.¡ c4 rlw: 

II.><<.Pnl ll-'1"""""' ~~ lo(,,....,,..., l~r,·v•"'"'·~ C,'J'.,'" < ,.., • 
""'. \ol l. f'P Jll-ll•. l<ll. 

1•1 N. U And<r"""- "(""llnroin >l¡<hra lnl•'~'"'"" rh<·~ >ppl<<~ 1' 
...-i>l >Unburom," E.p . . ~<'<WI .-,,.lwJ. A<>drnl\r, ;.,¡ J. 1'1' 
1-101. li74_ 

¡ 10[ 

1" 1 

1121 
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Jl_l[ 

[161 

''" [181 
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N. U. ll.nd<r""" ond 1 Sh>Jorr•u. "Wul inltr<n« ~,,¡, ¡, •..• · 
-lo." .. ,.._, JoJI.•>L N . ..,._ 6. pp 11.1.1-1110. 1917, 
N lt. And<<><>n, - ...... 
n.-,.., " s..,o~ ,.,,. . 
A<•rkmic. 191! 

,.,. '" •"V'""r •\i,rbu," 1n C""f"" -
o/ost. L_ lkrl.""'''<. f.d 1'<~ Yo:l. 

N. ll AnJm<•n: "Al¡• • •k "''"in P\\<h~l~~<>l m<.UUI<m<»l."" 
A"""'· .'ir"'"'"· •ol. 6~. ·• !l_j-_16). S.:pl./0«. 191,, 
11 L ,.,,,.,n, -n.c "· '' p<><tK<;, pl>nnin1 .,,,....._- s: .... 
Al•-.·-~~"'- •<>1 1,. •-!•. w,..,_~ 1917. 
l. S A'"""""J. ¡.,.¡ -_,.,. F.....-"'""1' f...,(',,,¡ 8011 :o 
'"'"P"'"' Nr:w\'ool: ~').1.11 
--· "l'or<n>lina .,., ,, ""'"'""';' m<rhod,_ Foll.k>~t """' 
¡..,,, .. J. ~"'-· 1<>1 .11, Pi' :~-.16-'. 191~ 
-· "Thc >«,.,,.~,,,. : ·~= Thc ,.¡,..o! "l'<ru io ¡.,«,.,. 
ioa.." Tn-li. -'In- .. pp. l ..... )..,.¡/01~ 10110. 
K./. Armw. S..C..I O., .. ".,¡ ¡.,.¡,,J...t l'ol""· lnd <d. :-;,.,. 
lb>m. ('T: Y >lr Uni, . r•· -1_ 

W, ,<,.,·hn. '"'""""'~ l• ·'1'1''"""' Jur Pdr"""''"' """ 
Plww..,, B>ltomor<. MI; ¡,-.¡,0, il<>rl.oft> l!n" .. 1911 
M_ ll;chuaVt. "Group ,',_-,........, in 11>< f><:t ol d>ffro<O«' ol 
.......... ~_,¡....,........,5,- •olll ... l,pp 10l-l91,0n. ¡•-;<¡ 
11. f. B>lo«. R. M M••' .,¡,_..,.¡·-S P""""· f.JoiK 1' '"' 
fu ~0-/Jolror lil• ; ,,;.,nJ! ....J /'.Jrr .. ..J f,,.,,., .',<~ 
Yorl.: \\'oh, IY7l_ 
W. M 0..11<, IL ll Ham ... ....J. •nd O D ~h«. "Ao ,¡,.,, _ "" 
.1'1"..,.-h "' "'""' ....... ,. """' "'l'"'".--.. -<J .... Sa o'' ... -

,.,¡ "· I'P lii~Jl7, 19l,\ 
O P. ~•'"'- >11<1 l. S l'or< ,._ "C'ornp<tolo« ""''""..,,A.,-._ , '·'T 
'"""" nN<ki." n.,.,... " ·. t. - '· pp 1 '-t.l. 19M!. 
11.. L hanl.<n ond S r· C.uplo. "A r•oc<» r.~ """" al 
«"~"" .,~¡"ll ~11h mo '•rl< .... ,...,,.._- O..~<p, ,.,¡_ ~-, l. 
pp 1)1-r•t.l""'l 
M 1. ~ ... rr '""E. '- h 1. "("""""" -s ,.,..,...,,) ,. -r,. 
'"" """"' "' .,._..,. -•< .nr,~ .... M .. """""'- >t ... , • ,,.. 
5" .. ,.,. ll. ""- 1. rp. ~2-· 02<1. r~n 
~~. ""·11•11<1. -Th< ~ ... ,.,. r.n .. ~ in pll>hoholll~ )'>ol;' ·~ 
A.-r• r,rn.~_ ""- .u. rr ~ 11-lJl. 1~100 
U P. a"""'- "ln""'""'"''l•-li.."J. ""'"'',."' '"" rr.- ..,,._, ' ·~ ....,¡,.¡_·J.'·-··'"' ·"·- 1.1'/' !Q1-~n. ,, .. 1r-< 
r. 11 """""- -n,-~u,~.,,r ""''.._"' '"'""' · A ,., ·• ,¡ bobl- -. h• 
'"' "'""''<""'"' .. ~ .. ,;..,_~ r.,..¡, ... ,.,¡_ '· ,., '· rr •·!. t< ... ,., •• 

-· ""'" inr,....,,;,,.. r..-.:.,¡n! ""'h·odr•l•'l> '"' •. 
···~ J,,-;.,.., p< ... ~ ...... - •• ¡-,.. /IoM "' '"'''" ,..,, <{ /. v,,.,. .... r-'"'· u 1 w¡,,. ..,¡u c. o,.,.,.¡;, 
Y·•~: Cr.O<:. R ....... •"" t -,,__ lnc, 1'11, 1'1' 191- !06 
f. 11. """"" •n<l 11 11 !'<,. ... - .... .., ....... ,.¡ -·· 
""'''' r ... •ion. ,,. '"''"'"' 1u.~~ .... ,. ... - "''"" s,""' , 
r"t'~"' . •ol, H rr r•1- '""· r•N 
!'_ 11 ft..-r..., an.J l./'"'"- "R<I<W"-~ rU<•>•. 1> •M¡· 
d"'"'"J-- o.,... ..... ~. ,..¡ 11-. ,.,, .... "" !!, PI' 
"00 . 
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~ IL llt.,.b. "bp.·11 ¡udpo:nl .¡,.., '''"'""aioly: ~<>i•n ~.,,,. 
"'"' "'••••• '" ,..,,,,,."''""""-o.""". ll.·Jt.n.·. •oJ u ..... r,-,¡.­
""''"'· ... ,._ J"ff 11!-)9. ''"· 
L 11. ll< .. h >r>J T. M ~lo1<hril. "A, '""'"''m<)' ...,jd fu< 11>< 
><lmM"' o/ <k.N«< .,,~" Ao..J....,- o( .1/~ ~"' , 
..... l. Pf' ., ........ '"') 1911. 
ll, E. lldl ,.,¡ 11. Maitt._ "M.,Jin>l »lut """ Onrin~< riok 
""'~"n." Ju"" I•'N ,,..¡ "(),;"~"" "1"'"" «<'l'f!!n<RI ni ,¡,k 
••<r>i<>n." u ...... ~ o-...... ~ .,.....,..,pu, 1~ u.u. • 
c • ...,nJ10, MA. Ju<>< 191111. • 
1 H.·nbo..,.l •<~<~ 11. ¡; !icluo'<\kt, "M .,pm,;;..,tal in>n""'"'" 
,.¡~"'"'MIS ~o-i~n ••n.bl<>." .lf"'"'l<'""" ¡.¡.,,., S¡u_ IJo.,,.· 
"~ l, pp Jl· "'· M.>r. 1~11. , .•· . 
1 lknh,¡...,) ....J M N T»l.>r- "Tht im~l ..r ~~·~ •IJko"" 
inl""""'""' '""'" .!<·•P.- _,¡...., .. ,...,., '""""'· Sn•. ~- •ol 
!. J'l' •l-l--0./un< lVll. 
J. l_ n"""""· 1:.1_, {1,./J¡•• n,.,-,...., S"f'f'M l:"""""· K<>din¡. 
~~-~: 1\Mo>o>n-ll'ook-w, ~~~1. ' 

J K "''"'"'"· ·'• '""""'"'""' ~"!"J l~cwr '-.¡ """"""' ,¡,.,-,, 
Kt..Jon¡. MA: AJ./o~o,_W<>k;.-.19111 : 
T K m_.~<o-1«. 11.- ~•olot ll""•· N"" y,~~:......_,_, I'ISa 
K 1 L n.""'''-1.. e w. 11<>1"-'''ol< ooJ A n_ 1\'h<n>""'- "'''"'P'I'"'' 
ho"'d ••rP"" ni '''f'"·,~..~.., ... l d"'""'" no>lo 1n¡." /),.'""'" sn., 
.. ~ 10. pp :·~-1•1, 1919,. . 
__ , "lb..· '"~'¡'~ 11ok> .-.1 m<>oltl. i• '-'«i>iocl..,ppon 'P"""'" 
t>nu.- ~~ . ,.,. JI, ..,_ l. F,._ l ll·l~. Ap. ltiiG-
__ , ¡-..-su,,,. </ 0.."""' S- S¡>~""'· Nc..- Y01~: 
AcoJ<nPt. IYI<I. 
L D"'"J' anJ R. E. N"~,-11, "Uoll<~<"flli>l impO<I ol •h>lr>o·i 
'"""' ,-on,·ro·~e onr.~"'•'i"n ni J,;,¡,""-" J . .¡ A¡p/1«1 Suc ..,¡ · 
....... ,,.¡ l."" l.pjl 15•-lll. 1911. ' 
e 1. a,.,.,.,J, "'"~" ·, no.-...¡ ,¡ lol</61.-.. l'.nf,it-oot>J nrr .. 
:-;¡- p"~, ... -11 .. 1' l~ll. • 
O B">b,,.o~., .'nJ C. E. lmJhkorn. ~ s"""ll'' -o{ o.,,.,.,,.r.,¡,<r 
hu/""""""' u-~"',¡ l'uo,-., Xt~ Y"'k. fr« Pt< ... 1970 
~ Bn:h'""'· ·s...,,,.¡ l.odJm<nl n.,..,., ;mJ 11>< "00)¡.., PI In«<· 
~"-'.,..,., ''"'"''~- r .. ,.,~- """ . ...._ 'l. w- 9lll- IOUl. 1976. 
--· "ltc-ofl"n-< ""'~'""~ 10 ~i< in!<"""" .._,.._" 
~-~-.u.,,_ r .. ,,.,.,_ "" u. PP. 1dl-111. 1111. 
--·"In """'~•d: Nnl Ioom <•p<ri<no<," ,¡,,., P,}ohol., o·ol. 
•S.pp ln-~•1. IYIIO 
11 S llnnl<~•. I.,J, o.,,~ .. , IM ..... (,...,n.f<y JoJr- ...,¡ 
S"''"" folumto .... 011. (<. ;,, ~-u,. •• !ill 
D '-\' n"""'"""'· Deo.,_ ,.- 1 -~'""· LonJ"": Ar>o!tmio, 1 ~J\. 
H 1 n,.,.,, ·o., b<ina '-''·"""r; ~ r¡,¡,._ f/lo<d .. ..,¡_ 15. PP· 
~~-·~. 1911 
R \', n,.,. n. A S Kalu, ,,.¡ <:. P<1<1>m. D..,,..,.~""""" f- r4. 
~/"""(... ¡..;.,. Y.n: lloll. '""""'"'~ .,¡ w-........ 1974. 
W."' ButhM'- IV. K.Fklo.""" lt. L K«n<1. •t.umiNftl 
'""~'/m""'"'"""' polO<) u "'1 "'-'<i""" ..-..lpi.," C""(' S;-.1-
""J rooluo·, '"1 l. ""· l, J'll- Hl-161, I•J9 ' 
D 11'. D..nn. "1\•1~-, ><~.~1¡ h< impl""'""'' 1ror • oll<oty ,¡ p~<'dio­
,.,. ~oJ "'"'"""'- 1'>1><1 Sn .. .-o~ o.. rr lll-ll<l, Hm. 
--· "So.~o<mn' m<rlnh io po.o~--,. .,..)¡~., • S..oo-úvo. /'lo•• 
... t ~l. •t>l 1!. p ... Jl~-))1. 191¡, • 

A w. hwlo~ n ....... e~"''· R""""· a.,a1o. lt: u"''· 01 
{'h"'""' l•n. ' 
l. S. f:>nrll. "A""II""I ,),,.,_.. loclu•loot: Th< ...p;u...· ..,.¡,. 
"""" io l. S. 1\'ollol<a. E.!. i'"T"<H~ l'no«Un .. r ... ,.,. ..,.¡ 
n.,..,_ ~-..... H•ll••l>k. Nl: l~lbou,. ,.,._, \9110. pp ••- -u,. 
S l- O.:n••• •nd (i. W. PO:\.~'"- "On oh< »loJ,o¡ ni 1h< 
>n.>l)lo<·h•·•'''"'' '"'"""'''"' """"J in oh< ~"""""'" <op<,¡. 
m<n1>-A ro·pl1." 11....,,,.,....., .1,., ''~ :•. PP- lll'II·IO!Il. '"JI_ 
a w_ o..~~·.,.,;¡¡_ L N,-... ·Jnl•k""'"'"' ""W"'' /0< ,J,,¡,.;,..,. 

aul<r bmm¡ '" , ''""~"'"'"' ''"'"'"""'"'· "'" <>po:nm.-.. 1.! 
•'"'-'1 , " 1~> o><· ., So o o-.~ 1 l. "" ~ . 1'1' NH - 61 S, OL! "110. 
J l'hn"'""·n-S~<I.n•loi. "P,.~,km '"'""l.,,_.,,;,., A .,-ln:oion 
.... ü ......... ~""' '"'~'"'' ......... ,,.¡ ~- J>I.O.- rl•p. ,,~ruo. 
u • ..,_ ,. .. J ...... •<"~ !J. rr- .<uJ-•!J.o,,._ 1971-

__ , "A lnllto,r '"'"""'"'"' <>1 lho: """'~"' ,,¡ p<...,k.,.....toin' 
.,,.,.,;.,. n..- ,·nn" .~ .,._.,~.,..,, ••J •••'·"" '~'""'h" o.-:<1'1. 
11.~~•. ¡¡,..,,, foT/•~"' .. '"1. :s. ~r 1111-1:!, ¡~ro 
L J ''"""'· n •. r .. o~.;N, u•..J ¡!,. rn. "'*· {l.u<fl<l<"'. J:n¡t..,.¡: 
0•1··•~ t'""" 1~19 
-··o. '"" ""'bo"'"' ·'~" ""''""~"'- v.'bow;,"" r>llx)-." 
e,..,~ ... ,,¡ 1 ... , •. 1'1' 1.<5. -101. 1919. • • 
~1 D (",olo<O. J <; ~i;,·h. ,.,J J 1'. O).,·o, "A s.rl>4f ,;o n~.!<l 

"' ~rpnilltKorul .......,-,," A"""•· So Q-, 1<>1 1 J, no l. pp 
1-:l. 1•11. 

[M[ lt_ L ('..,.¡,, •n.ll R. S.eo>"'. "A""''"""'"" .-.1 '""' ..,.,,._.,¡, 
~ ........................... ........_"' ¡od~-··.J p.-loo.}." (K __ 

&-.-.11-- ~"'¡.~ ... ><>l IJ,I'I'-li-•S.I1li 
[6l[ {'_ 11. (',.....,, ;mJ O ti. p,..,~ "(''""~"-"""" or nok in J,~;,,.., 

m'''"''"""'"''"' ,n.~ ,.,n, ... ~ r•d,,.·n.n." J.·C•r•'""""'oi 
• r ..... ~ .. •~>~- t.a. "" s. rr- 165-lJJ. o..-.:. l'lt4 

1661 c. ~~ e- on.1 (L s. "''""""' -s.np p<U«< ,""'"""' >n<1 
• .• . ""_, ol pm,-..-,-1'\ ....... ~ ........ 14, pp. 116-!Ja. 

1m · · 
-: ru¡·· f. 1. ~¡_ ''"'~- """"'"" .. .,....,.- ...... 11" . ,.,; ~"': •O/. Jo. rr. 

61-llll 197'1, • 
1~•1 R. ~~ C><n ooJ J. Ci. M=·ll. -l ll.<r.n •·"' ll>,w, .¡"" ,-,,.. 

En¡'o.•">J o.n~ !<J: r""'••<-lhll. 196) · 
[69[ J. 11 n_..,~ ·G''""' &..-w.:.o anJ .....,.¡ ,_,,., "''"'": A ,,..,.,.. .-.1 

,,. 

{Jl) 

(11) 

[7S[ 

[16) 

'"' [7~) 

IJ9[ 

,., 
[al[ 

[lll 

'"' 
[JS) 

'"' [~lJ 

'"' ,,. 
,., 
[OIJ 

(9~1 

)91[ 

'"' 

"' o>l d.>-,ion "''11<"""-" ,.,,¡,¡_ ~n· .. ,o). ~~. 10<>. l, pp 91- 1 ll, 
M><. I~JJ. 

R. M- n ... .._ "Th< .runJ. th< ..,._¡,l •nJ 11>< ,.q_" io ''''""" , -
n,.,~. ool 1. F. a.,,¡,« ..J. 1'.1>. )I,U..J>l<. NJ. l""""'" 
ú1i»o10 ,.,._, 191), pp. llt·IJO . 

. ·n.o,.....,., t.:••• Y o( imp"'f'<' 1•""-" ....-..!<~in J,~i•ioo 
;;;;¡-;;-,'" • ... ..,. r,,¡,,.¡., 10/. Jo,""· l. rr lli-SQ lol¡ 1~19 · 
R. 11- 0•1· E<l .. ,,...,.,,,., c.--.,. Ncw York: .._,.J&m"'. 
19JS 1 • 
11. D- n..-t...n onc1 T. s. w.n,• n. ·r"'b""li11ic iof"'""'­
P"•••...;"'' w..-., ,¡o b<a-«1 ~· ot m.>tru..., '~""" ,,.¡ b•d~ • ¡;¡,,.,._en.,."""'·,...,,.,._, o, . 1ll.""' l. PP- :'OJ-~!1. O...·. 
1~71. 
M_ 0.:111><1<. "M;.,l<'»l "JI< ,.., 1!>< dt>il" o( &,~;.¡, ..,¡," 
a.--... ool 6...., 1.1'1'- ~-11. 1911. 
"- O.:W;.p..'\>1< -.!'"-P. Soc<. -o. <Onobintol muh•J>k ""~'"'"~ 
optim;llt>On ot>.uy ""' multipl< >tllibule otobo¡ 1h.."l) l•k 
o·••lo>hon >od d•oio-.:mo!.io¡.• ¡.,,,S"''' S"""~• •ol :!. M 1, 
rP 1·1'1, 19!\. 
¡¡ W. O.d....._ J. A S.:no, ""' J l. <li<<> .. J. ·¡¡,..,.,h oo 

~'""'' inl"""''""' ')''""" Th< ·'''""""'" <>p<rim<nl>." 
.lt....,.,_..., s. ... ""- lJ. PP. 91)-911. ¡<¡1)_ 
1'. n;"''"'" R,.,,., •• s,.,..~. U<h>n>.IL' Uoi._ lllin .. ~ l~l­
R. ')!, Ook1<>< ooJ W,'F_ ll-"'lolton. "C',.,oihl< >1)~~ ..,,.¡ 11>: 

""'P'"""' ol """"'"""' ,.¡...,... '"'"""'"M'"""'-" ,1/u""ff'­"""'S" . ..,¡_ 1~. ,.._ 9, pp-. RL0-11>4. 197). 

a n.o~o...-. -"''"'""" >ol•i"' <l)k> <>1 <«<ooll•n '"" ""'"''"''''" ..,;,.,.,.._- TIMS S1W.., ool~t A!u""l"''"" s.,,.,,., ,,.¡ ~. pp 
lll-ll4. 1971. 
A W. Or>lo.c. R. t. K «<><y uod 1'. 1ot. Mor,._ Ao.Ju,. .¡ /'­
.t""""· C>ml<tw!¡<, W/1: M...,'ll....,t> ln1U1u1< T«<o, 19n 
lt l. DI<} l..._ 11 loo< {'~ f -) Do: 1Jwo J....,« .¡ .Mif••"" 
1....-tl•~· N«< y..,;, ll•r¡><r ooJ Ko>w, 19111. 
S E- Ptoylw •nd Jt L Dr<)r.., "A r,~ ""' .-...l<l .~ oto< 
m<1>1>l ocll•it"" i•oo!.od io d11M«< >LII "''QOo~Uoo," u.;, 
C .!>1. " O.~k<loy. K<p OII.C 50-l. F<ll 19¡0 
~¡ /_ Dri= ooJ T. /, M<o..t.. "lluoruo inl«nUU""" plp,<>,;O~ 

d ... ;...., '"""' 01¡1<. """ "'"'""""' '"r"'""'"'"' 'l''""" • 
~"'"''""1 Rn. ool. SO. pp. 4\10-SOI. 191S. 
Y. ll""· /'.,¡,¡" ""'"',...¡,'"' ,..,.,"""""'· S.n r,.,,,..n, C'"' 
O..nolk-1. 1911 ' 
__ , n...!I"J<o- l'ol.<t S......n '-'"" Y<rl: FJ.r.,ia, ¡oll. 
N M- Dul!) >oJ M. G. ~-1+-. 11•-- c,...o,.o, 
s,.,,~ Altk>: o, ron,~ U ni•. 1-no 
M n nun .. -u,, .,¡. li•"""""' <{ ¡,.¡,,.,,.¡ """ o.0 • ..,,-•• ,.,,¡ 
r,,,¡,.,¡,'(>-. tl<~;o¡». IL: R•oJ·MoN>Il• 191fL 

a K n,,, ,,.¡ w. '-· Ki.._ .,. """"'"'"'.......,;,. """'""' '"><••." ...,....,.,...,., .t.<. ,.,¡ 16_ "" l. !'P 11>1 ·ll). M•<, 1"~1 
1t. ¡_ u..-u >n.l T, R- ~¡ • .,,.n, o.-, ........ ..., ~~n ...... r""'"' 
~'<• '"''' ('..,.., Ku .. ¡l anJ {'o., 191)_ 

U [onl....-n. "U>< ni "'"'~"""· '~""''"'P""'""') ''"-"'' ~· • 
h""'""' ,.¡ l>.•lo ,,.¡ti><"'""'"' <4 onl"'""'"""." ¡;¡,_..,. B.~ ... 

u- '""""'· '"' l. PP. 1-ll. IYII. 
11 J. r ......... ,,.¡a M u."'"" -u .. , ... ;,~ •• ,~"'""'' r •• 
&.-,,.¡,,.. mol.in¡." (11$"'1- B ...... 1/um r.-.j .. .,, •ul 1 '· rr 
lll-l•l191~. 

__ . •"" t. Kk""~'"''· "Qu>h•~ "' Y""r J,J•"""'-• r,,., • 
~ ..... ~ ~-""· 1.1'11 1So-Hl.l•n . 
l1 J. f_.Mr>m ,,.¡ v.', Mo;('""-b. "A •ino!'l< lnodb >lllolou1, uo,l>l> 

!"'~'.,¡",. '"' n>l"'"""' • Bo '"' • ~ ...... ~ n rP ~}{\. :•~- 1•1: 
11. J. '-'"1""" .,,¡ ,, ~~- """'"!>. •(',,.,¡,J"~" '" J"Jf""~" 



'.
 

.. 
~
 

!e
 

·-
.E

 
~
 

~
 

, 
• 

~
 

• 
~
 

-
~
 

~
 

~
 
~
 

j 
§_

 
-ª 

,!;
 

~g
 

g 
E

 _g
 

g 
1 

, • 
] 

l 
] 

¡ 

1 '1 
~>
-.
~:
;:
:~
;~
..
-:
:-
t:
::
-f
!"
'~
!"
'f
l 

;;
'~

"'
;>

!!
'"

1i
'"

i.
l_

"'
Pj

~t
~!

!:
:;

:¡
-:

:?
:_

7.
J"

"~
""

l,
l 

¡>
¡o

:,l
 '1

 ¡E
?>

<
i:

l'=
r¡

l 
f~

~-
"'

iª
=~

:?
 

~ 
. 

s 
...

. ~
':

ig
:~

~i
·~

;:
.'

ii
l!

~~
>~

. 
l"

~;
f:

~~
~~

·;
,:

:;
of

:¡
¡ 

""'
~ii

't 
.. ~

~"
"'
""
:r
t=
"'
 
~ 

·~
-~

;:
 

r:
{>

~~
~s

. 
-~

¡-
,.

~~
~~

 
~ 

~¡
~ 
~t
ir

HH
~H
~a
 f

it
ht

fr
!t

~!
!f

f~
!H

ir
~i

i H
 h.{

 ~
~~
!~
,i
~~
-i
~h
~~
af
ft
~~
t~
f~
!H
i 

: 
~~

~ 
~"'

:>l
 .. 

~'"
i!t

."-
¡f~

 .. 
ílj

•,·
""ª

;:l
1j:

...
?{:

.:;
~i~

:~,
·[,

. .. d
 

r.o
"'¡

;:_
L~ 

... ~
.H

~ 
r,
;.
a~
hh
J.
~g
f¡
~!
f~
.-
!l
i~
H 

! 
~'-

,..
, 

"¡
;-

!:
:-

::
:~

;-
_ 

=
 

~~
 

1:! 
K

 
~d
·<
!!
~~
=-
._
i,
.-
1!
~'
=l
l'
l 

i"
'"

'. 
~ 

•e
~~

a.
 

,.
i_

z
'i

' 
¡ 

;¡
i!.

 
• 

~~
 
·~

 
"'"

'"'
r 

l.
~ 

Ui
~~

~~
 
·-

~~
~~

~ 
~~

~E
~~

H~
:·

:~
t~

r~
'i

~;
'5

~~
.-

> 
~t

"H
~~

 ~
~¡"

'r~
 

~j
~_

r .
. ,...,

 .. -
~:

::
¡ 
r~

JH
: 

1· 
i 

-
i:

"l
":

o:
~,

.f
 

•
-

~
~
 

~
·
 

.:
..
"·
-.
~¡
-•
-

e
,
.
 
~
~
Z
"
 

!¡
' 

~
"
'
>
:
1
~
1
 
~
a
·
~
~
 

11
"~
-l
..
'"
" 

=-
· 

.. 
~ 

"
~
 

" 
;·

;.
 
d.

~:
~z

;E
 

~~
-¡
¡~
r-
E.
. 

::"
•"!

J::
~Y.

'"ª
'-,

~ 
8~

"•
 
~j

 
rV

~~
;~

o,
 
~g

q:
a~

 
11

.!
l-

~~
~ 

~ 
2

.h
·-

>
 

;;;
:o

:>
; 

~:
~,

:.
:f

 
~ 

;: 
~ .!

 ~
l~~

fif
 ~i

t-~
ji 

h~
~~
h-
i~

n~
 ~~

 ~
~r~

i¡ 
f!

;r
n

 :
g:

i 
f 
}fi

~f 
~f 

H
 n¡'

~l:
 ~ 

f 
-

.
.
.
.
 .,

-
~
 

;>
 

_ 
..

 p
"'

 
-
·
 

"
'
~
 

~
 

-
..

 -
-
-
~
~
 

~.
..

. 
~
-

.
.
 

3 

¡ 
.! 

r!O
 

,t.
;¡

,.·
 
-~

 
d 

~
u
 
-i

~i
~ª

ií
ª~

 
~~

 
al

rr
r 

t: 
;-

_€
 

:-
r'

S.
~·

 
~.

,-
d.

~.
¿ 

t~
 
-~

. 
h~

 
2.

~?
 

.. 
t 

i 
~g
 ·

~·~
~~ 

f~ 
~?~

· 
r~ 1i 

~~:;
=-,¡

~-~~
t t

~; 
~.~

J,t
~ 

ff 
t1 !

 !
s-!

~f 
.t 

fE
fll

 ~
i· 

~t~ 
~~¡

 !
; 

~ 
~ 

..
..

 
¡ 

~~
' 

;r
i 

~P
· 

S
r 

~á
' 

,_
,.

_
.,

 
J
' 

ª:;:
; 

"'~
 

":
..

 
~ 

~¡
o9

""
 

"'
¡.

!'
3

:-
l 

...
. 

5 
l:"

~i-
Jg.

 ~
 

¡: 
?"

 
r:,

 
i¡
~~
l.
",
.,
"'
. 

s¡
 

..
..

. 
i¡

-~
~~

¡;
p~

 
..

. 
w~

l!
!i

f·
 ..

 ~
a~

.!
..

.,
_~

~·
·.

"·
 

·r
;¡

 
?
t 

:!
' 

;~
.¡

, 
·e

 
.. 

r 
.. 

'"'
=-

. 
~
"
 

z
, 

.. 
J
i
.
?
:
~
-
-
·
.
~
·
,
.
 

~
,
.
k
~
 

s· 
t.

 
! 

i 
t~

 
-3

: 
~
 ... 

~ 
s:·

· 
, ..

.. 
~ 

&
 

;,
~ 

l 
r 

~.· 
_§r

 ~~
.~ 

r~
 f

r~
 if

f ?
~ ~

~~-
~:

 •
i 

~~:
 ~

*~
 n

 ~ 
~. 

~~,
;~~

: 
! 

t:¡
~ 

~ 
~!:

 
t i

r~
 1

¿ 
!%

, 
¡;

 
~
~
~
~
~
s
~
·
-
·
 

.¡
jg
.,
..
~,
. 

·
·
"
"
"
'
1
~
o
.
 

·~
 

.,
.,

 
"
"
 

~ 
· 

.'
i;

; 
f'."

 
-~'"

.i~ 
~~ 

H
l 

:¡¡
_ 

¡ 
H

 
;9

 
n 

j[
 ~

i 
~ 

~ 
~~ 

~ 
f 

~ ... 
~.'

~ 
~ 

~ 
F,

 
;::l

 ~
S 

la
! 

F~ 
"" 

~
 

• 
- • 

-
Ji 

.;
 

~ 
:;;:

 
' 

,e
 
~
 

-
-ª" 

:;;:
 

:¡:
 

.!:
! 

=
 

~
 
• 

;;;
 

;;;
 

... 
.!

! 
.:::

1 
-"

' 
• <

 
~
 

!;¡
 

;;; 
.9

 
;;:

; 
·~

 
.:a

 
~
 

.;;
 

.!::
 

~
 

~
 

- 1 ... -
~
~
~
2
~
,
-
-
r
-
N
>
~
~
~
-
~
-
~
-
~
 

~ 
,i

·"
' 

.,
. 

_
_

 ._
. 

::
:•

··
· 

.
-
:
-

• 
•
o

 
~"

' 
-
"
' 

._
_

 
'2

.
.
:
 

• 
·=

·t
.-

.,
·~

 
S

..
.,

 ..
 .

..,
, 

;; 
~ 

...
,..

, ~
~.

!·
 -
· 

~;
. 

. 
~ 

~ .
..,

¡_
 •!· 

rr
'n

' 
'?

,.
:~

;'
ti

"'
~.

'"
''

 ~-
S !

'¡
t 

~.-
..:

¡¡]
-..

_ ..
 l. 
p

; 
:<

'0,
 ·!!

 .'
"~f

'"'
:::

:lP
~.?

'~ 
:i

.-
,;

q
 ~<

;¡
l.

~ :
e:~

 ~l
',.

.l"
'5'

:-o
:;·

,·,
 :-

:>~ 
f7
=~
~;
c 

·~
--

•=
·-

~'
=J

·=
~ 

: 
_i

!•
'lo

!"
' ..

. 
!"'

-~l
::-

3i"
'(!

lr.
 

=
ii
.-

=:
e:

;;
-o

~P
 

"'
C

j;
¡i

'"
 

,;
.~
r,
.r
~o
:~
· 

~!
f2

.r
 _

;:
"!

'3
·;

: 
0~

 

~~--!
 ;gtf

r¡!-
~. r

t~H-
~~~-

i·f~
!~f 

J;t
 ¡J f

;!i
 f~ 5 ~~-f

~~ri
N ~e

!-~i
 r~l

r~~
H-~

t!;
 i{~

 ti[
t~~

u,.
~f ~

¡ 
~;

~>
!·

~·
 -
~~
~ 

• 
t~

 l
~~

~~
f:

·,
¡ª

r~
~~

~l
il

~ 
~~
~~
i~
l-
~!
l~
• 

~¡
~~

-.
l[

i,
.~

 
-~
ti
=-
F~
~~
 
Ji

;~
 

~~
~~

~.
;¡

; ~
l h

 t 
~ 5

 d
 ~-

h""
 -~

[~i
 i p

f~
 ... ;

;~:.
.~E.

 J ¡
 ~~

 ;~
 z ~

;s 
¡:~

~ 
;,;

·?~
{~?

 r.~
 l ~

~t
~t

w~
i~

 ~~
 ;

i ¡
~ 

=~
;-

o~
,.

..
.,

~-
-~

~r
f 

;;
e
·¡

{
..

.-
' 

lB
· ~

il
f:

=.
"'

. 
~!

r-
;l

i'
-e

E 
,=:

t~!
'>'

:'"
!!E

 
~ 

"'
[!

::
'2

~;
..

._
_ ...

 =<
-,.

.,.
~~;

;-~
'-

;:
e~

= 
'1

"f
 

¡t
r h

!P
~l

!~
 H

 . t
~~
~f
 f

¡J.
i~;

f 
¡H
~~
t~
Et
~a
t~
i~
Ji
. 

~~
~i

J~
l~

t~
i~

~i
~~

~ 
r;>

I~ 
1

-~f~:
¡ 

i¡
:.

 
~ 
·~

i 
~~

¡¡
 

·~·
 

...
,¡,

.,p
'"~

 
!:"

'i.
i'"

"~'
1~ 

;..
,h

" 
%

2. 
~&,

?;.
:.-

·.;
,l'

~E.
t:r

.'E
 

I 
~2
.;
'-
:¡
~p
-·
:J
i.
!~
~;
:.
q 

.f 
:!

Z
 

1:"
 
~ .

.. 

~~-
ii~

> 
Hn

 fJ
 l

t!r
~~ 

r!
jfH

i 
~~

~ ~
.f 

~!l
;~f

f~g
~~;

 1~
;¡~

~~[
;1~

:!.
~~c

 ~ 
~~ 

J·,
~; 

1
,. 

;;
;-

: 
•a

uE
. 

~-
~r

""
-:

¡¡
 

-~
 
-~

~"
' 

i~
" 

... 
~ 

~ 
--

-
?-

-~
 

•"
-"

-"
!~

.[
~ .

...
...

. ~
...

,""
"' 

·S
 

~-
= 

~ 
~i

.s
i 

~--
.e.

~::
.: 

-,
<~

~!
52

.~
~~

>~
~.

~ 
.... 

¡~
¡;

_~
 

:.H
 
~[

~~
 

,'"
H-,

~..
_:.

·'"
-",

J'}
":,

~, 
~ 

h 
fd

! 
¡.

-
~~

:e
~.

 
··~

">'
· 

....
.. 

!!
',

 
~ 

• 
~-

,.
.,

..
 

-
....

.. 
~-

" 
~a
~r
:-
· 

• 
"" 

;: 
· 
~-

~ 
!~

e 
""~

 
•"

'"
" 

f 
'"~

 
·-

~~
·-

,3~
 ~

~.~
-i 

~-,
·~~

~.,
,o~

"?-
,·~

 
~~

i 
g-

; 
~~
! 

f'"
;~ 

•,b
i 

~H·
,; 

::-,. 
~~

 
~ 

·i
,-

i~
H 

i 
~~

 2
.,s

~~ 
~ 

""¡
·; 

;;:
·::

:[;
 

•
.
 

t:. 
i 

"'
" 

• 
,., 

~.
.,

3 
.... 

l]
 

. 
~ 

. 
~3

 
·~

 
~~

,.
.~

 
.
-

3
-
"
"
 

6.
 

• 
" 

..
 ~
 

,:·
..:

...
ii 

.. 
;i

;t
1 

·d
 

;;
t 

~~~
~. 

~!
 

:¡.~
 
r 

¡;
~ 

·n 
i;

t.
! 

5 
'"

i 
... 

~~
 

~:
st

 ¡
 
~J

 
~~

:.
~ 

-:.
~ 

.h
i­

~~ 
;;~ 

~ 
l~

 ·:=,
. 

:::~ 
!'• 

n~
 w

~ 
r:: 

~;
;~

C.
~~

 ~
~·-

¿t 
r 

f=
,:·;

 
=-~ 

:, .. 
~ 

~ 
f!

. 
·.j

~~ 
~ 

~~ 
H

;.·
 

=
'•

•'
 

~·
 

" 
.. 

¡
..

¡
: 

~~
~;

=;
E"

-"
';

¡~
• 

... 
;-

~ 
~
-
a
,
-
·
~
·
 

o
o

 
.
·
·
·
~
-

;
!
 
e~

 
~ 

."~
 

• 
~l

 o
;:s

 
~ 

~ 
:-

i"
. 

e.
:.
.~
~?
:!
!-
'~
--
~ 

J: 
5"'

~ 
i 

~a
 

a 
i 

;<,
 
i~

 
·? 

?,~
· 

~ 
~i

 :
a~

i 
~ 



"' lllO ,. .. ~ .. ct_, "" ""'"~ """· •~o <'"O... ti<~ •u..wc•ll, ~o. 9. ""'· ~••• 1911 

_. "lliolo. t&lifllMol ,..__....,in oh< -.oaolk>oon: 
An <•p«l<d uiii!IJ o"'l)'>io." J, <( ~,.¡ ,..¡ ¡.,--., .-o1, U, 110. 

l.pp 111-lll.l-...cl. 
¡ll-01. P. J. 11M/"""- T. C'. Eott., >11<1 P. Slo~ic. "Mulo>Ji""""""""' 

11 Sll 

lll•l 

11611 

ll~ll 

11611 

1161) 

jl6tl 

1169) 

""" 
¡ 1111 

Jll!l 

( llll 

! 11~) 

jll)j 

)1191 

1" IJ 

1 1' '1 

lu...,oir-oullt..-nin~!Mrl.l >no!.._-~ """_......,¡ lrnlb>d. ~ 
Or-• ....__ 11-. !«f-: . .,¡_ ~1. pp. ll·llll. 19U. 

R ~l. H"""ll. "A MI< on ''-"'"""' o¡>inóon~~ ~·· l<lwr>. 
u,....'"'"'"'" •<>'- ll, rr lll·ll!,t'ila 
-· "fk)<mol J;'<f<l< bi.o<e>: fW><I;-.,1 an.J d)>/Un<l;,n;d 

"~'<"" o/ ¡..r, ..... ,_,¡ """"·····-- '···~- ·-"'· .... 90, I'P ¡91-2JJ. l'llll. 
__ . "l..r,;m<no. Jru¡ ,,..,;o,~i•t >nol J«i>Í<>n oiol~" M...,,_ 
••• l•• /k~~ Sufm. W, U ,V.'. lnm>n, E..J. L.oro<.,_l,•r, 1'-"-'lond•, 
.\ITP. ~Id, pp. ~l~·•TS, l!rol. 
11._ M lt,>ptlll. C. M~l>oud. >11<1 1 l- ~lo.-y. "Dmoio<l bdu>-io< In 

"'~'" "'"loop."'"" A O>C1I.-.$nl..p:-oi •~ >11<1 ,...¡,¡,.~ .. 
..... ,;.,.,......._. "'"" ,, ..... ¡, .. , •• "" 41, PP. fS-111, 19110. 
11. M II.'G'nh. ''"''""'" .,.J n ... ~, n,, p,1,~- o{ ll«w ... 
"'"' y.,.;;, w,,._., 1•110 
11.. M. l~b >11<1 s. M.U,:.t>k;.. -n.. ,o~..,,.¡~ moldna 
;o • '"""""'.,,-;,_,M <>.pt""""'->1 oppm><t.. • 1-/"''"t"" 
-S.. ..... l1,"" 1, .... fl-1111. hn. l'lfl. 
__ • "F"'"'"''"' ond pl.on••a· An "'lw<ion." ~~" .. """"" 
-~"-· ><>1 ll, no. l, pp II!·IJ~. Fd>. 1981. 
C. A l!ollo~•-•· n.-..,,,.. -.1<8l ....,¡,- _........n: MoJ./1 -' 
,¡,,.,..._ !'.filio..,.¡ ('1¡(1,. ~.J: rrnu«-lt.rl.. 191V 
C. A llo""-<r. J. /_ l<al\. o·.) F. F. ~l•<lrn""'- E.l>.. F-.r..t,_ 
o,.,¡ ~N''""''""'<( o.,, .... 7JUW)', ,-,¡,_ 1 ond 11 &,IOn, MA·. 
1> R<>dtl. 1~1~. 
R. A. lt"""d. l. 1!. M><l'"""· ond k_ E. MiJI<f, R"""'•P,. 
o...,,_-'""'""· S""'"'" o-"'<or,-h ln ... Mtolo p.,,, CA. 1916. 
S C. u ... ..u •"" E. ;, 1-·.~"""""· ¡.~........_ '"""'mt ~oJ 
Dto-ur,.. ~~~~••• /f,tl,.¡,l, _ ;-.il·, l•• """' f.<lhoom "''-· I!JI , 
S C. "'""11 ,¡nol S lt 1 m<11. "Urw:<Ul>Ol) """"'"""'"" A 
""''""'' IO•onomy," fkl'"· /M""'. U..,._ f"'j<Jfflo., >ol. lZ, pp 
•J-61, l•ll. 
\lo'_ ltowdl. 11- Pi<fa."-~"" .,.,¡ ~- llolb.W<, NJ: 
¡___,-"""" Er!b.>oun ,..._, l?ll. 
1>- Huk<, "Tltt inn"'-'<>« ol ''""' l:uk •·•ti.>hlc> 00 «>!"''"' 
<>p<roli<>N ¡, >n info~lh;(l n P""""''"& d<n>ioo\ """'d.~ A<l• 
l'>l-ciwJ/., .-ol 4S, 1>0. 1-l. 1 · IXT-196. fo.UJ. 1910. 
G P. 11-.. M....,p.w~_ t_.,_ M•i••J. Gltm-i<w,ll: S<ol\ 
fon-......,,19110. • 

_. ''Or¡>niu!mnol O ni'"'"'"" p...,.,.¡ o¡; Cllon~ in the 
lorm of'><l •><•n<n&ol .....,._ ,_ .. :· Uool•- Wi><OR<>n. WooiJ"' Pop« 
6-U-Il,Jul) 1910. 

--• "()o ""'' •• -.~ hl<""''""' '""'-' O.l<rmi ....... of llorit 
p<lf""""IK'< >nd bd>o•;.....· u,;..,._ W"-<orl>io, We><\.iOJ POp<t 
•- JI-1, Apr 1'111, M"""•· '"'"' s .. .....-.. oo be p»bh1h<d. 
J_ 11 llu1>m>n. "Th< <ffa:o ,.,,,,. o/ 10. «>tnil"' \1\ ¡., "''"'N<I 
;., •mpltm..·n!!n¡ """'""'"' -.. ..:o«h po-<>J><>Ub.." A/o,;,f<"""' ~­
'"'- IJ.pp. 91·100, 1971l 
A H¡nooJ ""' R_ z .. ~~-""'· -n.: "''""""I»Uoy o1 a.,:,.; .. 
''""P "'"""" molo.o"' a11\ "'P>l'll< oWq.;<I>On ,~ i><l;d, •od 
,;J....._" f;,-'"'"'""'"""· .-ol. ''·no o. pp IJ!I·I)JO,I'j"'. 1~19. 
11. hn. S u,,;¡oon .. d Cl D- o.,;._ "A'"'""'~,~~(,."""""~ 
;, ...._,.,. l»><'ll """'!""'"' inl-.tloo >J>I< .... " M"""l" 
- s... "" !6. - 9, PP. 11(1.t).l, 5q>L 1'110. 
A G 1...-. "C<>nfr'""' <u<''"'~''""' in ompli<tl mookl, ro/ k>ol<r 
l>o-Ju•;or," o..., •. M,.·, //""!_. f.-.funo¡. Id ll. 1>0. l. fp. 
•N-•9l, n.~-- 19ll · 
1- L />n,., •nJ L- M"""- -.·op;"' • ilh ,Jori>ioru/ '""lh<t." .-1...,., 
S...,,._'-'· PI' oll·&U, ~ ..... -n..-. 1976. 
_. ¡¡,-,.,.,,. ,IM,oo~ •;.-.. \"owk' f<« I'Jn&. rgn 

E. ''"""~- • r, ~ ... ....,.,..,. t """'""' .,. '""~'<''" ,_. o.¡,, '"' 
F~·'"" c .. ""-""""· n..~ .. ,. -"~ r"'""· 1 '16>. ,,., ,,.,,,.,,-., ..; 
""""'"·'· Or~·· lo~ ~:o,..,. ,.""~'<'>""'"" n.•-, P>ti•. ro""(<. 11169 
t. M. ¡,..,,~., '"" (; 1• """"'· -n., ...... "'"'"' "' ""~" 
,,......_..,,,- 11.1'1: Tr.-. !pi. M-. C.,.._, •ol SMC·l. ""-S, 
rr lll·ll.'. ~r.y 1911. 
~. J,•hn ... n. /~,.,ton.< Ir,,. o •.t.-n.J.·. Tlo"·fi•O'/ 4 nwl "'1 • '~""""• 
u.; •. o.."P'· u""V' 11. e,,,,., ¡,~ n..~-,;,., R ... o.,;, J~Jt 
11 '""~""'"'· •-s¡wullo. ,,. ...._.., J..-..bo.'<>-IM"''" ..J. '"' 
,..,~....,¡ ,¡.-,;,;..,._- ..... •,,.,.., ... ~ "·"" 1-\1, 19>(1 

H '""',..'"'" ,,J l; 1>. 1 .- .~. !',¡, , n. ""'"' ""''".! "'"' O•ml"' 
•~ ""'"" .11/""' 10.~¡,., 1> ~"J.-l. IYlJ 
n • '""' "'"' _..,,¡" '" 1, ·u, '"· P·l•"-'1"'' ,., p,.-.1. """" 
"" ~ .. "' "' ,, :• '" 1<11 

)1~1 --• ~~1 lli-y, ..... ....ty<.io ~ "'"<i>k>nt und<! ti.k," 
,_.,_.,,.,,..., ,..¡ .1."" 2, pp. :'<\J-l•l. M.,, 1979 

!l~lJ O Kobn<...,._ P. SI<>\ O:,.,.¡"- T•""'~· E..! o. J..Jx-., e,..¡.,. 
ll""""""1' ,,,.,._. _,-.. ~-~<~ y,..k: {">tutono~v u ... _ , .. ,_ 

¡1~<~>1 ~t F. """h"...., F. S<h~onz. E.J,... u- J'"''"'''" .,.¡ Dm­
'"'" '"'~"" N<~ Y M.: A<><l<mO:, 197S. 

¡l~ll --' , u,.,,.,¡,.¡~.,..,_,"'"'"'",._..,, .. •• ApJ'h.-.1 Stt· 
~•1• Ne>. \'o~ ~rno<, 191,1. _ 

JIP.IJ U. S. 1(.,.,..,¡,_ ~tly o,;"'ord ""~'1' A ok...:ripti .. 
"~""' o/ 11>.· np«<<d. odot.~ ...,..,{. • fl<$0•- 11.11 .... u,..,_ 
fnt-~·· .. "'' ll' "" l. Pfl 61-1!. fo:b. 19111. 

J"91 -· "S<.hi«""il .,,,,'*" uo.h11 .,.¡1M Alloa P'".¡g._• 
o. .... ~ ...... u-- '""""'-- ...t 2'. 1'1' ~'-n. JtlV 

1'9111 s ~'- t;.,,;, ·c ............. w.. ... ,;,.._ pt<'do<liot. ,.,.¡ <>•..t 
&U.nbu< ... : A t<>~-. o/ oh<~ ..... .,., >nd 1»1><>." J_ ,_..,.,,hl} 
.,...¡s-o.,¡ r ... ,., . ,o~_ 11. .... 11. I>P '""'·19111, ltl'l . 

jl91j O. l. Ko"<f<f Jnd {', '11 l(uk•ood. "11 muluob¡«lil< d,"~oo 
on.J,~.: lk>dt'" pi.>.>,.¡"' l<or J>l"<<'"-' <n~..,",;"'-• o,_.. R<r, 
•ol N. no. 1, pp. •JS-4U, lt1l 

jl'i'll P. e;_ W. K..., ...,¡ M. S '""- DrnJJ .. '""""' ,,,.~d: A• 
"'~;a<-.1 /'<'<f'«</1'< lt.doo¡. Mil: Addo><.,-W<>I<J, 19Jt. 

jl9ll P. e; W. K«n. "lnln<m>lim '-'""'"" "'" ~•t>n'LI>""""' •h••J<." 
C.....,,....,,..,,..¡ o/.- Ao...-.fo< C<>o"P"''"' M"'h'"''l· •ol l •. no. 
l. PP. 1•-JJ./u. 1~1. 

jl9olj k l K«a<y ,.; C. W. Kirb-.1- "G«"'ff d"Uioo nul.;n¡ """-' 
,.,,¡,,¡ ""'->~ -•11m: ¡,_......_ • _,,_.,,.., So .• "" n. ""· •· 
pp 'lD-·l7, P«. 191S. 

jl9jj R. L K«n<y. "A troop prdtro-n<< .,;..,,.,~_,,;.., •ilh e>llhn•l 
ulilil)," M""" t.--..! ~- ..0. 1), '"' ~- pp 100· IOl, 0<1. 19lfo. 

11961 k_ l- ""...,. >11<1 H R.,r¡._ o.,.,,_, •tr~ •1J<.,. ~"''"'"'· 
''"""""' ooJ , . ....., r,._¡.,¡¡,_ ""' '''"'' W<lt¡o. 1916 

11911 R l. Koo:r><)', S"'"' C"<'tJ! r.<rhru• :--~,., Yorl,· A•,.)<mic, 
• l'lf.O. 

j19!l <i J k.-llthn, n., C"""'-~t 10 s,-,....., l, '!1-.,-p.¡,¡., !'<>lo" 
- Snooo/(,_1,_ ¡,:,. York. Wo!q, 1~10. 

jl'i"ll rr ll K<ilq ...., /_ l- M.dda, "Aollil>olli·n lh. "l' .,¡><><><<h." 
"'""" lkt. r.1 rlo<>l • ..,¡_ ll, pp. •11-501, 11SD. 

PWI R K Kilononn. s.,rol s,.,,.., l><rr~o·Jo,'"'""''", Tlln.¡ ,,¡ ¡¡, 
M~PS Dnr1o T.-t'->lfW. N"' York: Norlh-1""- ,.d,l9n. 

1:!01) C,W, Kirk-ood. Ed.. "Dtrioooo ..w¡,q ~ i•--." o,.-. 11<1_ 
•ol JI.""- l, pp. l·lll.l:uLfFo:b. 1911. 

!20l.l G_ A Ki<on ond r. 1\',;«<:oltl.t. "'"'"'"'<"""' o1 »•lb 'ot ..,¡,;., 
111-d<r.<o<d pMbl<m~" EJ""'- l'n<looi. "" 1 J. pp. ll-•1, 1971. 

j20Jj G. A Kio;;n. "Au<<><noll<d oidt (, ob< prof><itoo <1«i>o.:on W<r." 
''"'· 1"--Q IHC C-f. C¡bmo • S.. .. Bot- ~lA. I'J' J<:I-JO.I. 
Oct. I'ICO. 

1~1 D. H_ Kl<in""'" aod B. Klo;;n""'ll. "D«i'""" '"'"1.><> in > ,.., 
lo'<d '"""'"""""-" /lrlouo, s,-;. •ni !6. pp ~-JC». IWI. 

POli 11- Kun<1o<lh<<, "1-irnil«l k..,._w" •nd inow->nc< pro,.,lion." 
I'.N.< """'"'· ,,¡ H, pp. ll1-ll.l. ttn. 

!XIIII H. C_ K.....-..,lh<, >11<1 P. Sl!t>O:. ·~ P,)<llol....., l'toc«o;,, 
"""··· ,.,... e, __ ~...-• ..,. ... - 1. pp. W-69. kr.) ¡9!a. 

IJ01j 11 C. Kun,...lh<r >nd P. J. 11. ~<r. "J:im""" >n.oi)Y> /o< 
wrnpl« t) "'m" lni<J"Iin& dno ,;p,;., anJ ~"""'~"~" ,-onop<> 
n<no..· iA 1:-I<Jv= c..-. p,¡¡..-, link:.,..., ..t l."" J. 
pp J19-•lt M.,_ 11111. 

!21131 f. t..d, ~. a.,..· •""""- iA ,, ..... ""'"~1 "'"' 
(' """"''"""' ko•c.•n ;.ltol~cd M"- 01od tmr;fi<ol «><><<'h '" 
"""''"'"" 8n¡,.¡, J .. ·'~•""· l..,. 1'>¡,¡..,¡, ,,1, JI, ""· l. PP-
111-111. "'""· 19Jl 

1!1191 E. l_ t .. , ... "'Th< ''""""'"' .-.or.-J ,___, $..-. ,,.,...,_ 
•"'- u."" l. f'l'. Jtt-n~ 1011. 

!liD! E. l. Lon~ •n.l J Ro<h. ·n.. <Ir"~ ..r "-'~"<""'"' """""" '" • 
"''"'" ,.,¡ "" oh< ;n~.;.., o( "'"""l.· J_ •{ ,,,,..,¡,,. "'"' s .. ,,¡ 
,. ... ~<>~ .. wo~. n I>P· 9JI~tJJ. "'s. 

jlllj 11 l. l-t»'IIC .1./-dt.yo~. o;,,,, ll: Ua.• <ñ"=•l•\ .. ~ 
Pl11 ll .._,>d<o ""'A- T<>><l. """""'"" 1"""'1''"'"' >nJ r'•"""' 

""''"·" l'""''~" ., ... _...,...,,J ... ~ 1. rr ~J-11, 19>(1 
!'llj R '-•hb•. "Th< ""'o/ ><mul•lal ol<o.'!.<i,., '"'''" io onlo~"""''" 

........ k-...- 11>< l ............ ~.~.,,.¡_ Sil. pp •l)-l.« '"" ~<1' 
l!l'j k lol*> W P.(',···""'-"'- "ll.h•••~>l no-1<1><-1 "'' "''"" •• 

""""'" ""-"".,. t.. ""''~ ..-.J ,.,,,.,,....,_ • 1 ~. •-""J l!n . 
.. ~ 11. "'' J. rr ¡J:.;•:. ""'"""' 1111 

¡!<51 R '''''" ... 1 n 1 t ..... '''•"'" "'''''""'"" , .. ~ ... ,.,, ,-
~ '"' '" ~ ........... ,- .. . ',, . . . .... "'--'' ......... : 
' " . '. 



.... ,: IIUMI" Df INI_J_ '"'"" """...._-._.... 

p!1] 

1!!1] 

lll~] 

"'" jlJ.I] 

lllll 

lll6] 

lll11 

)llB] 

ll<J] 

{l~] 

ll~ll 

S Lidll<IU1ri11 -J & fodll.>ll. "O. o n.... Y. 'loo K,.,.. MOl'< 
Al"' K""" lot""' Ab<>uo 11'"' Moo:h Th<1 K,..., T" ChJI"". ftrlulo. 
11-. ,..¡_, ,.,r_ !D.I'P- 1~-l~l. 1~11 
_. "T•>i~ r.-.- c,~o~o,.,_. a._ . ....... u-. r,.,¡.... 
,.,r 25, PI'- ~~ .. 111. 19>0. 
c. E. Lit.Jblom. "Th< .o.,,." ~~ •on><l.ll••l o~~ooup·.- /'¡Jo¡;. 
. a ...... .~~ .... .-or ''·I'P· •~1- IM. Srmm.l<~l• . . 
--· n. J....S."""' ., J..,._,~, b,, __ .., ~ 
-""'..¡¡""-. N"' 1"<"~: Fm: "'""" l~l. 
-· ,.__ .,.¿ M...-l.m. t.'~ Y OO.: Bui< -~1m. 
__ . n..-twry- M·i••• r-..._ lio¡k-o...,¡ o.rr~ NI: r­
,,.,.u.n. 1'110. 
U Undlcy. M•l••t D"'"""'· N"" YOtt: 1\"óky,l'lll, 
D Y. Ln.JI<y. A_ l•ml;) • .nJ JI. a .... -.. "'a oh<..._¡¡,.,;,.. 
ol p<obobir.l1 ......._..u." J. ~-.1-. So<. S<ftcs .... •<>l. 
••l. ¡w-11.1'1' l.W...!O.O. lt1'1. 
J. U C. Liul<. "Mo>o;kl> ood "'',..~ 111< ''''"""' ol o d«io;on 
<>1,-,o.,._· """"VRU'nt Sn. >ol 16. M. 9, pp, Jl.ltolo..IIUJ, Apo. 
191(), 

11 C. !.u< u. Ir, "A <ki<ril"'rt ,.,.,.jrl ol i:ol"""''""' ''"""";, 
oh< "'"''"' ol oo~.U...bo=." Dato .....,.., ><o[ ), oo. 1./'f' ll-l6, 

'101)_ 
__ , 1111¡· ;'lf'"""""" ""'"u fool. N'.,. Yoo<: Colun.Oi• Uni•. 
1911. 
-· llntp. 1~ -' u-.. ..... of r~;.,. s_,.,...,,._ N<w Y .. l: ~lct';.,. !lo!!, 1'176. 
11 C. LU<U. Jr. ood N. R. Ni<loon. ""Th< imp.co ol oh< <»ole ol 
iniOJmouon pot,.,noaoion"" lrorrunl ..,..¡ J><fl"'"'""'"'; M"'"'ll'" 
-•• Sn. vol_ 211.. no OO. pp. nJ.'I'JJ. 0..1. 1910. 
E. l. l ..... "oñd M_ K<n<o<lo. ""Th< <ih-1 o1 <osoili>~ .o¡l< ond 
"l"""' '"'"'"'"" ,.,. pcrr,...,_, no. MIS""''" <r>m<qv<n....._" 
"""",._... Su , •ol 25. no 6. f'll 717-m. "'"" 1919. 
D. L¡·on •nJ P. Si,• ;,, -o.,.nin""" <ol '""'•<) ¡nfo"""ion ;nJ 
"'l:lo.·o o.r bo"' '""' '" !''obob<lll) .,..,,...,....,_- A"<<. /'ty</ool, Wlf_ 
~-I'P lll·l'JI. ,.,., 
11. R- M...Cri.._ ond l. K, Sio. ·~t..r.•n¡ u..s.-orr~· !J=-
5<1., ..,¡ S.I'P. 6oll0-705, I"'R 
K. R. M>..<"rion"""' ood R. N. T>)loo, "D<ru;on máin¡ ond 
povhl<m ><N•;""" 1/•..u-J. ..¡ ¡,..¡.,.....,¡ o..t Oti""'""""''' r,_,. 
o-'ok>CI. ~ D. Dun""<l<. .Ed. ~ IL: ll.ud ~I<Noll1, <11. 
ll. PI'- llfl-I•JJ. 1'176. 
A.' l. M..,K;._ ood A. l. Wurin¡. -:('ompk""'1 Mil dccW1>0 
""lún~" '"'""'· Sn., -.oL 25, 1'11· 235---l%. 19.1(1. 
M l. Moboney ond B O. IXM<•nb•<111>, "Poychoiov ol oht. 
,.;..~,., "" '""')>i> o1 prnbl<on oolviDc 1oou. • e_.,,~ n.,-,., · 
-.J R.,, -.ol l.l'f' :129-lll. 111'11. 
s. M>~ñd~ """ s. c. wr-rwn&~><. r..:r •. r.,....,,.,_ "'"" 
YO<l: Norii>-U..tt.lo.r. 191'1. 
l. G. M>r<~ "Jioond,·d ,.,;....,lioy, &ml.,,oioy, and lht mlin.mn1 
<o/ th<li«." 7Jot llrll J. ,¡ E,..,., Wlf_ 10. pp 111-1101. !91• 
J G Mudo aod J_ P. Ol><a. "Ambit,O.:<) ....J o...._..¡, Or.._..;o. 
,;.,; u.,;.mon.ro.-. ••19-
k o_ M•- ...,¡ L 1. Mo~rcfl, "A fll"''"" lor on.orr+. "" 
m>n>&<""'"' jnl""''"';"" >J•O<m&," 11"""1<"'''"' Sn, Wll. 1•."" 
}, PI' al~-·lll. l•ll. 
R. O ~~""" ....r E. B 5~ """"'· EA_ 1/.....,,_ foT ""'""1'"' 
- ......__ ll.<...r.,.. I.IA: Aoldi_ ... ....,.. 1911. • 
A. ).1. M<Co.I:J ..r M S. Monoo, M-~ S­
S.-..r. N.,. Y"'k: Uol>lcd. I•JJ. 
C. O. M,<;,,,._....,¡ R RodO<r, """"'"' oU o.,...,:olloo. 
ll""""'td.oo.o Nonh-II.~Llnd. l'fll-
1. L ~kK«D<J ond p_ G. W. K..._ ·11- ........... •..,;ooJ¡ 
... 1·; u .... -.t '"' J~o-o • ...r 11 • .., 1. PI'· 111-90, M•1/lunt 
1!/U . 
... l. Mo'll>n", l'olH,- A""~"' ;. W ,.,,..;,.....,:, Jkol<looy, 
U"''"· ('oJ;I. 1916. . . 
J A. ~lo;ho,.,Ul_G_I_ EIJl-.....r L F. W, fl<KI<tk./1-..,.¡ o(,..,,._,..,, •<>~~ 1 _, IL N"' y,.¡· K.•Oio·floa.-1, 1919_ 
C. Moll<f •nd A.. P. S-"". "A ,..,¡,.._,¡,.,_, lo>< '"" n>luo1i<"' ,.¡ 
"'" " h •n.l .., .. ~,'""'" o P"'i"''• • ..,¡ "'"'' •• ,,-,~ ''""'"" • n ... -•· ..... - e""""" . t:lf<. 1.-... . ,,.¡ 1 .... 1. PP lll-llt J .... ~~·•. 
11 M>nll""l. "l'l>n<>in¡ "" llw Id• ...,¡ no.11u;i0f, ..., llw ri¡I>L" 
//"" ~·ol ... _ ""'" .. ~ ~- PP. ... ,&_ 1'<16. 
11 ~!•n_11bn'- n R .. ~n¡Nou. ''"' ..._ 1M•<<. ""Th< o1tu..'->< oC 
~"'"'" ourr.l ~";""" f'''""'L" Aol""•- So. o-.. ,ur_ ll, ~P. 
2<~·Hl.l<m< 1~1~. 
1! ~lin11bn~ ·s....,·o- ;. l'o: A oJIII)ni.o <1 11o< 10<'11\h "" 
... ~"'-o! dnq,o.; .11-.. .. .., Sn .... ~ ""- ), rp. Jll-

'"'' 
(2171 

{1S~I 

12C.OJ 

{161] 

ll6l] 

12•11 

ll641 

126!] 

P661 

'"" 
[2711 

¡2121 

"' 
l•l. M>f. 19W 
w. M ... hc~ -r-.. J o ..,..;~"' ""';,¡ "'""''1''"'¡,,.,on or 
pa><><Wboy," /'ndw/_JI,... • ..,¡ 10, 1'1' l'<l---lU. l~JJ 
~· /'...-n- A••"-· Nc>o. \'orl: Wok>, ••-'~~-
__ , "'o '"" inltr!..,-.. ol """'""" and !'<"""'"'" lk>on~ <h< 1"''"'""'""''¡"" ~,~o.;,.;""'· /'•¡>-loul, •ol l4. rP· l-'<1·7~. 
1979. . 
1- ~lloroll. J Ncbr.. >od R. O. }l»oft. ·o..""'"'"""'"' m"~ ;.,...,.,,;,., 'J""-. ·M'"'' ,.,. Sri.. -.oL ll, no <. rp. 111- 111. 
O«_ 19" 
J. l. M,llo/1 >nd k 11 Ki"""""- "Soori<> ,.,,.,,,., lrll A n<-.. 
Oool 1<>< "'&'"'1>""~ [>Milkm ..,¡""'-" J/ ""/'""'"' R= , 'ol. 
64. no l, pP, IJ-l', U¡· 1'17S. 
L l. ~!ll<..tl 00o1 JI. U KoJnu-. Ml'Ju.J.l '".,¡ o>f'J"nk/on lo 
- ,..,,_. s.n r,.,..;,.,. CA' r....., ~W>. •ot J.l . .., t. 
Sor<. 1979 
1 J_ Molloll &nd R. Q 1-!;unn. "S<ruc<orin' >ll·!!ru<<oocd pobn 
i"'-'<o: forohtr .,plo>o:o:io>no io o OO<Oh.>.l<>io!)' 1<>< no<») p!~\oonu." 
s .. ..,..,..M.,.,,__,,¡ J.pp.Jlt-}-11. r•w 
1!. M""''""""IJ' ><>d 0. S><"'""-~ J«•'""' "'k1 >n./ oniMOU• 

'""' r•""'..;"~ '""'~''"" ¡., '"""" '"""" '""'"'""~"« ,¡,.,.,. uvn; S<o"Jo""'''"" J. /'•J ,¡,.,¡., ,,¡_ 1 J, no 4, pp lil- m. ¡q¡~ 
P. A Morri>, "0.-..i ..... V~>~¡ k• "1"'" ,.,._- M,..,,_.,..., s,. 
. ...r_ :00, no. •• PI' lll)•llOI, M'J' 191._ 
M_ S. S. ¡,¡.,.,..,_ M..,._.._.,.......,_ '-""'"'' C_,.uln ¡.,,¿ 
,..,,_. ¡., Jt.uo .. ..,,,.,_ c...moo~. MA: lt.,..,,d u ... , 
1911 
M_ Mo;kowiiZ. R. E. S-lu..r ... •od K. ll<><<h<hhn~ "ln•"on.J><y 

<o1 n'"""&M&J P!¡,mc•u·. 1 ""'"""""'' lo.- '~nlor""""" '}"''"'·" 
Omtp, ""- •• - 1. 1 ~ lll-1-111, lf16. 
H Mo.~o-o'"- "R<t"·""" noookb DI b<hn101 1"' """"''n.r 
d<c,;.,., '"'lin'-" n,, In¡ J_ oj )/"""'''"""'So., •ol l, no!, pp 
617-6'10, 1,74, 1 
/_ ~!"m,.,.~•. V. y,;,., •nd K. R. lbm"""'<i, •s..;.n.,foo ,.¡,.,,..,. 
oion. ""'al .,¡.,.. and ¡oof.g ¡.,....,.¡.,"-." IH! T••"' S¡"'""· 
.,,.., e¡,._.,,.¡ s~:.:-9.pp •6-0-~l~. "" 
E. D. N.om•rl<;"Cuo¡onl """' ol [o!'m>\ ''~"''"""" r<><>t•h." 
JI""'. D.wlup....,, ..,¡_ ll, I'P. W-67, 1919 
11 JO N<>h<ll • .,.¡ ·,. O. Wibo;on. "T dlinl """' <hon oc <>n lno•: 
V<thol «po<U"" mrnl.d """"....," f•!•-Ó<>I"S~.t /1...,_, •ol. M, 
"" 1. f'll. lll-ll9, M.,- \1171_ 
R. No>h<ll •nd L kou./1,_. l'lfm•"' S'"'""" ooJ S~"'""'"­
'" V of .~"""/ JIJI<"'"'· En¡,i<~«<OI Cloll~ NJ: PocnU«·IhJ~ 
/9¡¡Q, • 
M_ N"">l->l>. "N"' ldr .. U. o..;.;.., Throl}'." IN_ J. JI,.. 
., ... _ s1 .. ..., s...-.. vo1 r r. ~'~'· 11l-2J.4. ••19 
P. C_ Nuo~ "lnn..,,... o/' o~<a,;o., "-'"' ,., "" ol &.o~cn 
nond<l•." r .. ~. F"'"'""'~l SocW ("lwop, Wll._ 1., pp ll·9l, 
191'1. ' ' 1 
P. c. Nr>'""" .,.¡ W. 11- StvW<I!, 11~ of O<roo•c,u....,¡ 
O..."p, ..,¡, 1 and 11. N.-.. Y<ri: O.S"'d u,,_ i9JI. 
C. A. O'lldly, 1!1 "'Thr inl<'rn.>l,.,.,.¡ ~ .. <orl><>n <o/ iof"""llion oo 

cr~•niuL;.,,¡ """"'"""•'""'· A lob&•<"') onol (,<Id '"""'&'' 
oion. ¡¡.,,. Ro•lo'"''"· .U l l. ""- 1. P'· 111-19), o•Jt 
C. W. r .. • •• ,.. rnnn.,! rc>Oio""" ,·lino.-.. ..-1; 1 c~u­
lln .. ..,¡_ J,""' L pp. l<-111, S<po_ 1911 
C. w_ P•rl;, ·A ...,"" po;.., "'k ""' • .In"'"" ...U..•"• ~nopl•ll· 
'"' dooK~ >1<>~: An "'f""'>IOOOI..dol.,¡ "".r~'"' pi., n~.r<l." 
Ch-. Bfflot<o. 1/ww_ 1\•f"'"'- ,,¡_ l<. pp 212-lll, 1911. 

l_ w. P•)'111'. "lll"'"'u" "'""'""'""''" o~o_~,.¡.,. ''"'"'"' """" 
riot.O u,......,,. """"" n>l d ...... ._" I'>J ·...... lw/1 •ol 110. 
.... 6. PP. •Jt-•)J. 1'171 . 
__ , "Tn• """PI<•ily .,.¡ ""'""'"" po .. <»in& in d«uion 
m"'";"'' An in/"'""'""' ..-..-<!. '"" P'"'"'"' '"'1¡~•." o,,~ •. 
8.~ .... u ..... p.,¡ ..... _. •»~ ••. 1'11· l""· )17, •• 16_ 
J., W, Po)O<, M_ L Br>on.><•"- ,,..¡ 1 S. Corroll. "[•p~onn& 
p«oo"i'iooul ho:b>-.-;,: .... >11<11>.1~" '~'~""" ... d<n....., "' 
.... ,<h.-'"~·- 11.1wr. u-.'""""'·"~- 22. PI' n .... t•J' 
1 W, P•¡to<, D. l_ t;oo¡hh"'n.""' k (''""'· "T'""''"M ol 
"'"'hloor ....., "P;,.,;,.., k~<l <ll«b •~ n•b· <h•""' O..h,.,,~; 
ll"""""'"'"' -~', ,,¡ !<..'"' IO.pp l~l•- IIMI. 0..-o. 19'-'1 
l . ._.._ P>Jn<, ·¡-....,;.., fii-'<>MAa '"""'l: s,..., """'l'" •od 
'"'""'"'' •['11lor..i '" ..,.,_,,;,-., ..,...,,-1\; ;. IV<"''" t ''"'""' ,. 
n,.,. ~.,¡ ¡¡,,.,,.. Ro-lo.oo '"'· T_ S. Wolh«n. I-d 1!.11-J•I<. SI: 
t.~r ... ;< Erlb"""'"'"· rl' 9S-116. ••~'~~ 
S l'<n!l.r and R. IJ.o>li•. "M..Xlo ,.¡ JU"' .s.-,-;,;oo n>>l;n~- 11 
cri<ic.J rm..; f'l1,¡.,¡. -· ..,¡_ 16. 00- 1, I'P .. :.<•1. Moy 
191'1. . 



'" 

""' 

w. D .. l't,.uult ....! 1'. 11. ~- "('_.rlOJ nllli.otuihool• '""' <Of f'loMinl lll<l dcri.loa "'f'PP'' •Y>'.....,. c..;... Elit. 
<uluotion pr"'m m<>J<lo, • ........ , s.;., tol ;!2, no. •· pp. Ul-4ll, f:••-· "~- !, no. l, p~. 17·111!. /uoe "11. . · 
¡.~.,.., 1917. , , CJIDI R. K. :¡.rin, A. S.:- ..W 1(. Hair, "l!o.lluolil'lf, fi""''><>'o'lo 
<l. 1'. l'itt.:l. Ho<obodt. 111<1 N. l. Sod., "AMNIOf !1M uli~l~ of """' d<d>lno u>!)"" ll:l:t r-. S¡1! • .v .. , C)tmo., ool. 
mulliou,..)ou10 utihty ,.,........, •• ·o.,.... ltltn. ¡¡..,_ r,q,..,,, S~IC'·'·"" 2, r;t. ll,•IJI, F<ll. lf1L 
tul. 26, pp 6/-110, 191!0. [JIII Cl. 11. Souo.kn Ulll l. L S...IOn. "P<ntiOIO~I~ u lnlluct>Cill& 
c. a. l'lot~ "A''"''""" ,...¡¡¡ <"'*' ........,., ...,. ........... ...,¡ '"""""'" ~ no.ol:io'I."Gopoo • ..,...._u-.,..,_.._ >01. 21, 
IBI<Ipll'l>l'-." A,., J. /'.,b¡_ Sn. o<11. ln, pp. 111·1'1&, lfll. J'P."!~I-111, Apt. 19n. • . ' \ , 
C. R. Plott onol M. E. L<>'inc. "A. "">d<l .,¡ o&<!>do lnno<"« on lllll E.. 11. S<hoio, O,U.I:dl¡,.,¡ l'J¡<Ao/orr. En¡l.,.<>od Oltb. NI: 
,.,,..,Nur .. lt<:~>IPII>," A_,., Etu... k<, •~L P, no. I.J~P< 1~6- UO, · ' Pt<lloio. ... lloU; 1911. '· • • . · 
Mot. 1'/'IL · ', ' .llUI \\', S.iulcio.l« Ulll "- N. Shalli11, "C""111>11od ..,.¡' o ...... tio: 
M. l. Poo.n<t, r"~"'/1"": .Jo (nuotJ>."""· .i:Jkn...,., 11.: S.:o11 l••m.m inr,..,..,...., ~fiJ' D«cct~n "''"'b llnd ou ... tion." 
f<>t<>m•n. l91l. p,.,~.~-11'"· ml,-~,l'fL 1-46, 1971. . • , . . 
ll. S. Quado, .iOOI{l·•ll ¡.. h:olit c.,.,..,., Ncw.YaclÍ: tl>ni.-r, [114[ V. J. s.-t......w.a·....r IL C', K.-.bd. ".lo o.,..;,..,...,.,...,. 
19l.L . • •• ol ............ .sm.w....,- J~ ~gJ.., J"'"""""· Wll 46, ....... "pp. 
E. S. Qu•~< .. d G. M;ja0<, l'i<PJ/o uf .i...t¡•11o .. No..- Yort: .. · Ml.l-6111. 1919. , . 
Wilc)',l9110. [lllJ P. l. S..·h...,lll>~<t, l.~•" • o.. u...., ¡¡,.., ~Id. 1Joo 
R. A. R><kllrt, " ... llltol}- d ,.,_, mii<Y.al." 1'11rll. -'""·· Wll t"!ffflal t' ... ¡¡-11,.....,._ ......... ~V.: ~l>lli<M Nijbo/1, IMO. 
I<J, Pll- ~9-IQI, 1971. [ll6l L. r. S..hr<t~\.. "Aldina rhr ol<riolocl m>kor-" .¡..,;.;.., P"'"'" 
u. Roill•. Om'l"" A,..r1-1ro. Rnoli"'- ~V.: Addioon-W<<\q,. '""1<1." f,...-,..rif-o, ""- ll. r.o. •· pp. .Ml-JJ7, 1969. 
1?61. · • [liT[ P. R. S..·holnua. "~lll poli<y ..W.lof,: N .... _.,.¡ .. 

,~, 

[liiJ 

[lll[ 

,~, 

[1Jl[ 

o. w. R.IW •od ... _ •- ~-·o. -.....a ro. dccbloa .- .,....., .. ,. ,.,...s.v..· A-.,.._ sn. 1tt1>. u 69, ..._ 4. pp. 
""""~rinJ. • ¡.,, J. S¡·11. Sn., 1-ol 11, ""· 1, pp. ll·JI, liJO, lll'·ll10, 0..:. 191!. , .• 
-· "On d'ci1ion ol<•otlon """'"'"' nl<'dola," /.,,J. PtJI•cy [JI~l R. L S.hula aool D. P. Sl<•ho, /oop/n>-tiiiJ ~ 
Aow/¡"111, ¡.¡.,.,. S¡·u .. .-ol. 4, ""- 1.1111. JJ-11, 1910. ~-~M-,.._,.wo-, N...- YO<\. a..-.-let, lt!S. 
11.. ti. lt .. ,.,"- ·o;,.¡ .. ,;an"' ._., oo a c!«l>ioa ndo lor d.lty [l 19) f. P. So.'ioli. lr. •1111 T. J. Ct.>l:, Uorr...JIIIork• ¡., .-4..rp¡,q hM< 
c!l<>icc,• A<l~ l'•¡·rl~-• •al. 40. pp. ltll-110, 1976. ,.,,¡¡,,._ l.c.;naton. MA: l.,.inaton Dooko, 1971. . \ 

[Z~~), F. ll lhn¡·:u-J, "IU>ky d<>Í1IOn> ~hich ,;,¡_,,. traou/ll•lly onol [llll) O. 5hol<t, A M.,.._ "'-7 <1{ !:<-. ~ NI: 1 
doloblt ~u.n-,~ ,-~.,.. f'r,¡riNI • .-. 41, ..... ._ PP. «9-.09, Pri""'Wfl uo1. 1m • · • · · 
On. 1971. · [lll) J. SI"""'" .,;;,.,,.-, Anoloncn. "lnlc¡raLIDn lbcot}'. "!'1'11•4 io 

[l'lll) L. Roppopo" ond D. "- Sun•...,._ //'"'"'" IWJ-o• •• Sorio/ )""J."~"" ol lhr •oloo or iolot.,."""-" J. ~- l'lfdlol~ •ol. 92, 
/ot<tu<'t<..U. N"" Yar~: /lol~ Rhiothon. ~'"'""'- IJll. no. :L PP. 166-lll, 1912. , 

(l91! l. a..,¡,_ .-4 Tll"'?" .,¡ ¡..,,i«. Combti..!v, ~V.; 11..-.>nl Uoi>'Ofo [lll) J. Slunl< .. , "Dactlpri"' """" norm&tl.-c mool<b <,f a<q~><~>tlal 
1 ai11, 1911. •· inl'"'"'"judl""nt,'/, E,,,..,, '<>-.looi., ""'- 9l, ""- 1, pp. U-61, 

[192) D. RM<y &1ld W. Tou:~~t, -~''"''"rlna '"""'1"'' aUnd.: lb< 1911. ··~< 
.,,..,.,...., <,f >1\k ·,. hunun inlonD>Iiot\ pto<co>lq.~ A""""vof (Jll) -· "CO<I.....,ICDl pcocnonlo N.i.ydod•lao ~-¡_E.,.. . 

[116[ 

[lll[ 

¡m¡ 

. 11~""1"'"""' -'"-'-- lO 1>< publil.htd. P11 .-~oJ .. YGI. IOl, no. ._ pP- f>Nl~91, 1914. 
[l9J[ l. M R .. bin><>n, Dr.-"'"" Moli•t O. U...., l'hw>i•l· D<mly [)24) ........_·. "Th< conttpl ol .,,.¡,_cu In judam<nl •lid dodai .. ..w.Jna: 

l!llb., CA: 5.>1< l'ub., l~ll. ............. olld -lnllfyi .. plOI ol•" '""'"Acr. •J~, 
[H-4[ J. l<liltb>"'h aiOd ~- Wdll, "hod1.J0<11l on>l_:t111 lo polic)- ¡.,.._. l'ol>.,-, Rop. lll, lul11N0. • 

tio><~: A n....- m<lhoo.l fot I"'P'""Í"J p•bli< po:Uclpo(ian," l'tJ/Jir · [ll!l) fl. A. sr,·lw¡o. l. Ja<tonl, onoll. lacoby, "l'tt/01cn011, Mordo. ond 
Of¡o. QlliN, vnl. 41. no, •· pp.l21-SJl. WiA1<1 19"11. <hai<<: Ao lntc¡tolk-o __..,.J. e- -'•• vd..ll. pp. 

[l91[ J. llollrbauJ.b. "lm¡or.,.·IIIJ lh< Qu4lil' ol lofO'IP jvd¡mrn<: $oriol 16l·ll•. ScpL 19lt. · 
jW¡.noont on>l)ai""" ,.,. D.~phliCdoiq..., • o.-,.... a..; ... u-. [l:UJ J. M. Sh<potd ond T. a. H""'lond, r •• -cood"'....,- ,~~co.,., 
1'<1/<~'no., •oll4, pp. ll-92. ¡979, 'Compi<AUIU' or '<om¡>lc-oa•pnir&llon..'" A......., <( UCNfv-

[2~1 ~~- Rot<Oo:h, -,, ¡.¡~,,.,. .¡ u- t'u/un. N.., Yoc'a: Fno -~->d. l. oo. )...,._ '1l-4l1,Ju11 ltl&. 
p,..._ l9l). . [ll"!) R. ~~- Shirtria """ w. Sdln<I.Xr, ~ Ond --·le 

[l9ll E. ll...m 01111 B. 8. l.loyd. U.. C•J•I•I.., .....t C<n<f"'':"'""'· human Jnlotlll>lil>tl pto<n>i"l' 11 Ptm:pliiOI 1<arn1n¡, .. lo>niOilc : 
llillao.lol<, NI: l.o~un« l'.llb>~•• ""-· 1911. •lltndin¡ 01111 o ¡cMt>l "-Y." h)'dool. R.n. >d. 1.4, 1'1'- 117• 

l~ll 1. L. 11."""'¡,.¡ on.l a. 1. Zim.._......._ S<>riet ¡..,.¡,,~,.¡e,.._ 11111. 1971. 
"""· N"" Y ..... Mad<OIÍ< p....._ lf71. ' 1)131 S. M. Sh•IM- "Tho-t o(_tblnkln¡." J. c...,_lln.. ..,¡_ 7. pp. 

Jl99l w. a. ~~o .... s_.,,. .. ~ f•JI,..-m~, M...lr~ <>! u.,.;,-,lt•.-1.1..- '19-lll. 1910. · · 
¡.,..,...,;..,, N...- Yoñ: NMb llo&r..l, liJO. [Jl9[ C. JI. Shom•oJ,P.Iol. ~labcr,lol. llii>Ur, W, 1!. Soao.ka-,A.lL 

lJOOI T. L. s..,~. n. ........,.,,.. ~ ........ .,. ,_...,, ""-""l· f'<iorlt)l 11..,. .. ,.; .. """ A L a.u.o~o ·o.rr .... dodaloro--11141"' ;, 
'"'""1· "'"'''" on,~¡;..,_ N...- Y«<-., M•-<lrow·llil~ 19110. !Un-a«hi<ol orJ,>olnlk>OO: "" empiri<ol n>n~inotloo. ~ M•""V 

[lOIJ A. P. S.¡c, -~""'"" .,,,, • .....,o,r. U<t~" 11-.1 "''p/1""1""'· ..,., Srl, <101. ll, ,., 6. pp. ,91· "1111, Fcb. ltlS. 
N..- Yart.: IEIE. Wilo)-, 1'171. o IJJOL ll A Sil-. ·~ ond ~ktliblxod U. ~ dwo<o¡hi: 

[JOl) -· .llttlt..Jalvro• ¡., ¡,pi<Oh lf''""'· N.,. Yort, ~lc(l,..... Maalc:al lhln~lo& io judporn" •"ooul p<o ·-oliiJt c-. A,.,W 
Hil~ 1~"- • 1"~ .. .... t 1a. PP. 6JJ-6lll. 1m. 

[lOll A. P. S.¡c on.l O. W. ll11J>U. "'o ll>t t.-.1< ol ""''"""' it1 polic)- [lliJ _·. "kclhinkliiJ .,.¡..,. 01111 ~'7 lheol)', a alk>1.., 
..wy.i>an.lck,¡.¡,,. .,..¡,¡ • ._·J. W. S..th<"""1 Ed., u,...,.- ..,;...,iooo of '"" -d......., ~-" E.-., ..a. l, l'fL 
U""""'•.t.. f...- l'o.N¡< A.m.-...,_,.¡¡,.._ N,...- York: Von NOlttud, ·17'1-l!l. 1!19. . -· .. " 
Roi<\lnot.l, 1~1!, pp. 568-~ [Jll[ -· Ed., FohihltJ,../J-1~ -..,¡ ~- S... p,.._ 

[JO.I) A P. S.l< onol l.'. B Whi10. •M<l~~Al.-...'tln f..- Nk 01ld h:l:md ~CA: J-.y ...... lfJG. - , · 
.....,.""'"" A .... .,. onJ ,.,, .. upor~ • ln:t: r,...,. 5)11 . . u .... ·. lllll R. s. S•<tl<<. ·nuor ..,..u of oosn~u .. tk>dop'""'~- Copl<..-• 
c.toro-~ .. ,,,¡ s~K-10. nn. '· ~P- •JS-4-16, ""'- 19~ ,.,_.,,,;_ •·ol. a. pp. •11-J~ lt16. . • · · 

llOJJ A 1'. S.•J•. "llo:.,J<w• r~r •>•""" <n,in«rinl nr ... ·•tion. ~./n:t [ll-lJ n. A. ~mon. .-4J...U""'"" ........ N""' Y""'- ~t..Mo!WI. 
T,_, So" ,1/oo, f'llocvw • .,¡_ 10. oo. ll. 1'1'- lll-1.0. 1)0<. 1'110. ltsl. · 

[lOO) -· ·n.·~._., 1.~ "1'';,...¡ inf"""''""' fohtr>," In P. C. N)>lmm [ll!) --· -n.: '""""'""' cqui••lm« o1 r•obl-m aol>i"& okilb." 
•nJ 11'. l! Sw~"'•· 1'.,1,.., Uo~•lollwl •( o.-1""''"''"""' /J<,)JJt. r 01,.¡,;,-.l',¡rlltJ/. ""'- 1. pp.. :N·ll._ 19U. · • 
N...- Y<><l' o,r,,,J Un;,.~,.;~. l>nl, pp. 11»-lll. [JU) _, "F111111 -~•"' .,...._...r...r .,.~1,· la ,u,.,¡,J 

!XI?l -· --s,.,., .. rnpn«rin,, F~""""'"""' ~,.¡h on..l lot~" - ....S _.,_¡ lo t<-n. · Sprio J, Lollis. r.r.- N...- Yool; 
•1"'"1>. ~ /f/1: P"''" •~1. w . ..,, :. rr- llJ-ll>li. r.b. 1n1. · C'anlorilla< Uo.i•., pp. ll9-r•l. rnr.. · 

POIII ~· ~M"'•"'•~•o¡.i••l <""-'iJm.ti.o., in thc lk~¡n d lo•J• """" [llll 11. s;man ollll l 11"""- ·M,oddin& llt•ltU >llilto 1.o • pro>bkro-
"~"'"" ml!:wrina p.,-.,-..,..,,- la '""-"" Suolo- s.,,_, \". llaima.. >ooh-lq 1»k," Co¡¡ou..., ~J.J • ...t 1, pp. 16-.,, 1916. 
Ed. N"" ,., 11: s.~,~-11-~l.on.l. IOJl, . . [lll) ll A. 51....._ "R"im.llilJ., f>U'«>IOl\J .. ~"""'"-1 ofd••t¡h~· 

[JO'!), ~.~A 1. ,,hru.,o~•,l<•l frJR><"O"'. l~t thf okoiJ<I •nJ cvol- A o ... to ... ~.-..vol.~..,_ 2, pp. 1·16, M•J I~Tt.. 

.1 -- --~·-- ---------~· 



-~----··-->!ODPIII!'ISI>J 
l'l•l -·-o..- oo ok<iol< oi»l 10 do.- 111111., /.nM., ,.,¡, 10. ~P-

~•4-)111, IV!~. • 
l-~ _, M...HJ .¡ l'lkooJ.!I. l#w llo>n~. CT, ':>lo Ulli>ml11, 

. ''"'· . . ' J'4 11 , "ll01lanol n.,.¡,¡.,. Malin1 i~ n"'l..,. Olpm.a~kw," 
· ¡,:.-:;;:t..,. lln· .. ""-~;.no. 4,"" m-m. 5<p~ cm. 

1":1 -· ·¡~f''""'"'"" r,......·~ """""'O( ""nilion." """· .<r"'. 
rJP~N~ .. ,..._ :10. rr- 16.1-l~ 1 ,,;_ 

P~·'l -· -n .. ¡,.,¡,.,;,...¡ •od oodoJ .a.-.· sn • ..,¡,m.""· 
n-7•. 1u1y c•JU. 

1"'1 -· "'C'"l:MiV< """""' Th< ,....,1 odtfl« a( U.. on;fo<iol," 
r"~"''" • sn .. '"'· ~- rr. ll-4f>. liNIO. 

1'-~'l r_ $1.>.1< onJ S- li.·h1,.,.,.;,., "'(',"""'ri""' O( B>)....U. ..r rtV<>­
,;m oppu<><k>"' tk """~ <>1 in/•~'""¡,., P""""'""~juduntnl," 
o.,.m n,~,.._-. ¡¡..,,_ r . .,¡.,..,_ ''"- ~- rr- ""~-144, IYll. 

IJ#I P. ~. "1'>)>-hni<'Jk.ol """Y d ~""""' jud""""" l"'flli<•olc>lu ... ¡,,...,...,.,,¡m,-...,,.,¡·, ... -J.,, ....... ""'· 11. no. 4, pp. 
Jlt-199. ~pi. 191~. 

J:Wll r. Sbri<:.l> ,.,...,.,,.,, ..-.1 w. S. n,u ... .., • An;¡)¡1i .. lllo -- ot 
tnlon"'l""' in .. ,..,.,., ~ .... nui.••J: A lh<t~rol 
l""f'<'<-01." J. B,.., "~ 4l. 110. l, pp. l!J-lUI, 1911. 

IHII 1'. Sk>-.·i<, D. Fi .. hho>ll. ond S. LkM<O>..,io, "fln..>lol.ol <lo:d.Joo 
.-y,· A••· !In•. ,,..,¡,¡ __ vol ~ pp. 1-Jt. ¡9n. 

jJ-491 E. R. Smillo ond f, D Mil!ot, "Umiu o/ p<<o:<plion d "''"ili>·o 
P""'....,o; A r.-¡>1,• t~ Ni>b<ll ond Wiboo," I'IJ·o~ol. /ltG, <01. U, 
pp..JSS-Ul, 19ll •: 

(l.IOI u. T. Srnllll W l. R. G. o....._ E.ds. //,.,.. ~,.,...¡., .,,A 
""""""'' N...- Y ~!k·. ¡\t..tcnoic Pm., 19110. 

¡m) 1. "'· Snincts. ·¡,d.,..,nll of ~!Utl< ....,11: ll.f...-nna 
11or ~~ ....s pt<dk<•na 11or , .. ,....- J, c.y...I'I)•IW, """6.""' 4, 
pp. 69!•706, 19110. 

!l!l) M. Sn¡d« and S. 11'. Uoo""~i<>. "Roc,n,t~~~<olnt tbo pul' Somo 
qn;,¡.,.. """""""""'o( P<'- p<I«'Jl ...... J. p.,....¡¡ry""" 
s,.,.;,¡ r._rrlqol .. "" 11. pp. 9-11-9~ 1971. 

¡lll) ~- O. Sodb<<¡. "U"P"'~'""'"'.-.J o,,;..,. ""kinJ," Siw. u .... ,... 
- ~- l'fll. i, pp. l9ol9, 1967, 

lll-1) L Sobo., Co¡:'"'"" 1'>!~-- N..,. \"oo-k' ll•rr<>~~n Btaoc 
''"'•na•i<h, 1~7~. 

JJ!I C. S. S,.lllcr lflll C. A. '"" floblioo, "Pt<b>hill!y <n<J>din¡ lo 
dm.loo-t on.o!r>i"'" .1.1 ... , ........ S<t • ..,¡_ ll, 110. 1, ,p. UO·l!~. 

· No•·- 191!. · ' 
[).161 11.. Ji. SP"IO<, Ir. ood ll.l, \\'•toen. MlS<on<tpl>: PUU I....S JI, 

J, <f S¡·- M._,.....,,,.,¡, :!6. ""- 1, p¡o.l-1·17, .._ 1, pp. 
lS-olll, 197!. ' ' 

/U7J W. H. Slorh•<~. "Or~>niloti<>no ...S lh<it cnvl-1>" In M. 
Punr><ltc. Ed .• ¡¡..-.,¡, o{ 1~ l'•¡>ltolo>p-.. ~ IL: 
llW M<Natly. 1Yl6, pp. 1069-llll. ' 

!l!!) M. K. S1•N ond M :l<kny, M•iliplt Clih~io ~ ¡,¡,.¡,¡.,. 
N<"W Yo<t: Eb<-.~·t, IYJ7. ' 

!Jlt) 1. o. s..~ no. c,,.......,kn.-..,· .¡ o.n.; ... Ptin¡<•OA. 
NI: rn"'"""" Ur.•<r.itr. 1914. 

(l601 ll l S«mbo:fl. }'«•,.......,. P"><'<"C> in ..wo¡'al .......,;..,• 
I'IJ>~ 11.,., .. , .. ~.14.""' 4. pp. Ul-17 •• 1911. 

· [)fo!J E. Sl<>ley ond N. R. l<<"lhou><r, A """'" /"' I',J"~ AN!/¡~1•. 
N.._· Y<11k: W, W. ""''""· 1971. ' . 

!l6lJ c . ..._ s- ....s ~t c. o.¡. "('""""" ......... ....s ""''­
-· ,or>l lllo <h"""'''"'" ao d fotmol llp<lo1im>1 ol<~ll. • 
"""'· lko-<~<'i"'•"''· "''- !1, pp. llJ·lll, 1~110. 

ll6lJ J, 1\', S..obmand, 1!4 . M-- ,_.,. fw l'tlib6< A••oko 
.-. N... Y<ñ: Y .. Nn.tnod. !nt, 

J.l64J O,$>""""'-""' onif¡in~ in"'P"'""'" o/ ~'olf,•r<nl '""'d• loo- 11>t 
int<¡WÍOQ PI ln!NO"'Ii<IQ ~l>tn <>olu.uin¡ """*'-" J<oJ.i. J, 

'."\ "l'l)o/W.: >'o/. 1~, pp. "1·19:!, 197j. 
jl6!) t 5"-n- ·r, .... .., .. ~'''"irlio>na d d,·<llion mo~in~· ~·-

,.-...,., u,.,_ r.~¡,~ .... 101 v. ""· ~~t-111 197t. · • • 
~~ W. 1-1. lo""'. Ir .• '""'"""""'S""""' A o ¡.,,.,.¡,n_,. c..,. 

,...,... loo o,¡:..._·~""'" n,.,,., ~lA: ¡\U,>n on<l "''""· 1~-'0. 
IJ117) W, M. T>U"''· 11. >nJ ~1. O, TI•"'P· "11 >Un<')' afinlot .... IÍI.>II 

m¡•lrtm<nl> ,...,¡¡·.;, 1<•'1-voiq...._- c...,......, J....-.,1, •'o/. 9, "" 
•. ""'m-~ tvn. . 

[l6~1 ll N. T,¡·lor on<l ~1. n. D!Jnn<tl<, "ll<loli" <t>ntnb,¡l;,n ol 
o~t.¡.,¡..., . ..,r.,, .,,;,,.,.., "' d.,..,.;., f'l·~ ........ 0<1-........... 
~~-- l'wf-. •"'- ·~- 1'1> ~06-~. 1974. 

,,w¡ 11. N. To¡l,.. ·r.1 .-¡,~,,_,..;,¡ J"'""'"'"'' o( h<>unJ,J '-li•"••l\or. 
lropl~-""'"' 1.~ d,-.-;,;,,.m.r.;n1 """''""" • ¡¡,.,,..,. s.,. •"'- 16. 
I'JI. -11111·4!9. 1 V1!. 

ll101 1'. T<mia, ·~1<1<1..~ ul h..·ha~;oo-," J . .¡¡:,.,..,~ . .¡,_ uoJ OtK••·• 

. ,.-.,- .. ·.~·-· !' 
••• .~\ 611 ___ .- 1 • • • 

,,¡_ 1, ~p. IU-1~1. 19'0. _.·) . ' ¡ 
11711 R.Th>.ltt,""T.,..u.Jo¡.....;d,..u.....,-of ........... <hoio:.~l:.,... j 

........ ~~ .. ~. l."'· l. M'· )9-110. ~ .... ·~ ' 
111:1 w. '""""',.., --ur..:i<o• J,~'"'"' l>tuti>ti<o. • a.•. Sn~ ••~- :)), .! 

no. J. pp. !1'1-l2S. ~~.. •. 19lll, . 1 
(l1lJ ~1. To>4 "Thc: ...... ;,¡,.,PI"-_, 11 P<'f>I'C'<'Iil't," lor. J. G.--.¡1 [ 

S¡-•lrml, >'fll. l, PP· 1~- N•. 1~76. 

1 
[17-1) -· "1!.-hot ll"f'f'<'ll> ol ..... ~¡,_,, <0/ p,-¡.;,-.,~ M01~ Dcci­

- fmoticons ...r \'f!lil;....." io 11 __ ,._,..., II""-1•~- L 
~1J.l.1)>U_._....s 1-"'· 10'1><,1!4~ •-..l. l. 8.>-J;fo...., S..~J,-.: · 
Puo, JVIIO. 

11711 -·...,_,.,...S....., ...... ....a.lft¡," Ano. ,.,do/., >ol4S. 
. PP· lll-1 lJ, IWO. . 

jl16) S. l'nulnion, 11.. Rl<lo o :>o! A. lonil,Ao /oln>ol-..h"" 1>1 ~""'"""1· 
N .... \'<'<i: ~txMIIlm. J~N. 

1 

[l11] L. Jt. Tlior. "M;,.-1 ""''~-." Arul>>io"' ld,.>~<t._,.,.. r~'~""l'h" 
,.J f'uM< AH••n, ,.,,,, 1. "" l. rP- 1>6-101. 1971 • 

IJ7XI L. 11. Trib< •nd C, \\'. S<""llifll, 11~ l",.tw, C.-/IK<. Co,.._ 
brid'", ~!.\: lbUill,..,, IY16. 

[Jl'91 ~1. L, T.,.¡,...,n .,..¡D. A. S•di<r, "lnlo10m01l~ll r"1<01>\111 .. on 
in,.~rotlna ._.._,., in ~<l>nim......., d<-•il'l-~ A,-.,.¡, <1 ,¡.,...~ 
""""RIT~ l'fll.l. ""-l. PJ1. 611-6:~. lul)' I~Tl 

IJ!IOI F. D. Tu"lrond D. c;, ""'"- "lln inl<'lntoliun C..,.."'lnJ m<>dd of 
"'~-'"~"i"n>.! pon<'pli.•n, ,.,,,.._,. 0114 choke, JI-- Stl. 
""'- !6. oa. •• pp. !7J-,91, ¡..,. I'IJO. 

jlll) ¡\, T'<l>k1, "Eli,.¡notirn b¡ o•p«u: A th<ot) <>1 <l>olc<." ~~1-dool. 
11'"• ...,¡_ 19, no.~- pp. l~ 1-1~. Jvlr ¡.,¡_ 

(llll _, "A•-..IIobl~l}! A ""'""ic r,. ]lod¡ina 1""1"""<)' ....r p"-óo­
bilily,• c.,_,..,.._., rlJ'"'.-!~ ,..._ s. PP. :01 -lJ1, 1971. 

(llll 11. T•'ff>•y ond D. 1:·-hn,.,,.,._ •JU<fam<nl Ond<t un«noin~v: 
ll<oriot.i<> 1:1\1 ¡,¡,..._ • _,,,....,._ pp. lllJ-1114. s...,_ n. J9H. 

(11-1) A. T•~t'>t.~ '""S. S..m;!>. ·Pn:r.,.,... :;r<n." hnlto/. ~- •"'­
Jii, no 6, pp. l-I!·J1l. 1~79. 

llJS) ¡\, T,.,r>ky lnd D. Koi•O<n~ '"lb< hmioa ~~ d<:<iÑ<>o;t on.J 11\o 
poyd"""l" <0/ ~.- lcin.,., >'ol. lll. pp 4))--4$1, /..._lO, 

""· . j)Jiil _. F..-iJt.,llallto~'<l-1 o{""" """· Sl>nlntd Unh·, Dqo. <>1 • 
P.y.-t.ol Ta.h. Rcp. 4, ~;•y 11. l'lal. - . . 

[)17) 11.. D. h'C11fl·· M. E. D"""'"' W. l. \\'""'"'· D B. Pli .. ~. C. 11., 
Mynotl. K. A. (Jr,.., ,.,¡ o. L. "''~ollon, "Suoot¡in t!l "'"' 
'"-•~'Y lo •n w.,.,. < ...... Q. J. t:.y. I'J,t-.ltal~ >'o/. 31 J'll. . 
109-1!1. 1910. 

11~11 "'· H. v .. D..- V<n ouJ "'· L. D..-11~'<"1· "Tht oflmi•UIO>a ol 
nomino!, l)o.•lpJU and lnl>'tO<olnl &m), lkri>ioft .....,;"&,......_.." 
A<W, <f M _ _.., J .. <-ol 11, ..._ 4. pp 60-l-6!1, 0... l'il~. 

(J~91 M."'- Vo,.tlldyi. "M;n-n.._-¡,¡.., plonrun¡ >)'>1<1111:"' «>pl11•~ 
01)1<' <•om\n>tlon af ln•or>o.1i''< Joo.;,.¡., """1ft¡, • J. ,¡.-,·"l 
11. .... ,.,._ IJ. PP. JJI-1.•1. ~1m. 

(llOi A. Vi..,.,. ·a..;... ond obc,..,\<ol •""J'Ñ' of thc cf/..., or :­
*"""' pt<><......., upnn l.,diddu.l •nd ~mup do:d.ioao io>'o/•i"&• 
lil.l:," ~.1,....,_ , .... ,,¡_ 76. ..._ ~- PP. :!11-1·11. Oet. 1n1. · 

[J91J A \';noll..,. ond E. Dlu'!bi<ÍO.' •P<poi•.U...U"" o{ •1111ooci<Ó' In 
&f<"'PP-." J . .¡ /'<lt."""~IJ' S"'M l'r¡<'lt<J., .-ol. 16. pp. Ul-N!, 
m~. . 

!liÍ:IJ c."'- 1. ""'· "'C'm.t..""'"' ...._ jud.,.....l in • s.,¡...r pn-O· 
>hil'•Oli< ''"'"""""'"'·"u.,.,. I/<II<A•, //..,. I'"'J-- ,.,¡, ~- PP­
~!o0-4XI, l~l. , . 

[ltJJ e. Vlt~""" ~- s..n.... ·aa,;,w""" ,...._..¡ upeno ot ri>l.". 
A,.., ,.,_hito/., \al. 4J, ""- 1-J, pp. lll·:IOO.II!II. 1'1110. 

(39-11 V. 11. v,.,,. 41>11 P. w. y,,~., 1~""" ~ 1./ul,;or . 
P111,.¡,urp, I'A: Uní•. P>ll>l>o>fl,b. 1971. 

!19'1 T, S. W•U.Inl, "l'r<oo.-...in~ in~"morim foord..:i.;,o" \a r~K"'""' 

Ttm:J~·k:~~~.!!.;;¡~~-mn "'-"..,.';;;:::·.:;, ':;,.~~ 1~ 
(J96J _. f.d. e_.,.~ r ......... '" n. .. ~ ..,.¡ 1.1.,_ tlrlk.....-. 

l!on..J•I<, NJ: Ll~n'1k>' L'r~~>oun• ~.,..,., 19-'0 . 
.'IJV71 · 1. N. w.,r,·IJ .• 'k..~'NI.~'"""'" ,._, "'*-J· .,..,¡e"""""'"'· 

1 
1 

1 
1 

N.., Yod: w~~ey, 197f.. . .. . l 
ll9ll D "'- w .o<"fliL>n an.J F, u ••• ~ .. llnlh. r~"'"" o,..,.,n~ ¡.¡p..,., , s.,,..,,, s .... \'otl: "'"""onic, 1~1.. . / : 1 
IJWI ('.C. ll"ho1<, 111 :o.o,J ¡\ ~- Soa<. "J\ mul,¡JII< <ol>jmi>-. ..,.,¡_ . · 

tinn-ho....r or""""-to ~· ,¡,.;.:.,w,in¡. • ll.t.'t' r,.,.,, -~"'· .\f...,, i 
f';lit.Tto .. "~· S~IC·IO. n.o ~-l'fl- Jll·Jl~. /u"' l'io'Ol ' 

(41101 11. II'<IJ»>l,. S,..*•~r r....,¡,., """"'' n,. -~" ...,¡ Ct<(t t( 
"'""' ,~_.,...,, ll..o.•"'- MA: l.inlo, Q""'"· IV'N, , 

141111 1>. ~"" IO",nl<rl<lo.ll, ·s,.,,.,...;,. J<.i•"'" pt«bl<mo 1r>t J ... ;,;.., 
UOI)'ol~ H ,~ .... ~J!CIW·'IlH•- ..... _~J .... 1-).pp. 71·91. ·-

~----

1 



•• 
j.¡()Jj 

1-lllll 

.~. 

10011 

·~· 

• 
. "" TMIIMC'TIOI<sON nm>u,....,., •~• cnu,.onro,-. -·11. ,.g_ 9, "'"""'" 1911 

P. WfiP~t. "'Tb<kotr.....,d<ri.ic.o-..!<o" T- prnwarn...._. 
·-...., lbo:,... of ~;....__~ 1. Afoi6N r,,,..,: •al '" ... '· 
PI>- SSS-561. 19'1<1. ('101 
--· -~U·irul&ll• ioon lbo _.,;,;.,. pt<,;<»in¡ DI r~ 
""""""lioa.- ..tm. ,.......,._ s. .... .... l. .., ~- "" m-m. 1m. [tlll 
-· ""C<tiu-o '*'~'f'-'1- ,. !"'biK <k<Wo•n" J, e 1 dw:r 
"'~ polq-<>Pionn&•l'l"""'"-" io '""'· 1•19 -~!''··M..,., C¡/>Ro .. . 1•1 !1 
c..,¡, lk"'"· CO. pp n•-41'9. O<t 1979. · 
--· "l~o'f"'ttin. ni ,...J~...,..,, ...d<b in a r. ... n<UJ l'tliap." 
o,...., /Jo._ __ 11-. f'wj.- ..... ool lJ.J'II TJ-Il, 191'9. · l•lll 
__ , "(\o~ruonc onlnnnot"'" p~nt .,.,..., hr.,licoútlfU lor 
r'""""" .... "''"' "' lon.,"i...J inlonn ....... - lh'C"""' :se; •• , ... 
.. ~ ''·"" 1. PP 2 .... ¡ .... "'~"· 1'110. r•~<1 
1 r. Y,,.., ,,w e ~l l>l'cin-l~ "Muloi>unbul< .,....,,;.... r</<1· 

""'' '""'" "'«ply "' 11.,,..., •"" J<~~~a.- ~- ,,.-..._ u,_. r,,¡,,.,., ,.,._ l!, pp. llS·l•l. 19lll. 1•111 
J f. \' ""'' .. d L. (i. lulO<u.~i. "'Chh.<O<I<rlu<""' ~r •mbif,L>iiJ ;., 
<k<>...,..'"'''"'"--.. s.,_ .... 11. PP. 19-ll. 197t. 
S 7.<.1«1. "A• "''""""'""' P".._...;Of, mnd<l, 011 >~ lo obc 

,. 

·~"'-•• ..._,.a.-. ..-., u-. '"¡.. .. _, wot "·no. 
I.Pf'.U-li,F<b. 1911. 
f. 7oiol<l. "Th< <ht.i .. ~Jhl ll<mi<pho.•"' ol 11>< broin." l:•1 S<l., 
•ol U,""· 1, pp. lO.. H. IY71. 
.._ a ü¡mo.·, "f«bo& -.1 obóMioa·P"''"""'~' ""'<'<~ "" .,_ 
l<f<f>!.'n." A_... fn<lo«., >-ol )), ""- ), pp. 111-llS, f'rt> 1930. 
D. E.. Z.nd .,,.¡ R. f. Smn...., .. "Th«"Y ul <h•n,< ,nJ <h< 
<11«0'<' 11><' o>l no_p-_ ><i<n«," .ol.lm¡o. So~. Q....,. ><>1- ~ 
110. ~-PP.. JJ!-s.l~ Doc. 1<11. 
R. 1\'. ZmuoJ, "O.. 11>< '""""Y ol 11>< .,.ll¡1ir-1><ouiorir >n>ltufh<nr 
"'ihro-.1 '" rht ~~'""""" .,,...,;m<fll>," .ll.m"~'"''rnr Sf!., o<ol l•, 
pp. IU~3-IU'lll,l.ll : · 
R w_ l.n!Uol. 'Prn.-.po.- ol ayiri•~ >111<- • Mq..;,;,....._ <>hobi­
,_ ,nJ impl~·.,;,,., r •• inr,.....,,_ •>•«•• olo.'»JO-• J M"""r<-
...... "" l ... , l. pp 1-~ 1~19- . 
R. W. Zooud, "lnJo"J".&IJ<IImno:<>•n4 I•W; ou«<Uo A, .. ;... o1 
oh< nnpirio.ll ~"''"•re," .•t....,....... ~- •ol. U, o.o. 10. pp. 
916-tl"i. o.. ltl"i. 

. 1 



DIVISION DE EDUCAC/ON 

DISEÑO DE ESTRUCTURAS DE DATOS 

ARTICULO 

mS IS A 1'\IRAGE 

EXPOSITOO: 

ING. "DANIEL RIOS ZERTUCHE 

MAYO, 1984 

Poloc1a do Minetio Callo do Towt>o S ptim" piso Doliti. CutuhUmoc 06000 Mbleo. D.F. hl.: ~21..((1.21) Apdo. l'<>11ol U-2ll5 



]ohn Dearden 

harr<l'rd DCI,,.,~.s t:'t~•cw 

\(,""Q?'.r,~;.,...~q 1q12. 

·-----

MIS 'is a mirage 

Can a síng,le, integrated system be devised 
to.fill all of llldJHlgement's information needst 
Only if Superman lends a helping ·hand 

For~:word 
Evcry cnmpony .,¡ •nY alzc hu m•ny informotion 
I)"Jtcnu, both furm~l ••td Informo!.· The formol lfl· 
tonto it u.., covn 1uch • nricty o/ tcrritory thot onc 
m~n c~nnut poosibly compr<hcnd lho tn:.. .. of dcuilo 

.and principies rc.¡uircd tu d<ll'n olln¡Jc ·~~r¡y•wo 
•h•• ~"'b'"'"'" rhcm oH. [ven • poup ol.·)'ltcmo ~x· 
pcrt> <Jn.,ot cr<.,o 1uch o ou¡>onyotcm, thc •uthor 
.,g,•oo. bccou>< tho <om¡>oncnto thot "'"" U. •m .. l· 
"'"'"'~ •re too ditlctcnt in th<ir nllurcs to ~ /uocd 

yc~rs ago 1 cxprcsscd the opinion rh~t 
"o! a([ thc ridiculous things thot have beco 
foisled on rhe lnn¡:·suiJcring exccutive in the 
natne of sdcnce antl progress, che real-time mon· 
ag~mcm information systcm is the s.illitst.~' 

1 no longer bdicve this statemcnl is rrue. Wc 
now have something evcn si!licr: rhc currcnt 
lod lor "lhe mona¡¡:cment inlormation syst~m," 
whether it is cal!cd thc Toral System, 1he Total 
Managemcnl lnformation Syslem, the M~n~ge­
mcm Jnlorination System, or simply 1>!ts. 

1 ccrrainly do nnl me~n 10 sug¡¡:cst that a com· 
p~ny does not nccd good man~gcmcm \nform~· 
tiqn sysrcms-no1hing could be furrher from thc 
rruth. But lhc. notion that a comp~ny can ~nd 
ought lo ha vean cxpcrt /nr a group of cxpcrts) 
creatc lor ita single, completcly imcgraled >Upc:r,, 
systcru-an "MtS"-to hclp it gnvcn1 cvcry a~pccr 
of its activiry is absurd. 

For mauy busincum~n, il is prubably incon· 
ccinble that thc lofty phrues and glillcring 

l .•• .,,..'" "'•' nm• •""'''"''"''"'~"'"loo."" 11U M••·!•"' 
...... lllo 

tOJ;cthcr •IJoctlvc!y. Alter domonou•Jin¡ the fudllty 
ol tht •us appro•t:h, thc ~uthor reco.n•mcndl proct!· 
cal Jl<PI for rdormlllll ddcctlvc infortnotlon S)'Stcm.o. 

Mr. Durdcn 11 f'rolenor of Budnen AJtnlolsuat!on 
at the Harunl Bwin .... Sthool. He¡, wcll lutown 10 
HBR rc .. clcrs. ••pcd•Ur for hi• sl&nl6cont cnntribuftono 
tO thc rheory of Jiviolonol control lA !in of Mr. 
Deard~n·o prcviou• HBR ><tidc1 on inlormatlon ¡yo· 
t<JDI ~ppNrs in thc rulod inserr on p•gc ¡¡8.) 

' 

promises surrounding the MtS conccal a com· 
pletely unwurkable con~ept. Yet tbis is exactly . 
wha1 1 prupose lo demonslrAte-thu a company 
that pursues :an MIS embuk.s on a wild-goosc 
chase, a search for a will-o'·the·wisp. 

Lct me ll.tst try to cxplain what 1 undentand 
by tbe NA-us concapt" and cnnúne hi allc¡ed 
advantagcs, •nd then•how why rheconccptis un· 
worhblc. Then 1 shall be in 1 position to rcc­
ommcnd some practica] remedies for ddecrivc 

. managemcnt infnrmJtion systcms, which ceruln-
ly conslitute a real problcm for cxccutivatoday. '· 

·confrzsion betweeii teÍ"1~·s . . 
lt ls di!Jicult cven to describe ihe .Om In 1 satla• 
lactury way, bectuse this conccptu~l cntiry_ls 
cmbedded in a mish-mash of fuuy thinking and 
incomprehensible jargon. lt is ncarly impossible 
ttl ub1~in any agreeme111 on hnw MIS prcblcms 
~~e 10 be <~nalyzcd, what shape their solutlons 
might takc, or how"thcsc solurions are to be 
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imp\cmemcd. Thls wnlu\ion malr.es it very dil­
fkult to atuelr. thc concept, ~cause no mattcr 
what a»umptiona a critie makes about the na­
turc of thc MI$ apptoach, 1 ptoponcnt r.an alway1 
n:ply that hil ut.e: ol thc tcrm is dilfettnt ftom 
othets'. 

Rut thcrc is a rommon thtcad whkh runs 
thtough thc variuus usn of thc ICtm, a thread 
that at unce uniflcs hut also subvcr\5 tbc MIS 
!itcraturc. This lhttad is the computcr-bascd 
inlonnation systcm. 

Com Jlllte r· bme d a e ti vil y ... 

Whcrevcr thc M15 is discusscd, it is almos! in· 
vauably Staltd that .a managcmcnt inlormation 
systern docs not ncccssatily rcquirc a cornputcr 
and that many forms of nunagcment info¡rna­
tion are not compUitr-bat.e:d. 

Yct, if onc looks at what ís actually ~ing 
di~cuw:d, he <jUÍt·kly discovcn that thc tttm 
"Mts" is uscd, cs~cntially, lo stand /o¡ "com­
putCI·ha~d inlunuation S)'Stetm'' fur cumple, 
a recen¡ anide in nusincss Wuk rcad as/ollows: 

"[Sume!. ~:onccrncd that systcms ana\ysts are 
... 1 'mixcd bag' whosc trainiog and knowledge 
are~ hit·or·miss propo5ition, are convinccd tbat 
mmagcrncnt inlunnatiun systems IMtSI is 1he 
cmcrging lld<J in hthlne.s administration. llotb 
WharHln and M!T ha ve uilorcd programs espe­
cial! y lof S)'itcms speri~!ists, but no school has 
gonc lunhcr than thc Universitf o/ Minncsota, 
whose R-school now u'iers MS and PhD de­
grecs in managcmcnt inícrrnation systems and 
has bunched an Mn rncnch ccntcr. Sincc thc 
ccnter's op<ning thrce ~cars ago, MIS Director 
Gordon B. Davis ond his stafi havc wo¡ked 10 
devdop 11 ncw systctns·teLucd courses-lrorn 
on-linc, real-time oy51cms 10 a seminal no soft­
ware. ln .1dtlition, thc pro&ra:n'l so MS and 1l 
l"hD candiJates spend a good portian of thcir 
time alonc and in teams 11 worlr. on actual 
computcr p10blcnt• in iodustty." ~ 

lt sccms cvidcnt to me. that MIS educa !ion as 
dcscnhed hctc is prindpally education in com· 
puter-bascd inlorm~tion s~stcms. 

11 is viral to note, first o! al!; that the in­
formatinn gcncratcd by this lr.ind of ~ystcrn docs 
not includc a grcat dc.tl ni thc infomtation that 
is most imrorunt to m_anagcmcnt-cspcd.tlly, 
im¡ionJnt <Jir.lli!,Hivc inlormation. Sccond, a 
spcci3list z;ruup th~t tkvdops such a systcm is 
usuallr rc~ns1blc /o¡ implcmcnting onl~ nnc 
part ol an~ o/ a company's individual man~gc-

mcnt informatlon syucms---namcly, 1hat p•n 
thal interfaceS dircctly with thc con¡putct. for 
cumple, su<.:h a g1oup has httlc lif anythin¡;) 
10 .do Wlth specif~ing tht naturc of an account· 
ing and firTancial conuol syst~m, although it m ay 
be Itsponsible for lbc compute¡ ptogrammin¡; 
this s~stcrn cmploys. 
M~ conclusion, thetdotc, is that such a ¡;1oup 

has linle impact on most of the inlormaiÍOil "'P" 
plicd 10 managemcnt, panicula¡ly at uppcr kv­
el$. Con.cqueml~ it is ridiculous to say that 
it erutes [or 'an crcotcl a tOtal "mao .. ogcrncnt 
inlorn1ation ~y>tcrn. 

... V.l. MIS 

To the CXtent that Ml5 rdcts onl~ tu comp.on¡' 
inlormaunn S)'>l~m~ that use: a cornputcr J,,,.c 
and to thc ntcnt that ev~r)one uudct~tands 
th1s limilation, 1 havc no sc:rious quand with 
the llcnd to ~m; it is ,vital that manag~mcnt 
tightly conuol its cnmpul~t-ba~ed inlormJtinn 
systems, and in genctalthe w·c.lled M" ¡;wups 
!oCCm designed 10 gu>rantcc a tight tem tu 111-~n­
a¡;ement. 

In rny expcricncc, howeveT, such a l1nn1•·d 
ddlnition u! •m is rtnl what ad•·ocatC> oj thl> 
"JlJlW•th · 10 · i 11 !nunat ion >ySt<ms nK Jll wlwn 
thcy u>c thc tcnn. Thc~ iruend wmcohm¡; novel 
and 1 ar m01e global, >o me cntit ). tha t c.t" pruv i Je 
rcvolmionar~ hcneflts we cannor dc!Ívc lrum thc 
uaditional approach. Wahct Kennerun stog¡;c'u 
this dcllnition of thc ~tts: 

"A ma.na¡;cmcnt illfornution systcm is .,¡ ur· 
¡;anized llltthod of providing Nst, ptC>Cnt >nd 
projection infom,.tion rcbting tu ime¡nal opcr· 
ations and cuerna! imdlig.ncc. \t suppOU> thc 
planning. control and opcutiona\ function o/ an 
org;r.nization .by !utnishin¡; unilorm inlu¡rna­

_.tion in thc prupcr timc·ftame to as>ist thc dcci· 
sion·makc1."' 

This is approxim~t•·ly what 1 pCTCCÍ\'C rnost 
peoplc to rnc~n by Ml5- And ii 1his dcfin111011 
sccms grandinsc, l c.m unly r~mark ¡hat "tite 
n1.1n.1gcmcnt iniUJm:uion s~stcrn" J ,crihcs a 
~randiosc ide~. 11 thc definition wen· 1.-S> ¡;)tJbal 

·ill it• scopc, it wou\J not measme up tu thc 
tcrm. 11, fnr cumplo, onc werc w \imu thc del· 
irti!Íllll to thc contnt of a compan)''S flrt.lnciJl 
~ccnunting PJ.O¡;Tams, he ))'OUlJ hav( In ,p,·,¡k 
of thc /irHiriCidf MIS olth~·comp~ny, rathcr 1h.tn 
its general MIS. 
' ¡ ............ .,. 
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Howcvc~, ill'prJCticc, no sttch limitations ~re 
intc·mk.J. K ... nHcron's inclusive ddinition of thc 
MI~ ;tppmoch i~ •tuitc consisten! with the tlC~rly 
univcr••l bcndl!s d.ümcd lor it. 

• 
The MIS appl'ooch 

Civen this inclusive définition, how is man.ogc· 
mcnt to app]y it; In o1h~1 wllrd~, lmw shonld 
mnnagcment think .tbmu thc problcm ol scuing 
t.ip at¡ MIS/ 

Fl¡1ndumcntaJ <l551lmptions 

First, it appears that i1 managemcnt wishes to 
.ubscribe 10 the llwory ol 1hc MIS, it mus¡ make 
up its mind to "cc~pt IWO /umlamenlal {i/ high­
l'y quesrlonablcl •tsSllrnptlons thm are quite dif· 
lereut lrom trJdirion~l ones made in this area; 

J. Managemem inlormation is a subject for 
study and special iza tion. Tha t is, it is suflicícn tly 
homogeneous ~o that a sel ol principies and 
practices can be csab!ished for cvaluating al! 
mnnagcment's mlormation n~eds and salisfying 
them. _In shott, rhc MIS appronch atracks aU 
rhe prolblems of managemcnt information as a 
whole, rather rhan by individual arcas, such as 
finance and marketing. This b<Jmogeueity is a 
neccssary assumprion, slnce wirhout it th~re is 
no reason whr g~nernl solutions to a manage· 
rnent's inlormation rcquircmems can be found. 

2_ The syst~ms approach 'can and shonld be 
used in analyzil¡g management's inform~tion re­
quiremems. Proponcnls claim the systems ap· 
proach is necessary for mastering 1hc sprawl of 
requirements and lor symhesizing the general 
MIS solution. fi shall have more to say about 
the systems approach iatcr.f 

Diagnosis oJ development 

Once management has acccpted thesc two as­
sumptions, it can begin lo develop an MI~ pro· 
gram. As thc theory goe.s, there seem to be two 
technique.s for setting to work: 

O Manageincm can hire an Mts expert to act 
as a superconsu!tant to the présidem of thc 
company. This cxpcrt studies thc typea of prob· 

,lcms that the presiden! must so! ve, th e decisions 
that he must rnake, and so lorth, and recom· 
rncnds melhods lor satislying the presidcnt's 
total information rcquircments. He thcn drops 
to h:Jiver lcvels o/ managcmcnt and providcs thc 
'ame servkes there. 

-- -~ -

In ¡;cncr.tl, che cxpert .Jc·p~nds on olhcrs to 
implcmcnt hi• rccl>mmc·ntbtiou,. For cxmnple, 
the control!cr bccomcs rcspousiblc .lor chang­
in¡j thc cost ~ccountins ~ystcm in thc W~y ·thc 
consultan! rccommerulr.. . 

O Managctncnt can crC3tc a ~1aff dcpartment­
rhar repnrrs to the top: TIIls group is rcsponsible 
for 1he comp.tny's compulcr-bascd systems but 
also piO\•idcs the samc typc of di.l&l\oses and 
cvaluations as thc supctconsultant. -

Thc staff gruup, uulikc thc cons .. ltant, usual­
ly h~s rcsJlmlsibility klf implemcnt¡ttión. 

Its alleged advtmtages . .. 

Under this approach, then, fither ~single pcrsOn­
or a group of persons is responsible for devel­
oping and overseeing the construction of 1he 
entire m~nagcment information system. Thii 
concentration ol authority and rCsJXInsibiliry in 
the hands o! systcmstxperts supposedly createa 
a number of significaN aduntagea: 

O Expem schooled in the MIS "discipline" 
can an~lyzc m~nJgtment's inlormation nceds 
more effectivdy than can lhe peoplc traditiona!­
ly responsible lor sa~is/ying them. Morcovcr, 
these exp~rls can bener determine which tech­
niquei wilJ best meet th•~•e needs. 

O Because the MIS is dcveloped as a unil\cd, 
singlt system, rather lhan as a number o/ oS<:pa­
rale systems, it is completely coordinared and 
complelely consisten!. 

O lnlormation necds are detennined from the 
top down. Hence the top will be in bettcr con­
trol; thc freo;juent practicc of letting lower man­
agemcnt decide what infonnation will pass up­
ward is eliminated. 

O The company re<luces ita direct inlormation 
costs by eliminaring systems. Also, the MtS itse!f 
is cheaper to run becausc it has becn desi¡ned 
by inlormation experts who know the most 
economical mcans for satidying managcment's 

. informatian needs. 
O Since one CJ/pcrt or group is rf-·ponsible for 

the systeri'l, managcmeot's desire that the 5)'ll" 

tem be kept uP:,to·date can readily be s,atisfied. 

In short, the proponcms prOJDise, expcfU can 
design an MIS rhat is moie cffectivc, more el· 
ficicm, more consisten!, and more dynamit than 
the haphaz~rd aggregate of individuo! systems a 
company wou!d otherwise employ. · 

Thesc are imprcssive · :tdvantages lhar any 
manager would enjoy, and doubt!e.s Ibis ap-_. 

' ¡ 
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l'f(l;ICh wn dcvelop.:d tn s.olvc thc real prob­
lcms ni poor inlormation thu huc becn·pl~gu· 
ing' mana~mem with incrc:sing lrcqucncy. 
Thc growing tomplc~iry and the pace ol chan&e 
of modem busin<".S.S, cspctially' in the last ten 
yean, have surely rnade m~ny inlnrmation SYS· 
tems- obso!ete and many mr11c in~dequatc for 
prcsent taska. 

E<.]ually, the lnt ten ycar~ havc scen thc c~­
tcn•ivc dcvelupmcnt ol informatiun tcthno]ogy, 
Hunagcmctll ~cicncc, and system& analysis-a 
dcvclopmcnt that has beco accompanicd by 
rapid g10wth in thc numbcr of cxpem working 
in in!ormatiun systtms. 

To wmc-that is, thc pruponcnts of Mts-it 
,;cerned logical 10 centraliu: thc devclopmcnt 
and control ol inlormation systems In the hands 
of thcll: exptns. Alter n!l, thc problcm~ that 
~le! information syuéms havc beco rhc ltsuh 
uf chmgc and ¡:rowth, thcy rca~uncd; and thcsc 
prublcms could perhaps be solvcd by l"ing 
the ncw information tcchnolog"¡' thu h•d bccn 
dcvclopin¡; oimultJncously. · 

Severa! companics hav• tried this •ppruach, 
and •n~ll)' pcoplc currcntly advncatc it. In spite 
ni us ~p]l~letu logic, however, 1 know ni 
nn company in which it h~s worked out. This 
fails to ~uq•ri..e me bec~us~. as 1 have ahcady im· 
pli~d. 1 bclieve thc whole MIS ;pproach is funda­
llll"llt.<]]y bllacious. 

. . . eJ its real fallacies 
' 

Thne 01e luur ~llaciu md one scrious mis­
cuoccpüon inherent in rhc MIS approach, as 1 
ha ve dcscribed ir., The Jallacics ore thesc:: 

O Mana8ement inlormatiun is sul!iciently ho· 
mogcncous !óO tliat it can be madc an uea o{ 
•P«i~liz•tiun lo1 •n cxpert. 

<- lf thc dil!ercnt infonnation systcms ordi­
narily use..! by 1 company •re developed ..:pa· 
ratcly, thc rcsulting mma¡;emenr information 
system will neccssar!Jy be uncoordinatcd "r;d 
thcrdore iMffrcicnr and uns.risl•ctory. 

0- Thc "¡¡ystcms" approach is a new bnon to 
business administration. 

O lt is pucric•ble to ccntralize rhe connol 
o,.,., a comp•ny'li cntire nun~gcmcnt infntma· 
tion sy>tcm. 

-The miswnccptinn is rhis: 
O Thc spccioli~t .:-xpcrtise that cre.res a good 

Jo¡;iuics •Ystcm lor ~ company can extend ito 
talenu intu thc bwad ,lnmain of genero] com-

Ml.l>'•"'"'l:< 

p3ny activity an.J crcate a ¡;cnr~al mJnag<emcnr 
infurmotio':l systcm. 

Thc1c is no rcason to .1uppuse an MIS gruup 140 
acmally do this-in fact, thcre is good n·•>On tn 

think it cannot. 
Le! me refute thc.se crrors one by une. 

l. The true MIS expen d~.l no/ nnd cmmol exi5t. 

A con>pltte managcmcnt inlornu•iun ~Y>tcm 
con>i~ts ol soch , huge assurtmcnt ,,¡ d¡flc•cnt 
typ~s ol activities that no man c~n po>ocss a 
bro~d cnnugh sc:t of specia! 1kills lO app]y ro 
cvcn 2 small prnponiun ol <hem. ConsiJcr tho 
skills required tu build any one of thc"' ¡ndtvio.l­
ud infonnotion >ystcms. 

The flunm:ia/ nccounun~ <tnrl cunllol ·"'-'tcm. 
This indudes preparatiun nf flnancta] 5\at~· 

ntcnts, !levclopmcm ol budgcts ~nd lnng·ran¡;•· 
plan•, nnalyses of caPital im·cstnwnts, publila· 
tion o/ proJuct co•ts, and !.0 lnnh. 

Trnditionally, lh~ cunuollcr i~ rc>pon,iblc /o¡ 
al! thcSt· lin~nd~l subs)'sJcllls; with re-pcu to 
the financia] inlormation o)'>ttlllS, he pl~;-• 'he 
role that thc MIS c~pcn i~ Mtppo~c!l tn ¡>lJ)' in 
thc general mJnagcmcnt inlurmatiull >}>1'11" 
In complemem~ry f,¡shiun, thc MI~' \pcrt !lln>t 
havc a th(lrough undcrst~n<ling ol thc· rtllll'ul· 
ln's systcm~ lunction . 

Th~ lr>gisJic.l in/ornMtilm 'l""cm. This >)'>t··m 
controls the fluw ol goods from th~ pu!<;hJ'e ul 
uw materials to thc physical J»rnbmion o/ th<' 
finishcd pmducts_ NtXl. ro tht financi~! cont.ul 
system, it is probably thc DlO>t cumpiell<"nsiv' 
infornution sysmn ipthc ¡ypkalmJnubcturin¡: 
busincs.s. 

A logi>tics systcm llOJmall)' consi>r. u/ ><:V<"Jal 
subsystcms oí v~rying de¡;Jtt·s ni imk·penJcu<C. 
Fur cxnmplc, there coold be dt>tillct oprerns /or 
d11fcrcnt productlin~s. Within cach pJOJ¡oct llae, 
funhcrmore, thcrt could he ~uh,.ystems lor pw· 
cur~mcnc·, production och~du!in¡:, fini•h~.J ¡;<ll>lls, 
invcntory control, and !óO /nrth, ~nd ,¡¡JI othcrs 
for pl~nt utiliz~tion and c>pon>tun. lkpc•ndin¡; 
on ir. indUstry, a company ha•" loJ~cr nr •m.dlcr 
numbcr of cmnplcx, inLttrdol(d ln¡:i>tit-• 111" 
lormation sobsyst•·ms. 

Thc critic31 point to note hcrc ;, th.tt ¡),~ 
ln¡;i.,tie& inform~lion .•yslclll is Jlnlu•t compktc· 
ly diffc·r.·m from the flnandal inlurrnJtn>n •Y•· 
tcm. In point ol bct, mo.r of th~ >ldlh nct'JcJ 
to dcvclup financio! .infornMtinn >)''tcm• .m· uf 



110 use in devcloping logisties infomt~!ion 1y1· 

1<"111• ~llll vic~ vcl'li:l. E ven thc o•c• Jdat'lonship• 
·"" úiiTetcnl. In building~ finJncial inform.1tiotl 
s)•stcm, thc COtllrnllcr dnclops a ¡ystem th.1t 
provi.Jcs inlnmlation lor m~ll.l):~mcnt out,illc 
thc flnancc lunciinn, whc•rcns lugi~tic~ informa·· 
rinn is nurm:~!ly oJ~wlopcd atu.l 1101:d by thc 
r~orlc dirc~tly cuncnn~oJ with logistics. 

Funhcrmorc, lo¡:isrin suh•yst~nu hcqucndy 
haw link in common with c~ch mhcr, so that 
on expcll in nnc typt: ol subsyslcm mi¡;ht not h<: 
ahlc 10 trnnsfcr his cxpclliK 10 a úiffertm typc. 
Fur cxompk, rhcrc may be linlc or no •imilarity 
bctwccn" procuremcnr informa! ion syucm a11J 
~ fini>he<.l·goods !li.eribution sys1cm. Like thc 
financia] .<ysrcnl, thc logistics inlormation sy1· 
tem or suh;ystcm is a job for a specUlisl 

Tite m<1rkeling in/ormlllion sysrtms: Likc rhe 
¡wo systems just o.lcscribcd, thc marketing in· 
formuion ~ystcm can also consist o/ ~ mnnbcr 
of subsystcms. A cnmpany m~y m~inr~in •ep~· 
ratc subsyotems fur scp~rate prmluct ll11es; ~nd 
within a proo.lucl Hnc, it nuy m~intain furth~• 
suh>}'>lcms for adwnising and s.alc• prumotion, 
sh<Jf!·tcrm s~lcs fntccasring, long·term sales fo¡c­
c•>llng, prno.lu~t plannin¡:. ~mi su fonh. 

Again, the clitical point is this-a nu1kc1ing 
inform3tion system is almust cump!ctely dil· 
fe•cnt lrotn the other rwo systcnu. Consequcnt· 
ly, npenise in cither or buth of the other sys· 
tems would be of Hmited va]ue in devtloping 
a marketi';'g mform~tion sy5tcm and vice ver.u. 

Ugn/ suvices. indusuilll relt~tlons, ttnd pub/ic 
rd<~~ions: One of the major purpo~ of cath of 
1hesc stafl fnnctid!U is to pro vide top ·manage-­
mcm with >pÚialized inlolmation differCilt /rom 
th.r provide<.l by any other staff officc and dilfcr· 
ent lrom that provided by the three infotmation 
systems previous!y describcd. 

Ro>D rcporting: Thc information rystem man· 
agement requires in this arca is distinct lrom 
all othcn, and cxperüse in rhesc othcr orcas 
olfen limited help in dcvdoping an R&D in· 
fulmation system. 

In short, ex~ept in the small compJny lwhith 
prob~bly necds only simple systems), there •re 
..;verd inlornution systems that hsve vcry lcw 
simibrities and many wide diffcrcme1. Con· 
o.equcntly, it mJkcs no scnse ro rcgard thc pro­
cesses of devcloping and implcmcnüng the$e 
sc~cral managemcnt inlormation systems as 

constitntin¡: 3 single ~ml homo¡:cncnm .lc!lvity. 
1 comlud~ that kw, 'ti ;~ny, in,l'l\'tdll.\ls h~v~ 

thc t10ming ro call th•·u1sdves npcns iu man­
agcmcnt infonnation sy;tcms. Jndcco.l 1 hd1cvc 
it is much more practic.tl 10 ceach thc ncw in· 
fonnariun t<cchnolo¡.;y ro th~ IUIKIÍ\ll\"] cxpcrts 
tb.m to t~ach infoml;lliOn technolo¡;isU func· 
tional ,p.:cinhics_ Alter all, the man who CO\I]d 
ma"cr ~11 the fnnctional .•pcci~lti~~-thc tme 
MJS npcll-1~0\\ld havc 10 ]..., an intclketuJI 
'"f'l'll\1"'" ~nd h~ncc he does nllt Jn.t tJnnot 
cxi>t n•·cpr, p.:rhap•, as " VCI} r.ac nccption. 

11 Jn ·"" c~n be imrlcmenrcd Jt all, it c3n 
only be impkmcntcJ by ~ stafl gruup, ano.! onc 
o! considerable sizc. 

2. Coordfn,utJ s¡•Sitms (or fun~tioua/ ,¡ua~ can 
be dcvdo¡>crl wirhoul <1 'row/ systems <lp('IO.Jch,' 

1 
"Unkss yon o.levelop thc MIS as a >ingle, iutc· 
gured s)·,tcm, al! yon wÍll get is ~ bunch of 1111· 
rd~rcd, nncoordinated, indkctii'C ')'stcms." JI 
1 have hcard this statcmcnt unce, 1 hJve hcJrd 
ita hundrcd rimes; andtit srill is not true. 

1 ha ve seen many syokms that ha ve int,·l,·atc 
inte~f.1ccs with onc ~ndther and thJt a/C ""11 
diinent ano.! elfective: In the automnbilc illJu•· 
try, lo¡ eumple, the devdopmcnt of a new 
model car involves many functions-•t)'hng, en· 
gin~eri11g, product planning, fln.tnc~. IJ~ilny 

plannin¡:, procuremont, and produ¡;tion sth<Ju!· 
ing. Each functional unit devdops its l!ltcrn•l 
inlormation system for control!ing its plrt uf 
rhe opeution; in ;ddition, at uch interface, tlic 
function.:~l unir:; cxchangc the infotm~tion ncc· 
ess~ry to maintain coordination b<:twccn rhcm. 

11 an information sys_tcm is indfective, thc 
uuse is very likely to be the incompctcn~c of 
the peop!c responsiblc lor it, nor tbe alhcnce 
o/ the general M.n approach. In this conncctinn l 
might quote Wil!iarn M. Z3ni: 

"Most companics have not conecivcd and 
pbnncd their m3na¡;ement informatiun S)'>tcm 
with any signifkant omount o/ aucntion lt> 
their intwllco.l fnnction of suppuning the man­
og~¡ as he makes his dcósions."' 
• 
Zoni gocs on to su¡;g~st a new •ppro,· .. h w de· 
vcluping an Mt$ as a so!ution to thi> •liU.Iti.,n. 
M y sohnion wou!d be to make sorne p~mmnd 
changu, bccausc anyonc who /ai!s tu Jc-i,:n .m 
inlormJtion system for its usen is incomp.:tcnt. 

Such incom~ienee is wry prcvalent. 1 hJve 
scen dozens of comp.mics whc1c .. ,.nJ¡;cmcnt is 
' "11"'1'''"' lo<""'·" l!U l<o,.,.,,, O..••k< ,.,._o o~ 



not rccctvms hall thc relevan! a¡.Cuunlins in­
form~tion rh~t oould be mad~ ~vail~blc if the 
/lnancbl inlurmatinn ~YKtcm hno.l b~cn propcrly 
dc5i¡ncd in thc lir!t pla~c. AnJ ahhuu¡;h 1 am 
not •uffjcicntly cxpcrt in othcr typc.s of in· 
formatiun systcms tu know whcthcr the !3mc 
IÍIU~tiou cxist•thcrc, 1 ha ve nu rc~wn ID bdic:ve 
~ecountin¡ is wmse than thc uthcts. 

To 151-Cil tbat 5uch probkms 15 lhcsc result 
/l(lm thc inJ.,pcndmt •.kvclopmcnt of differcm 
inlorm~tiun iY•tcnts, rathcr than/rurn •hccr and 
otdinuy incompctCIICC, i! simply Jidiculous­
and ro r"cunmtcnd thc "MI~ cur"" i• c1•cn more 
ridiculous Tu cmutc lhat ~ CIJill]lnlly has cffi· 
cicnt inlornulion .1y•tcms whidt are well CO· 

nrdinntcd wilh one anothcr, mann¡;cmcnt nced 
only bo:ar Jown on rhc pcrsonnd in the various · 
functinnal ncn who are rc5pcnsihlc. 

J. 'Thr sptcms apprr1<1ch' ls mere/¡• rin e/aburatc 
phmsc for 'good nttiJJ<~<:cmcnt' 

Thcrc a1c mony deflttitiuns of thc sy>rtm> ~P· 
ptoach, hut the following is rcprc;rtH~tive: 

"Thc >)">tcms af>¡>rnnch 10 m<ln"g•ment is 
b•sirally J way of thinkin¡;. Thc or~onicuion 
is vicw•·d as an tntcgrat~d eompk~ of interdc· 
¡>endcm parts which ate capob1~ o/ ~emitive and 
accuutc itltcroction amon¡; thcmsdves and with 
thcit cn•ironmcm."" 

What do~s thi• mean: ]t took me 5DillC time 10 
llguJe it out. 

Wh,·n thc sysrtms apprnach fint a]'p~ard in 
thc litctatore, 1 ~ad ~ grcat de~] of dilficuhy 
undemandin¡ rhe conrcpt1 ond ,ny confusiott 
incr~a.c·d 11Dtill startcd oskin¡ pcuplc this qucs· 
tiun: "Wh~t woold an exccutivc do diflctcmly. 
il he wctc "'~do¡11 the systcm5 ~pproach in place. 
ulrhc traditiunal onc:" 

Withnur tHcption, thc rcplic• 1 recci\"ed madc 
auumptions ahout thc uaditional ~pptoach that 
simpl)· uc nol t•a!id. For nample. ~nmc ,s;nmed 
that thc rX<"CUtivc l'~'"civc5 bis nr&.mi:ation u 
5/atic1 ntlwt~. th~t In· tails 10 con,idcr th~ ínter· 
aCtinn of rd.ued vari.thlc•. In mho:r wmds, thc 
rc¡,lic• ..-,·re ptedic.11~d 011 m incolllf>C!Cnt, cvcn 
1 mtpid, ncnuivc. 
· Thu1 1 cnndmkd thJt thc allr¡:cd ;hlvant~¡:,·• 
uf 1hc •pt<·m~ "PI'"'•'ch rc~lly ¡~suh lwm thc 
dilfcrrncc h..·twcrn ~~~ ,,d,·Quarc Jlld an inad· 
cquot~ tn.m.t¡:et. 11 ruu duubt thii, l invite you 
tn ~•k 1hc <JU<">IÍUil 1 .!hl thc nut tinl~ you hcar 

~ .. ,._ OI•L•••••~. •-n., ,.,h,. ,,., 1\"h ... r .. n •• <h< ~, .,_ 
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10mcone champion the sytilems appto.>ch tu 
man~gctncnt. 

lt is thcrdorc not surpri~in¡¡ lhAt gund man· 
agcrs Jollow thc·systcms ~~pruach, bccatts~ thi• 
~J"IJ"I•O~ch is mcrcly rhe ancict\1 all af manag~· 
mcnt. Wnuld ; cumpctcnt busiMu cxecom·e 
plan 1 maior expansion prograro without con· 
sidcrin¡; the wurces and riming o/ lund•, thc 
avaibbility uf ¡>roplc, thc pu.¡ible rc~ctiun• o/ 
tumpctitou, an.! ..a lu11h1 Ccrwn1y nnt. AnJ 
he wnuld cunsi~cr thcm in ¡o·l~tiOII tu on' 
anmhcr. 

My wndusion, rhcn, i• that the ~)">1("1\l\ ap· 
proach is ptccisdy whar cvcry good m•n.1¡:cr 
has bccn usin¡: lnr ccntlnio.-s. Thc sy~TCtn> ~r· 
proach may be ncw tu .cience an.! tn """"!'""' 
•cquisitiOtl, hut it iil ccllainly not ncw 10 bu>Í· 
ncss admini"nliun. 

Althis point;lct me ;umm~rizc bricfly. First. 
an r.~IS wou1d ha•·e 10 be dcvdopcd by a ::rou¡• 
cnmp<oscd uf n¡>t:!l> m thc v.triou> ty¡>es of in· 
lomu1iotf sy"cms u~d hy m~n.1¡:cment. Thi• 
tnll>t be >U bcc.msc thc l"'"ibiliiY th~1 • oin¡;k 
individual wilt be cxpcrt in ,,¡j typc• ni infur· 
tnJtÍOI1 ls tcrnntc. Sccnml, thC nprw~ch l.tkcn 
by the MIS ~rour wnuld he ~rproxim~td)" th~ 
.a111" u th;tt takcn by •ny cnnJ¡>CIL"Ill and np~!t 
m.1ll~&cr wu/kin¡ in one of th~ lutlctim•.,] in· 
fo11n~lion &)"srems. 

Hnw, thcn, dnc:5 the M" •ppro~dt difkr h"tn 
the trndition~ 1 appruadt. tn inlonnation •ptcnl>; 

Thc on!y diflcr~nce 1 nn ""~ is that a cotn· 
pany's managemcnl infonnation ~)·stem """1ild 
he the rcspunsihility oí one rcntr~lizcd ¡;rn"Jl; 
wher~as, lraditlnrMIIy, lhe infnnn;ttion •y>tcms 
cxpens have bcen loc~t~d in thc v~rious /une· 
tion•l arcu. Tbis brings me 10 thc h>t l•l!Jc}"­
that 5ucb tcntrali:•ti'!n ;, p¡a~ticable. 

4. Ccmra/lzln¡: 1/rc conrrul o/ " com¡>.my·~ m· 
{ormntlrrn sy.,tcm.l in u ~hd/ ¡:¡our crcMtl pwl>­
lcms lhn! Mt in<olubl~; Jhere{olt /1 ¡, >ÍJtlpl)" 
nor fc,wblc. 

lt is lhcurCtk.tll)' pu·;.siblc tu n~s··•nblc a "Jfl 
MIJ grnup thJI b sulfidently !nrg•· and divcr5Í· 
licd tu h•vc cxpcnis.! in nll rh,· fortnal inloml3· 
linn syst•·•m ,],·,erib.:d cMiicf-mdlk~tinl\. tnJII· 
"uf.1cturing lln¡:i"i•·~l. flnancc, an.! so lunh. llot 
tn m¡;auize rhi> ¡;roup ptnperly, thc wmpdnr 
shnuld opp<>ÍIII Jn·,·xrcotive •·ic~ prc.id,·nt fm 
inlurmdtlnll ln >UJ'<"H"Í"' th" work uf ohc ¡;tnup­
that is 10 1..1y, thc <ystcms ol1hc >tJf! vtce J'f<">i· 
dcntl, ¡he eontrollcr, thc lu¡:istits infnrmJtinn 
¡:rnup, thc mnrkctin¡ inlmm.ttinn ¡:rnup, .md '" 



/onh. But wh~t would tbb ~ccomplishl l.et me 
ignore thc bcc that no >.10< nunula~curing ur 
mMkctin¡; Cx~cutivc wou]J Jekgate tlu: n:spon· 
sihility for his in/o>rnuti011 sysrcm. 

Onc rcsuh miY,.r be rhat thi• cxccutive vice 
¡m:sidcm for i11luunmion wnuld promatc hcuer 
cuordin.alion bo.·twccn luncfi<>n.li .areas. On thc 
othcl h.and, o/ cnursc, che pruhlc·nn of coonl"uo.a· 
cion would df..l>tk:l!ly inclc".a«: in the lll;llllll.lC· 
ruring .and nMrkcring Meas b..-.:.ausc 1h~ rCSjll>n• 
sihiliry lor the infornu1iou systcms had bccn 
sepH31ed frum thc p.:o¡>lc who hold tbc !inc re· 
S¡>OilSihility. And in any cvc111, simp!y bJvin¡; 
a!l of rhc inlormminn grmt¡>S, includin¡; thc MIS 
grnllp, rcponco" •ingle •·xccmivc would h.ardly 
change 1hc <I¡J¡>rn,¡c/¡ 10 dcvdoping information 
systcms. Thus thc •¡>ce!~] v.aloe of tbe ws ~P· 
proach is still ob§CIIIC. 

In short, lt se~ms 10 me that if ~ny o/ tbc 
MIS /)l'oplc ~re COOIJI<!ICI\t to 1dl thc functioul 
opcrts wh.a~ 10 do, chcy should be in thc !une· 
!Hm~l atea. 1 ~ce no logical way ID ccnllahzc 
thc rcsponsib1!icy for al! thc managcmcnt in· 
lormmion sysr~ms. 

SignifJcant misconception 

lf thc •m approach is as f~!Jadous as ! bclicvc 
i1 10 be, !l."lw has il b.:cn ~blc ro mainuin evcn 
n sup•tlicial credibilityf 

The answer, u 1 havc h"mtcd carlier, is this; 
rhc carly success of information tcchnology in 
reoov~ling lo¡:mics SfSIOillS has bcen 10 grcal 
that che re is a natural indination to try rhc s~mc 
methods on thc company infmm~tion sysrems 
as a wholc. · 

This misconception has evo/ved in • natuul 
cnough way. Responsibility lor &!ogislics sys· 
rcm has tu.dirion::~l!y been divided among scv· 
eral nccutivcs-c.g., in purch~;;ng. in manu· 
facturing. and in marketing. This dividcd re· 
spunsihility h~s oftcn Ie3ul!cd in poor coordin.a· 
tion 1hroughour thc systcm. Furthermorc, the 
pcnple. rcsponsib]e /o¡ thc system havc oltcn 
hccn oJJ.Ja,hmncd in rhdr tncthods and rcla· 
tivcly unskilkd iu inlormation tcchniqucs. Thus 
a vacuum bas ftcqucntly cxis1cd with rcspcct to 
che rcsponsihility for a company's Jogisrics in· 
fotmation syscem imo which che burgconing 
information tcehnnlogy bu moved casi/y ~nd 
suecc.ulul!y. 

Howcvcr, as wc havc sccn, thcrc is no tcoson 
ro supposc that rhc principies ul informa1ion 
r_cchnology us.:!.l so succcssfully in rhe Jogis1ies 
are~ can be ¡;cncr~lizcd to apply to thc othcr 

• 

man"¡:;,·m,·n 1 i u formar iun sySI<·ms ·., o 1 itm ·' com· 
rany or ro 1h~ man."l\:<"ll\Cl\1 inluu\l.lll<JH s)·51cn¡ 
con~i•krcd ~~ ~ wholc. 

Thu•, whcn a ¡:roup uf nl'<'rt• hJ> ,·,.mplctcd 
its nvcrh;tul of 1hc l<•gisric$ S)•srcm, it.woll rrot 
b.: in,¡ po•itiun ro ~n:~~k th~ fin~n(l.t\, tna<kct· 
ing, or ~nr nth<"l •}">l<"m. Fir~r. 1h•· ~''"'1' will 
not h~vc rhc >¡"lt"ci"]iu np.;:ni."' requir.·d. S.:c· 
nnd, thc 1yp.;: of probkms thc ¡;hntp m~y h~ve 
found in ·th" lo¡:istiCS ~rcJ will :thnn" •~rl.oinly 
nm nist in orhcr ucas if 1h~ ·,1afh m rtwsc 
mlwr l<e"> n~c com(>"tcnt. Thiui. 1h~«· will be 
nu r~·spon>ihility v.tcuum .\>in thc lo¡;i•tin Jtta 1 

rhc MIS ¡:roup will not be in a po,itioHo <u IJkc 
over by ddJuh. 

JI }"OU h"vc ~ny douht ubout che vJhJily of 
thcSI: St.al~ntcnts, 1 sugsc•t that ynu eunlinc 
th<· kind, of things th~t any Mts group Íi doing. 
OutsiJe of che routine comrouter s~mms, you 
will almnsr ccruinly Jind thcm cnnccmcd ba· 
sic~llr 1virh par1s ni thc /ogí.iti's inlorm•linn 
sy!lcnl only. 

• 
' Roots of poor infohnation 

So f~r lhis anide hJ• been quite ncg.mvc Nuw 
J should I"tkc m suggrst sorne ro•itiH aclions 
ro mitigatc thr inform~uon criii>. il i1 c.n be 
ca!led th•t.·Bcforc lptoposc thc~t 3CIIOII>, how· 
cvet, it is .aproropriatc ro rcvicw thc cau;cs of 
mun"¡;cmcnt inlormJtion prohlems. 

As J. h:ove poimcd OUt, thc I'/ÍIIL"Í¡>JJ CJUSC 
of poor inform~tion sys1cms is tbat we h.ovc 
put incompctcnt 01 inellcctivc pcople m chJtgc 
o! these systcmlt. 

Tbe scoond~ry causes ate somcwh.n mmc 
complic~tcd. 

Growing use of computeu 

CompUIOIS and computcr·rdated 'Y.IICms •rov· 
ities havc becn growing vcry rapio.lly, and cur· 
rcntly 1be cost of thcsc Jttivilic¡ ha. bctomc 
vcry significan! in m~ny comp~nics. In ~pite of 
lorge expendituru, ho1vcver, tbc •JIIJ]iry ol thc 
infonn~tion •v~il~ble 10 man~g • .nent ~ppoors 
un"tmprovcd. 

Onc reason is, of coursc, that some computcr 
inst~llalions are not run cffcctivdy. Ann1hn ;, 
that 'the comp111er·ba~d information >y>lcms 
h~ve bccn nversold; m~n~¡:cmcnt ha1 bccn lcd 
10 cxpect mt¡~ch more rhan rt lus rctcin-d. In 
o"thu wnrds, man~gcmcm's !.liss.arisbc1ion l>"ith 
its inform~ticn occurs, not lrom any o.l~tcri¡,r•· 



1¡0n In h~ inlorm~lion syllems, bul 11om its 
;ntl~Jed upectalionl. 

/nttr/acc conrlitions 

Jndividud ~ysl~m's change and impmVc al dif· . 
Jcr~nt raJes, and this cruces probl~ms ot 1he 
intcrhccs bctween thel'll.. For example, opera· 
rinrn r~sc~rch r~~:hniques, uied in modem lo­
¡;istics •ystems, require much mo•e :;ophistit.U· 
cd cosl ac¡;ouming inlorm•rion tha11 tradi!i•mai 
cost accuunung techniqucs can gcMrue. Prob­
knts can 1lso occur at the interface betwe~n 
pr!>duction and muketing. bccause p!oductiiln-. 

,..:beduling te~hnique• ore hequently m u eh more 
~nphistÍI:atcd th~n thc te~:hniqucs OJdinuily 
uS('<] io m~Jket fo¡ec~stillg. 

Jn gcncul, rhe bcndhs o/ advanced tech­
niques m ay be- btgely los\ whe•c they ue de· 
p.:ndcm on ¡uimitive ones. !To somc utent, ol 
coursc, 1he prohlcm of pmpu coordinllion at 
thc interfaces rcflects che comp~:tcncy o! thc 
staff involvcd. Othcr 1hings bcing cqual, only 
m incompelcnt would use an advanccd teé:h­
nique whost dlcctlvencs.s would be undcJmincd 
b)·l.nadequuc suppou.l 

RiJpidity o! change 

MJny companics are changing vcry ¡;pidly, aod 
it is ncccs!.l.ry rhat thcir infotmation sys1cms 
kcrp pace. In sorne companics, iufo¡muicm sys· 
tems are no1 kcepi11g pace, To sorne cncn¡, this 
is rauscd by 1be inability olthe staff persoonel 
traditionl!ly rcspousible for infonnation sys-­
rcms to IUCI 10 change. Alter aU, many pcople 
who wcre Once pufect!Y tdequate in 1 rel.atively 
Sla!Íc situation bccome indleclive in a dynamic 
~ituation, 

Managcmenl must always opentc with insul­
fi~:icn¡ inlorma1ion. And ftequendy, !he more 
imporunt ¡he decision, the greater tbe unce!· 
uinry. In nuoy ue:~.s rhe uuth of the~ state­
mcnts is becoming more uliem because, while 
1he role of mana~menr is b<eoming more com· 
rlex, rhe ncw infornration technology is not 
hdping signifkantly. 

For example, 1 h:ive spent many ycalli working 
oo comrol systcms for deccntrali:zcd companics. 
Tire p10blemsol conuoJ in su eh rompaoic~ Joda y 
are much mo•c difficult than. they were ¡en 
)'e,us ago-iucrcases in sizc:, complexity, and &eo-

M!1,.• """~< 

graphical dispersion bave m•de cormul mtKh 
nrore difficult. Yct tbe ncw informatinn ILCh· 
rr.ology hu been o! Jiu! e bdp in this are~. Srmply 
be-cau"': che problcms of'controllin& d~l~rmal· 
bed division1 dn nor knd themselves m com­
puteri:zcd or mathemuical solutions: 

Accordingly, it is imponant to realize that 
part al our inlormation crisis resulrs ftom thc 
·nature of thc prc&ent business cnviJOnmcnt. Wr 
dlall simply bave to live with it. Tht.• dm·~ 1101 
mean, uf course, that wc should no¡ currunue 
trying to improve 1hc situation. 1 

Toward real solutions 

Jr.ny compmy that hclievcs it is bcing ¡;~nuin,; 
· m3na¡:ernent infotmation problem• and w.onts 

to wlve 1hcm shou]d considc1 thc !ollowing 
mcasures, ~ 

1. Pince compcr~nr pwplt; in tach of th~ formnl 
in/ormation ~y~rems. 

To my mind 1hcre is 110 qu~stion 1hat incum· 
¡reJency ;, thc luo.ling cause o! problems in m.m¡· 
mánagcment in!orma1ion sy~1cors. Hcncc thc 
obvio~< ;1nswc¡ is to retrain or rcpl.1cc 1hc in­
cnn.prrcnts. ' 

2. Examine rhe inrcrjac~. 

This is t>est done in conncction wilh sy>Jcm 
ev~luati"r•, and the eumination should !ocus 
on !he!:~ ev.aluulve questions: 

O Is th¡,.--e a:!.:.t~<.t.e communica1ion bc¡wrcn 
individuall;Ioup$ &1 :.all impemnt imerlacc•~ 

The cxecutivc ml¡;ht hear in mind fmmal tocb­
niqucs such as schcduled nrcetings and fomul 

· agrccmc11ts. 
O Does each group in volved in an intcrl~~.e 

know cr,ough about the o1her interf.aciog •l'•· 
tcms to do its fob cffectively! 

This is a qucs1ion of cdu~:ation. Fnr nample, 
cost ~ccountallts should know cnongh abuu1 
comp~ny opcrations.rese~rch modd• to be surc 
1hcsc models ~re providing COIICCI inloJm•tinr¡; 
or, u thc Vtl)' leas!, thcy should be ~ble ron· 
pl;;.in 10 1he OR SIOUp 1he >c!c\'3!11 limi!Jtinrr• 
ol thc inlorm.11iotl thcir group c~n suppl¡·. On 
1hc orhcr hand, thc OR pcopk should lrww 
cnough abou1 cost accounting 10 as k for1hc •i.;lu 
1)'1'1: of o.lau and 10 appreciatc 1he limitJtiuu• in 
!he d3ta d1cy iCCCÍVC. 

Jlut .11!thou¡:h this is (liincip.11ly 3 rllll!tr ul 



,.Jucntion, it m~y wdl be tbat somc $tJif tn¿m­
l>cr~ nrc uot imdk'<tu;~lly ""l"ll>lc o[ hamllin¡: 
ion,·rf~~e rcquircmcnr•, ami thcy may havc U> 

he· rcpla~ciL 

.l. E''!""" lite I••J:I.<IIn JYJicrn. 

Origino~lly m~ll)" h•¡:·,.,k• ~)·~tcms wcrc urg~ni:o:·d 
fnr m~nu,ol d~ra prucnsinc anJ h.ovc ncvcr b,•cn 
dr.on¡:cd. Equ •• !ly, oh,· p"Jcurcrnc·nt, pomhocoion, 
.tnll di>trihutinn Íllncllolls typi.-.olly r~port m 
Jilfcrcnr cxccutiv~•. ~mi cnn..,qucntly no onc is 
fmm;olly ''"r<>n•ihk lur thc lu¡:istic~ informatiom 
s1·•t•·m. Sincc io i• lwrc thar cumpntc·rs and in· 
ÍoflllJriun •~chnuln¡:)' .,e most applicJbk, man­
~g•·mcnt should rvaluatc its logistics arta ~nd, 

Ro"J'·" p;rucul.orly inl<'<<"~d in <hi• mplc n>Oy wish 
w cnnsul1 <h<sc ¡•1<·1inu> HBR anicl~ hy Pr~f••wr 
lk·JHlcn: 
··C•n Mdlld~C"'~"' !nfo,.nld!ÍOn [k Auobmdl<d~~ 

,\\;ah·Apdl o y~.¡. p ... a. 
'"C<>mruo~•" Nu lmroc• on o;,;,;,,.,¡ Cunuul,~ 

¡,,.,,,.,). h:bntdO)" ·~67, 1'· 'XI· 
"11"" '" O<~Jotizo lnformauun ~J'""'"·" .~brch·Arril 
' ·~h;, 1'· 6¡. 
",\h oh of Real· Timo M.IIIJ~•·mcnl 1 nfollliJIÍon," M•r· 

lu"c 19M, 1' fl). 

fuf mofo f'C!SI'<toi•·o On oho c.,. . .,,. conuo•ony, 
iuJc11 nuy .¡ .. , find Jhc..., HBR anida hdpiu!: 
Wotr<n f. M,·f•rbn, '"l'rnhlom; in PIOJ>llin& oh< In· 

l<>tm•omn ~Y>IOIII," Much·April 1971, p. 1¡. 
WoiJ,.,n M. Z..ni, "Biucprin< lnr MIS," Nm·on>b<r· 

Oc·c~mber 1~70, ¡>. ~¡. 

whcrc :~ppropriatc, rrorgani~c it and make a Stalf 
unil, JCSponsiblc lfl> i¡, lflgisrics information syo· 
totn, repon to the company officer who dirccts 
thc logistic •r~te.rn itsclf. 

/ 

4. Org-mizc\ ,;e,llril t·omputcr grullp for sy1tems 
.nmrol. ' -

Computcr use wiH continuc 10 cxpand, and it is 
vit~l that man~gcmcn-t maintain central cootro.l 
oVcr computcrs ami cnmpu!tr·l.>ascd information 
s)<stcms.• Su eh a g10up should be rcsponsibk lor 
ovcrsccing all computcr·rcbtcd WOik-lor long· 
Tangc planning, coordination, and conuol of all 
éomput~r acquisition• and applications. In adJi· 
rion, tt should he rcspooniblc lor coor<.linuing 

o....., w • .,., F. "''•.U.. _,_ .. ""'"'"' oK ,.,.,,.,_ 
"'""'"'- ,,.~ ........ A,.a ,,.,, ,. ,. 

CtllUJllll<"l•h~>eJ sy•tems ~•HI mi¡;ht cv~n umkr· 
Mkc thc JySicm• nml impkna·ntJtiun ""'k 111 ~ 
•im~tion wh~rc severa) or¡;aniz~tiun ¡;rnup> US!: 

thc samr <.l~t~ h~se. 1 
Mo$1 comp~niC$ 3lr(,,.\y hav( •uch ¡:wups. 

Sume 3rc CY(I\ c31lcd "~m '""'P~." oltholl¡;h, in 
rc..lity, th~y luvc authmitY only ovcr computcr· 
Jd.11cd work. 

.i Crc<JI<,' mt ,n/ouini.ltmr ioJI \'h ,• ¡•n· ,;,¡,,., 1, i/ o m~ 
duc> not ¡¡/rc,rrlr ~xist. 

1 rc-cnnnncnJ thc Cf(alion of an orJJCc to which 
thc following rcron: · 

O Thc coomollcr. 
O Thc ue~•urer. 
O The wmputer ~nd sys1~1ns groop. 
O Thc !cg3l office. 
OThc in<lustri~l relariotl~ olficc. 
O Othcr offi.:c•lor company rd.Hions jlh~t i•, 

public Jnd govcrnmeotall. 
O OrganlzotiOn piJnning. 

The m~rkcring, tnJnubcturing, and R.<. O ¡;oou,•s 
w~u!d co;>niÍlllle to he iodepcndcoll. 

Such an ufficc has severo) advaoH.>g,•s: 
::::J It p>uvidc• bdter control ovcr thc ,,.ff ac· 

tivitics. The mc•c•smg nnmhcr oi 'I.!II npcr•· 
nons, togcthcr with their incn".1>ing •p,·nJliZ~· 
tion, has madc it ncarly impobohlc lor rhc prc~i· 
dcn1 to extiCise real coouol hc!C. An Jdmin· 
btrUivc vice prc>idcm can ncrcisc mnch more 
ellective cnmrnl ovtr the si;:c alld d"ccflon ol 
ohc•c ncrivities. 

O lt pruvidcs a practica] ~he> nat i1·c w loe Jt in¡: 
thc computer. and systenu group in rhc con· 
troller's o/ficc. An administrativc vice l"estd<nl 
can proviJc cffcctivc supc:rvi~ion ~nd, .ot thc 
s.antt time, m~imain an oblectivtly th~• a con· 
uol!cr oft~n ñnd~ difficult bec.usc of his in· 
volvemrm with speciñc cornputcr ~p¡>liNtiuns. 

O Ir allows thc company m h•ndlc m"r>o.d!an­
eous projects c~si!y-lor cxamplc, an cvJI .Jtion 
ol ~ lu!lction~l information S)"Stcm 01 '" Jllaly· 
..;s' of 1he form~! inlormJtion ~mwng the p1csi· 
dcn1's olficr. To take carc of nom~curring or 
p~rticular!y prcuing inlorm~linn ~)"'"" pmb· 
lems, fr~<¡Ucntly 1he bc:st an•ngcmcou i• to Ol· 
ganize tcmpoury t~sk for~cs th•t rcpoot to thc 
adrninisl!~tivc vice pt<sidcnt. 

O lt sim¡>liño:s ¡he process. uf coorJi" .ui ng •t~ff 
off ices. 

Howcvcr, 1 would no! makc thc odmini,trJtivc 
vice ptcsidcnt or thc officcs •o.·rortno¡; to him 



rcsponsible for thc enlirc managemcnt infor· 
mnion system. Marketing. m•nufacturing. 1nd 
R&D would all be rcsponsible for thcir own In· 
formation sy•tC01$. Also, thc diffcr~nt actlvities 
·r~porting to bis oftícc would dcvclop tbcir in· 
formation systcms In rcbtivc indcpcndcnce.cx· 
ccpt wherc intcrbcc communiutions are iq 
question. 

Que.stions for my critics 

Incvitably,.l ,hall be aceusc:d of sctting up a 
suaw íssuc in ·thi$ article and tbcn dcmolisb· 
ing 11. 

11 thc Mrs ~pproacb rc.Uly embraces only com·· 
. puter·bascd inform~tion systems or ccnt•~lizcd 

logistics · systems, rhcn 1 have sct up a stra>Y 
is.mc. No harm has bun done, howcver, becaus.c 
1 ha ve u lcau clarified thc muning of "Mts." 

But 1 cannm bdicve rhe concept is meant to 
embrace only tbis. 1 bavc done my bcst to dis· 
CO\"tl what thc MIS approach te.al!y is, through 
talking wilh ils proponcnts and studying its 
litcr~ture; and tbis artidc honcstly re¡uescnts 
my best undemanding. 

lf J am conect in bclievins that the approach 

prctcnds to embrace more than computcril~J 
Jystcms and logislits, thcn 1 havc nm sct up a 
straw issue. And tho:;c who doub1 my conclu· 
slons, ncgarivc u thes.c may be, would be wi>t 
to ask th~ms.clves the lollowing qucstions bdo1c 
rhcy take up che pen oJ protat: · 

O Whieh information systems are 10 be ln· 
.cluded in th.e MJs! 

O What kinds of expcrts are to be i¡,dudcd in 
an MtS group, and what uaining ~hall rhcy havcl 

O Wherc is this g.oup to fi1 imo tht wrporate 
Oi¡¡;tnizati"nlln panicular, what will happ~n lo 
thc s1afi g1oups from •he controllc•'s oflicc, 1he 
icial departmen" 1he ma1kcüng ttr.catch dqun· 
ment, and so fonh! 

O What authority is rhc ~us group 10 havel 
ls it to hn•c authodry 10 .!esign and implcnmn 
systcms, or is it to serve in an advison· !uno· 
tion only1 

O What can this group accomr!hh th~t c.mno1 
be beuer accompli>héd by p!acing infurnmwn 
spccialists undcr functioru! g>oupsi 

Arguing thc viability of 1he MI> drptOJ<:h " 
pointlcss unl~ss answers to thesc qu~;non• ~~~ 
scl forth clcdrly. And the dea•er the ~n>wn>, 1 
believe, thc h1ore uansparent 1he MIS ttur.tgt'. 

Scientists 
& critics 

Thc crhkism of •ckncc in 1hc twcntietb ccotuTy is a kind of !<"· "'''".'"' 
ocmcwlut cquh·olcnt ID critkUin¡ 1hc Rom•n C•1hohc Chu~eh >n •h"c 
twdllh CCill<>fl'. h is scldom •••li:td 1b" cvcry /orm .,¡ lllt<llcctu.tl .¡,. 
dcovor WHh tho •~ception of a<ioncc h., bmh proculinncn •n<l >nlutmt·d 

Mouu11<1 T aubt. 
c .. mp,.rrrund C<>~~unon s.,.., 
N<~>· York, Colurnhi• Uni•·ct>lty 
Preu, w~•.rP· '"· ,.._ 

· c.ritics. Thc.., crili'> in o he Jkld• ol J'O"Irf. lkriun, dr~m.o. p•inting. 1<ul¡~ 
turc, music, etc., not cnly luncrion os intcrprctcts ol rhc rr~ctiriouc,. '" 
the general publk, but u criric• who cuntpuc •nd e<altt•tc thc """'k ol 
rhc prauiriunc.-. A crilic who n••cr wr<>IC a ro<:m, com¡>O><d • sc<>r<. or 
)>ainltd a píc1uo• m•y porfurm rhc •·•l~•blc sen·ico of norin¡ 1hJ1 a r••· 
tlcular ro<:m, ocore, 01 palntin~ i1 uninspi red, shoJd¡•. or imiratit e. Futtb<t· 
more, no one 1orlowly 1upposcs rhot thc work ol•uch <ri1ic1 con.ritult·o 
cmocuhip or rnr¡icrion on 1hc lrtt cruli•c •piri10 o/ JIOCti, mu>ici•ns. 
ot paintctl. Bul sdcnt410 hO>·e fn•i><td thot any "¡,;d..,. u/ rh<ir work 
~uco COMtitu<e crn:<onhfp or a loilllK ID oppt«Í>I<' the n«<"'"'ÍIY lar 
''b•llc" lwhich IQII>etimcs •hould bt ro•d U rri•·ial or u..,l~l ,,,.·;rch ..•. 

_The way ohin..:> ••• nuw, il somcone ••n '"'by \IIth Pl<"<"""'rrin~ thc 
use of rhe rcrn> "ocico~" he is rd•rhcly /r,·c frum "'"'""'" Js .• , h.ul''"' 
C\"Cll JI he i• onc. 
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Data architecture and 
data model consideratians* 

by EDGI\R H. SIDLEV unJ L.ARRV KJ:RSCHBERQ 

t.'*"'..,.--~~--c ............. M...,...., 

AIISTRo'CT 

lb< o~t• Hase Ma~a¡:om~n! Systcm is naw 1 "'cll "'''b­
b·t-..."'11 l"'n of inf<>rmation •ntems tcchr.oi"'Y· btot !be 
.,...,¡- •rchitocturcs and tbooil plethon ol" d>to modols an 
,.,nfu>in¡: to b.>th thc pr;octitiuncr •nd rc•carcltcr. In !he 
""''· ~llcmpl5 h'"" be~n madc tu Cl>"'f"'IC 1nd <onltall 
"""" <>1' '"""' 'Y''"""· btot tl'le ,,.,, .. , diffoeully ari"'' in 
"""~in, • comm<.>n b>.si•. Thio p;tprr auemp11 to •hn~>· how 
• ~··ncr:tli<Od d."l 'Y"""' IGDS), ropr .. cnted by two 
Jtflúcnl moclels, could form Wch • basis; it tllo:n 1>"'1"'"" 
th.u data poticy definitions •~• rostrict the GDS to 1 

'l"''"i•ltud model. such as a relationat or DBTO·tike 
"""*"1. Finalty. it propo"'s thltthis conccpt form• • bcuer 
..,...;, for d>.ta SINCIUR dclÓp ol specif"' systcm applóc., ........ 
ISTRODUCTION 

lbc "'venties h.oo seen !he acccptance ol 1~ datal>;¡iiC 
"""'"f"mcnl syotcm !081>15) . .Comrnerci:>t I)'IICII>S and 
'""'~rch df...u hove protiferated, and tboo ou~joa hu 
llnumc 1 mojO< confcrcncc lopóc. Huwevcr, the potcntial 
"""' is stilt kft witb moll of lbe quntio~• tllat (if"$1 
•rr<'>r<d' Whóch ;, thc bnt 'Y"<m1 ""' 1 lockifl& myoclf 
int<> one tcchniquc or imptcmcntation mctho<l~ 

Tbcre h,.c bccn otteonpto •t uplainina oimilaritico 10nd 
ddfcrcncct io thc basóc d:u"'s .,¡ systems,U debate"" tbe 
<fknivncss ol difTC'ten\ dala modelo,' aDd dc'ocriptWn el 
tl'le sckction and acqui•ilion procc11,• but cunfuoion re· 
.....;.,., 

r..,.;bly thc n:uoa. ror dilToculty io: 

l. Tbe topic io cumpl~•. DBMS c>.lot. but t~cy ate so 
d¡lfcrnl lhollbey ddy ,.;mplc com¡mi>INl. n.cy atoo 
run tl>c pmul .,r >Íl< •~d .. >phi>tk•tion, 

l. Thcy dillcr in mcthWui"'Y ol dAta mt>o,lctlin¡, rct.oir¡. 
ifiJ, ond qucl')'in,, "' ""U u tl>cir i~tcr!131 ston¡¡e. 

'n.. '"'""'' ~;.- 10 """' lio<w JI'-'"""""' tho ll S "~' Computot 
l'"''"' Co..,..nd ,...,, w ... p ,,.,. ........., I>MC:OO.Tfl.(; 0)110 HUI<' 
........... , "'llot T<.-J..aioo >o.l $~.o.~.<...._,. of lld.wul ...,¡ ""•""' 
1 ,,.. 0... .._,, ................. _...., .... lffiiiO<..ol ... ;. •• 

........ _, 

Tcttina i• ••pcnsivc: .. ,.,... '""''"""'·'""" >)'>!cm 
mull he impkm.:nt<d un "'"~r.tl t>OMS fU< ""mpari­
son, or diff..,ult >imutatiun>' ~re nccolcd. 

Funher probkm• ,,; ... in lotfC<' .... te datat......, •c.r~r.:h and 
ll>cre is nccd for a cummon h.t•i•' a> a f<>rm.tli>m for 
describin~ s.uch •YSICms. Mctil<>d> uf dofinin~ thc functiun· 
allty of DBMS include ""' tl'leory olkl V>Ph 111<<>1) ,...,. 
""'""·' This papcr uncmpto 1<> ...,r,..., •uch ~ c<>mmon 
N,;,, and >h.>\11' how j¡ can be u-cd t<> •<>mpar< m...Jd>. 

DEVELOPMENT OF A FRAMI::\\'OKK 

There are at kast thRe dilliiiCI k:~d• in an inf<>ru»lion 
•Y<l<m: !he inform;,ti<>n and il> '"'""'u"'. thc J•t" m•"-'<1, 
and !he •IOr;t~ •tn•c•urin,. Ob•·iuusly, "" •ho<l P·'l"'' can 
o:over all thru, and ...., wiU o:..n.:cnlr.<l< <>n !he dot.t modcl. 
How .. cr, con"dcr.ui<>~ muso to.: l'i••• tu tl'le inf,>rmalion 
IY>lcmldata m<><lcl intcñllCC 111 ~~ thc "''!'< fur ";?'' to> 
dc(ine o 1<><><1 d:tta m .. del ,.·ith it.< lk'Cd Id rdl<cl thc way 
data an: intcrrd:.tcd. """"""'~""'· ~oo rr·~cct<d. 

A ,¡,,. /fladrl i• a oystcm in ~>hi.:h 4 ocbcma mar be 
ddincd; thc DDLC'1 dctinition tan¡u~c' i• principdlly a 
mccl\;lnism for dcliiiÍfl& the """'''' ~lkl ~urib'""' uf <bta 
clcm<nl•. pnupinJS. oncl..rclotti.>no.hi('O>. "hite thc Jdiniliun 
of p<tticy tintccrity, occurity, cffidcnc¡•, etc.¡ is •lmu>t on 
aftonhooJht. 

n.crc is IJl ;..,portan¡ intcñ>« t>ct,.cm rb- ur¡:..niuliun 
vkw of inf.,..,.,atiun und tl>c d.u:i ..,,...,, '"""ru«C'd '" 
rcprc..,nt h. This inlcrfa<:c ;,. bcin¡: in•c•lt~•t<d by re· 
ocarchcn who ,¡.. allcmptina: 1u define a P""'"" rur 
rrod<ll.'iRt a~ data"""' .¡,..i~n ~i•·•n a'"' .,r ""'' "''"d' 
"' a>piratiuno. Rdcrcncc 9 is a """'"r uf ,·um·nt to,·h· 
niqliCo. 

Compklc kl»>,.ktl¡c of tbe inf,..-m.,tkm •)•t<m on.J ih 
d;tl> U>~C Chdn>ctoritc• thc c.•mpany. 01"''·'""' r-•t,.;y, 
howcvcr, •ummarile< tht intcm.1l """''"'¡"" ,,f thc ur¡:;tni· 
Z~tiun, :>nd !be ,.·ay th.ltthc (unctiunJJ "'~'~'!cm' ÍnlCf;oo;l; 
1>1>0 OUt~ rcfcrs IU thnc a> <>l"'r•tive an,J dir«tivc 



lnfonn:ltion IIN~turcs. Sew:r:ll rnc~hen"·" han re­
ccnlty wdvucatcd tbc ccollcction of tr.m.,ction• u • buls 
r~. do.irnin; h'I!H::al dauo 11,..;\u.a. 

(Nq'""'· howcvcr. ;. 10 dcvch>p a r ... mc .. ·or\ lm which 10 
otu<ly d. o t. tnD<kh. nOO tm lnco'l"'ralc itnponanl poramclcn 
uf thc 1n1crfa<e into thc d~l.ll mockl: Data UtiliZ>tÍ<>ll IJid 
Opcr~tin~ Pulicy. By incorpor~tin~ IJICIC p;u-3111Ctcn lnao 
thc doota model rr~mcwork we upo;:ct to ••amine ,.,...,¡ 

• 
• E\pl:oin •ubtlc dill"crcnea, 
• l:.,pltuc dcd:onli~c vcr.;u, proecduralupccu, and 
• Ctoo.ractcriu tl>eir ""1-CmanticL" 

A ~<cflt .,..pcr<• propo><s <bJ.I the~ are f(JIIr obwo.<:tioD 
l~vch for dala machines and models. Thc>C, in in<rtlSÍIII 
~b.tn.:tion, are: 

l. Thr DrflMó 1011Ó Pap,/atró lñuniHut: 1 t"ully opc,.• 
ti.on.ol data •Y"""'· "'Íih dalabal.< dcfoncd via oome 
dcfonilion l.an{ll..,. 

• Tho• Do~Mh"'r SyJJtm: it involvcs no data, but rcpre­
scn!S a spccíf"' •Y•tem. willo ÍU dcscription. 

J. Th• V..ut AloJt/: thc data oyotcm prior 10 ill applica­
tiun. Thc cla•oleo) or dota llnlctu~• 1hot may be 
"'pponcd by lhe oyucrn 111""' btcn fl•cd. bul DOl 
U>Cd. • 

~- Do~rtt .1/o..J~/ Th~ory: a conccplual or JCIICr>li:cd data 
basc man.1~cment •r•tcm ~IICII\or, ao011mcd to be 
able tu "'PP"M all oi•>$CI uf data modelo. 

Tb<-oc lcvcb fonn 1 pi"Otl"noion: Frocn OIIC to four il 
~b;tr.,ctíon-fmm fuur·lo OIIC Íl u<ilil.Otion; oacb leve! 
""'"rdlly ,uJo.,umu or >Ub><Uthe p«Viouo """· 

A> :.n n<tmplc. l..evcl l ma~ be 1 Rclational Modcl;" 
i.c .• ;, ~an "'Pport a rclation;ol dala •r•tcm."but no otbu. 
Thcn Lcvcl ! mi¡:h> be the imrkmentatiou of 1 poyroll data 
dclinitiun; i.c .• a definilion of tho>< itonu tand. lhcir attri­
l>ut""l with procc<lu.a mal.i"' up 1 scl;.,io....t po.yroU 
oy<tcm. 1!.:1 l..cvd 1. wc ..., oc\1 al poyrolltupiCI; l.e .• 
cntric, '"' <pccifk pcoplc. 

We •hall ""' <hi• COfiCepl :u a i.&<io fur lile p<~pcr. 
""'""'"'.- 1b.orc ..re >pccial <>pct".OIÍOno perfuroncd ift soi"' 
frum une l~vd lo UII<Oihor. dcfincd •• fullows; 

• l...cvd • tu J: O..ta Policy Dcliníti"". 
In thio ""P· th< mon:o¡:cmcnt and inform:otiun •r•tcm 
.J..,_;~...,,.., •l.otc tl>c m:ojor • .,,..,,...;,.¡,en the cpcr~tional 
'Y•I<tn. l"hc ,,..,ultin¡: data """"'1 tor d~tabasc ma• 
cbind al l.covd l io rc.trictcd: only """"' <LonCI al 
.S.ta ''"'"""..,:ore ...,... ~lluwod;"""" typc• of opcra­
tion •n· rc.,rictod ... lluwin~ priva< y ur '"""rity tpulicy) 
ded,iun• <o 1>< •t~tcd; ou""' •<tions ••• rcrfurmcd 
outum:olically. all.>win' v•lio!otion and intc~ril) lpolic)'l 
tu be stated. 

• l...cvd J \O!: 0..\a OP<'r,t.tiun O.:(•nitiolo.. 

H•~. thc adminii.IRtioll is ""'rkin1 with a rutrictcd 
•n>cm in "hi<h dlr.ta 0\MJC\UA:. SD~M dlicicncy, and 
•pccirLC policy con•idcr•<ion• may bt ""lcd: e 1·· Dalll 
Puhr:r Definilion •pcci(,..¡ • rcl.atiunal •r•t•rn willl 
validation al input. now D.ota Dpcration O.fonitioD 
define• 1 dat.oba>C of !·tuplco invul•in~ •O<Ídl .. curity 
number and ~~:~me. -..herc <be formo:< i< • ninc di¡;it 
clcment: Thi> alw in<>lvos ddinotion of thi procc• 
dures for buil4i~~&. ~n:~int;Unín¡. n:.onipu!diÍn¡ and re• 
oricvinc dala. 

• l..<vcl! to 1: Data PopulatioR ond Utilization. 
Finally thc data mu>l be loadcd and us.cd. 

L.evel 4 data ar~hite<\UA: or >y<tem c~n he vi<wed u 
cithcr a thcor)" or a """'bine: i.c .• lS cith« an abstrae\ 
o;k$Criptil>ll of a mcthod, or u a mach1nc inopkmr:ntallon of 
\ha\ meohod. lf thc concepll of l..evcl 4 <an bt c•r•c<'><d in 
oetlbet>r)·, thcn 111< ··.....,hinc" COIIId be eilhc• • lhcorctkal 
or wof]¡in' oct proccuor. In thio papcr. we diocu" two 
candida<e• for l..evc) 4 machÍIICI, and thcn >i>uw 1\uw c..:b 
may be rc1\nctcd to l..evcl 3 mar:hincto. 1L io. hu,.cver, ul 
tantamount imponance 1h11 thc>• ""><hineo bc Uuly sen· 
cnol. and thio curcioc i> an at«mpl\0 ohow <he need and 
;cncraluy. •• wcll •• 10 illu.,r.ue Lhc p:om and "'" of ouch 
ma<:hines. Obvi<>u01y. if thc l..<vcl ~ machittc Í< >Uff>eienUy 
¡cnctal. it wiU CO>"U all po>oibl< d:lta •=hiiiC> al l.co•cl ) 
tatl<tsl ~lau"on:~l, hie11rchic. and nc1work modcl>). 11 rnay 

'be considcrcd a meta--data modcl or S<IICrali'"d dot.o •Y•· 
lcm (GDS). Funher,.,..,. tbc use of wch a 'Y''"'" pro•idco 
a frame"'or\ for dota modcl comp:ori1<>11. 

Thc two modelo di><u•oed herc. are: 

i. Thc Functional Model' lUid 
ii. Thc Sel Thco~tic 1nd l'.•tcnded Se\ Pr<><cuor""" 

n><><lilicd lo allaw dota pulicy and data Op..ration 
dcfinition. 

THE FUNCTIONAL MODEL OF DATA 

Hcrc """ con•idcr tbc Functional Modcl of fl•ta as o 
GDS. First. Levcl4 otni<IU~ is P~"'"'""· thcn dJto pulicy 
o:un•tratnu. •~ •l><o"'ft 10 add r,..m and uructu« 1o thc 
modcl. The cun>Lr~ints aA: >Cm:uuk. andallo,.· 1hc Func­
tional Modcl Lo he vie...,cd in "''"ictcd ••••• •• cithcr 
scl>tiunal ot OBTG (IICI"ork) <loo!>. "'odclo. 

Lucl 4 is 1 meta-data levcl., bese ""' Fuoc<i,.n.ol Mo.o.l<l 
oC <lato Í> vietled "' a di«Cico.l p-:oph: 'h n<'<~<• roprc..cnl 
><11 ~nd ill :ose• rcp«>CIII IUial fun<li""'· N...Jc< ·"< <Íih<< 
cn1i1y >e\1 or val.,. uts. t::~llry Srl• m.oy h.••• :ony numl><t 
of incomina or <>Ut¡,:oinl ar<>: 1".,¡,, S,·u m.•y !•wc only 
incon>Í"' are•. 1>.-.:""oe ••valueo"" are lhc uhimote lo~i<al 



¡rprncntation of infllfmati""· oo ""' •n:• kiYC niiX Jet 
........ A t¡·rK~I Lcvcl4 Functi<>n.11 Moo.Jcl 'rJph io ohllwn ... ,., ........ 

Tt>< dcfonitiunal f:·~~itin fN thc lt•cl 4 Fu~><ti.>MI 

~h>tkl cn<l'i•t• of thrcc crcatiun """ ,..min1 npcr.otions fN 
,Jh>< KU. <ntity ><11. and fun~ti.•n:tl >pccifocJtioa of"" 
rntity oct (i.c., 'rocir.~utiun uf functiuns whooc dum.1in;,. 
tll< ontity ..:U. 

Thcn: are al>o npcrntiuno f<>< dcktin¡ •aluc ..:b. C11\ity 
"'11. and fun<tion•. T"" d~l~tion of"lraliono havo lile f<JI• 
¡,, ina oidc..,ff«to: 

o l).'ktiun nf an ~ntity ><1 Al"' imrti .. dcktion nf th•"" 
function\ inddcnl nn it ll>oth incumi111 and '""~"i"l'l: 

o D<lotion ,.¡a >;oluc •~1 aho implico dd<tion o( lhu>< 
funcoiono inciden! un it: 

o D<lction of • funcoicn d<>Oo not offcct ill dnm,in "nd 
ran¡c octo, but .ame may b<co .... i>Oialod nodos anc1 
ll\liY no lon;or be rclcvam. 

/I.Jra poli<"J dtflniti.M 

o Thc mclhodut<>¡:y to be u><d 10 obtain 1hc dala otruc· 
lllfU. 

o Thc rcpn:ocno.uinn of clomcnto in thc nodco ti.< .• ocll) 
of lhc Func1ionat Mudct v>ph. 

o Thc lo;ical acccu mccbanismo lo be supponcd 11 
ltvcl J. 

\\'hile bolh infor111.1tiun and mona;cmcnt pcli<;y r•mifiCI· 
tiono ll\liY be llll<d in 1 dcdaratiYe fa<hiool (CODASYL. 

Iom,, ~ .. • 1 

fohokl •r 

F";pn ,_,_......,. - ...... " lt>d 1 

0..1~ An:hit..:tun: and llo.ta Mudol Co~.W~r~tiuno 17 

DDL.."l. man.~""'nt policico an: ofln <nfor<ed by tran ... 
~ction-~rivcn ""tri¡:¡:crJ."" 

To refine IM>< id<10 wc flnl aoldrc<• LM r~miftcation• <:1 
d.,l~ pnliq. Tloc """! im¡;...n...,, d.-.:i..;un io thc choice uf 
daLa m<><lcl mcth<>d"l"t:Y: 1hi• wilt dclcrminc lhc ri~hn.:u 
and cumpl<lity .. r lh< aiiOW"~hlc d:u~ ot""'lun:.. Thc mcth· 
<><llli<'&Y .ld<'pl<d in 1ho Fun<IK>R.II ~t.Kid ;, •<m:ontic prc· 
dioaLio.>n orul)·•i•." o P'"'"'" dcvclur<d on on.oly:c th< 

""""'"''" •tru<lu"' .,r ... nl<non. 
A prrdicaLi<>n reprcwnt• a _.h<>lc wntcno·c: <.g .• an 

.. ...,.,;...,, • comm.>nd. ora qu«tioa: it m:ty k <kNmp..•><d 
inln •cm. onc. ur 1"" '"~"""'"" und a prcdioalc. Al~u· 
flltnh OI.IY tl>o:m"'lv<'• t.. prc<licatio•n•. ··o.,. n~r .odcd pred­
Í<•tiun<"" may qualify IUfun>tnlO 11hc >cm.onti< ~qui»lent 
uf aJj,•cli•·,j d•u-.:11 ur m:>y modify f'l"<di<•l<> llh< •~ni>R· 
Li< cquiv"lcnt uf :•hcrbial d;nt.nl. Tho ¡.,., .. 1 '""manti<: 
lcvcl cun•i•l• <>f \om.onoic /oatur .. "hich '""""< •• alomk 
ocmantic ~eocripti,>n unito. o,,.n;r.ukd prodic.";.,"' pl .. y 
\he rok u( \Cm~ntic ftalu"'' o( lloc "'1Um<n11 or ptedicatn 
lhal thcy quahfy or ""Kiofy. 

llore wc """""' ttlal a •p«if>eation of ...,, .. intcrr<b.lion• 
•hipo io uailal>l<. Thc' infctmoticn an•lyot"• role il lo 
obtain lhe ccrrcspcnd•llll p.rcdi<:oticn ilntctureo and map 
these to thc Funcl;,,~ Modcl (a:t ab•tr.~clion proccn). 
C<>t~siJcr tbe otatcmont: 

•"Companics suppty p.¡no te dcpamncnto in'""'" •olumo'" 

' 
Thc prodicalion """'!""';, ohown in Fiaurc l .... r.crc ti>< 
ma.in p"'dKation otructure ""comp;oni.- ouppl)" parlo"' i> 
repr<><nlod by 11>< ptcdi<:31iun PN, wilh atB"""'"" A, 
CCOMPANIESJ. A, IP"' RTS) lUid r•edi.:oto P, CSUPPL YJ. 
Thc ofTOW under SUPPL.Y Jc~•• 1hc: ditcc1inn of lh< 
relation>Júp rtpk"\<nl~d by PN1; it COfTOSpcndo lO !he 
•ctivc Yoicc of P,. PN, •nd PN, oro duwn¡w•d•d modofyina 
pn:dK•'"'"' reprc><nlinJIM indlrecl objcct and a•herbi&t 
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lnformntl<>n, "''P"cd~ely. The X'o rtfer to P,. "'hiel!. their 
~om:opoftdina protlícatiano modil'y. Sc:rn.'lfttic futurn an: 
t'IOL Pf'l''""' in thi• eumple, t>ltt eom:•po"" to dncriptiono 
of the arrumcnll JCOMPANIES. PARTS. DEPART· 
MENTS and VOLUMEl. For oo~mr!<'. DEPARTMENTS 
mi,ht b< chatol<tcrizcd by NAME, ADDRESS, ond NUM· 
DER. 

Thc <h"icc of thc "~"ntction ., .. d to mop pf'l'dicatoon 
mucturc• Lo Fur><:LiOII.ll, Modcl dol<l Olo"loCtnrco it f"'n of 
d.at> policy. Ao an uamplc. the modc! mi~L be re>trictotl 
•• fullowl: 

o S.mantic fcalUf'l'l map lo fu~~etiano "hosc ntn¡c SCLI 

are »h>e '""· 
o Ar~nffi<nt• """<<pollllin~ to .''f'l'ol·l"'>>'id" cnt;tics ""'P 

to ""mcd ~''""""' sets. 
o Prcdicationo map t<> n;unC1I prNication scu. and tbe 

.,..,. pointin¡ Lo ar,umcnll be-come t1amcd fut~etions. 
Al..:o thc prcdicatc and ill om>W ore •ttaclh:d to U1c 
prrJk"tion sct. 

o [)('1,. "'r.ulod protlicalions are rcpr .. cntt4 by fuiiCLioou 
"hot< do .... in is tbc m;Ún prc.Jieation t<l and mn¡;e i1 

~itMr on '""'"""' ool ora voltw: KL, 

F't~ore _l dep'"'" 11>< Functional Model d-11<1 •truc1urc 1><1..-.1 
"" thc rrOdicati.>n mucturc .,(Fí,urc 2 •nd Lb. ab.>~e 
"~''"'"ti<>n rules. 

Thu• Lb. eh,i.·c of Lhe n>clho>tlol""y U'ICd L<> m...Jd '"" 
or¡:.~niJ•LiL•n ;.. onc ••pcet <>1' d.ota policy ,.hkh ind"""' 
"ruc1uu in ~"'"'"~ from lo•d • tu 1-"•<1 ). At lcvcll Ll>e 
Fun.:ti.onal M"dd ha> cntity ""' d;IS>iflod "' eitMr predica• 
LÍoln >CI.\ Uf •r~U-RI >CL> (.S.,.,.otod f> •nd A, L<>f>C.:lÍYOJy) 
and •·ah'" '"" rcm:.~in uoch;on~.-..1. Func¡ion• pcñ<>rm '"'" 
follo<: a function may pruvid,• inf,,.malion ~l>out a predica• 
tion •tru<turc or iL may "'"'""'"' u ,.•m:onli< fo•lurc. The 
d.>l• \liU<lUfC< '"l'l">fl<d ~Y lh< pr.·d~".olio>n ~n.tlt•ÍI ~nd 

.~,u.~ "''" r'"'~" ,,,.. d.-r~·t,·d in l'·~urc ~. All '"'''' .!••• 
'"'" ,,,,.. ,,,.. "''"'"'· r .. • •1•• 1 ""·'""'·'' Mo,Jd_ ""' """' 
,,.,.,,, "' "' '"" ... "' .. l.l"··· ,,,,¡,,,.,, 

. . . , ,, .. , .. .. • •• 

• Func:tiont emall"-ti"' from ~ Pl<dication seL <an1101 
ha•• prodic~liaQ Ktl .. n.n¡ea, 

Lhen only ca>el ~ al\d dore admi<<iblc. This ¡, JllOCi\ely ll>e 
ene in lho Enlity-Rolatiun\hip rnodel," ,..he<c prcdÍCa!ion 
~nd arl"'m<nt '"" uc c~!lcd rclation•hip '"" ond cno'ttj 
<<11. fhf"'elhely. In lile Func!óon:ol ~lodel are. all rcpr., 
><nt ¡otal funetiun•. ,.herca> in lhr Entit)··R<I•li<>n'thi, 
modcl occs are oilhor L·.N mappin~· (for ont'tly ••1• lo 
rclitLion•hip scl•l or functinn<lf..,.. entiLy «1> Lo -oluo SChl. 

So f•r. ,.,. h:L•o only cuno.idored thc moth<lllolosr r,. 
obtainin¡ dat.o muctul'C'S. Althuwh the k! 1)'1"'' pl•y .to 
unp.>rl'>nt rol.,, the function typc• ore Ímf><>11>nl in <>ptc"· 
in; lo~•· al ,."._en mech.ani>mo. Con>idor a bi11.>ry rd:uiun ~ 
from sol A lo sol 8, and it> tcprc>enlotion, R,, a> the ><1 uf 
urdef'l'd paits 

R, •{{a, blluA A btB & 1<1b) 

Obviou•ly. thorc uins ~n "inclu\lon" funetion. i, whkh 
as.i,ns an clem~nl (a. b) of R, Lo Íli corf'I'Spondin~ elcmont 
(a, b) of AxD. ll>l! Cartcsian p.-uduet <JI A and D. 1• 
oddui<>n. thcrc .,;,, fnnction> f: R,-A al\d 1: R, -o "''' 
oh:tt Ll>< di,~<~nl of Fi'uf'l' J "commuLn. "" In Leo ms o( th< 
Funeliunal Modcl prcdieolion mv<turoo, the bin"'Y reiJti<>n 
" corrc•pond> lo a pccdicatí"" Slructu<C <Dft<Í>IÍn¡ of • 
prcdio;arlnn node!labellotl "o"), or~urncnl nnde• (A and 81 
u.cl otro (f and ll l><< Fill"~ "· The """"'' rcprc•<nlatiu~ 
of lile clem<Onll in !he prcdieation oct ¡,by mean o uf thc ><1 

'·· Thc functio~t.oliry typn ot f ol\d 1 &f'l' imP<»tonL in 
modellin~ !he ••montic> of '" i.c .. ><hether" ¡, ~ J<l~tiun, • 
p;>rti•l funeli»n. or a tot:tl fun<tiun. Tltcrc are >i>l«n 
P<>"iblc Cllnfi~ur.~tions for thc prcdi.:•tion Slruclurc, be· 
cauoc r and 1 ""'~be onr:-1<>-<>nc:. unto, boih of ibe>e."' 
nono of lh<t<. Thc roost imponanl c<>nfi,ur:otion• af'l' 

• 
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·~mm:>rizc~ in thc folkl .. in~: 
r~.-r: 

• 

• 

• 

1.(1 a ~ a bil\ory r<IO!i<>n frum A lo 8 witb func1iunal 
-r<Cirl<'ation r aod 1· 
Thcn: 

J. lf ncithcr f ,_ 1 are on<·I<K>J~C (L: 1), tlw:n o is a 
ulatioa; 

!. lffiol:l,tbcn .. ioapartialfunclion: 
). lffio 1:1 ond onto, then a is a total functillfl: 
~- lf f io 1: l aDd onto, whilc 1 io 1: l, thu,. is a 1:1 

function; 
~- lffi• 1:1 ~od onto ... hnc1 io onto, thcn 11 ;, an onto 

funcLion: 
6. lffud 1 are l><lth 1: 1 and onto, tbu a io also 1: 1 and 

onto. 

Thc' funclionality typoo of f dcterrninc• wholhcr a io a 
rrl>tion, a panial func1ion. or " tutal fu...,tion. [f o io a 
lunctioo,lh.en thc fun<lionality of 1 dclcrminco wholhcr 11 ;, 
...,..,.,....,., onto, a one•t<KJn< corrcspondcncc, or nune o! 
tbc ... 

la temu. ol predica~"" struclurn. a ~kalloa oetiNiy 
dluo rcpuufll a reb1ion O< a functicm, which irnplies tbat, 
itt !he lancr ta.K, o rnay hc rcprcvnted by u an>. Thil io 
indccd truc, bu! il mull be Conoidcn:d a Data PoiO:y 
d<~i•ioa. · 

One-10-0nc functions play an imporunt role ia loC(Ulina 
1 panicular ele~Mnt of a"''· Ef tbe funetion fin Figuu' 11. 
l>ll<·lo-one. • panicul:tr ••A wi!l ranicipatc in (41 mo•l) one 
..-dorN pair ta.bi<R.. 14 tt..t the .econd ekmcru. of lhc 
wdernl ¡Wr mar be obt:Ur><'d by evol""tin¡ !he fufl<tion ¡. 
Thus. uy """"'<>-<>"" fu~>etion out¡oin¡: from 1 "'' i1 • 
••ndidate l~<y) for accening the elemen!S of the '"'· 

Tbe notion of lo¡;ical occen can be ntcnded to pf<'dic: .. 
lioa ..u involvina more than t•o lrJIIrncnt setl ond 
>arious nlu< "'!S ( .. in Fi'""" ) ""d ~~- In thi• tase. the 
r<<dicotion iloJe repre,.nto an n·ary rdation•hip. "'hcrc 
<acb de=nt rn.oy be vie,.·cd u an n-tuple of rntitiu and 
Yalueo. For n·ary prodicc>tiorl "'"· 1 compolite kcy 1s 
r<tci .. ly thc COI>C<J>I in Rofer<noe l!. 

Fi""IIY we illu>tr•lr 1 m~n;o~<mtnl policy con•tn~int 
•ho"' prcdO:atiO<I >lrU<:turc 11.>• anu<llcr pudi<:otiorl nodo 
n lB IIF'IIICBI l<-1·• Ft~urc 4(0). Tbe OP<IO!ÍIIfl:ll <:<>ft.. 
>lroilll ""A comp;my "''"' •upply at 1<30\ thrcr P.'"' to 
'<>me dcpó!Mm<nl durinB o quancr to tcmain 1 nlid •up­
pl¡cr."" cot~ld bc mooJdlcd by • prnlic>~iorl '"""'""'con­
>i>tinc of 1 •· ..... u·• ptcdiccation "'' •M ar,~rncnt wu.. 

COMPANY und SUPPLY la F~'llrc J prcdk;oliL>n ><ll. ond 
Km.lnti( (calurc• lfunction• lo v>lue ...,,,¡ TOT A L·P A RTS 
1nd QUARTI:R. Elcl"liCftt• of thc ""mu>J"" ,.-1 mi~ht bc 
upd.>tcd hy pru;r:>m oa the DCcumnce nf • SUPPLY 
lran=tiun, hut tiLc validation wnuld pr<>h.1hly to~c pldce al 
the cnd oi <•eh or<r~ti"' qu.ner . 

n.. relo!lonal modo! ol dabl 

n.. dato polio~ cunotr:>ints "" lbe Func;tíu ... t M•>J•I 
prrd><atiun "'""'"'"' "blch ,,.....,.,¡-.,.., Íl inlu lhc Rd~IÍ•HUI 
Modcl are: 

• \loluc ~~~ on: du..,di.o<; 
• A! turnen! •cli ond prrdication """ a<e rrlrlliu~• .. ho"' 

ele""'"" ore repre•ented by tupln of Vlllues f11>m 
domain•: · 

• Functioft• •hooc taRJO "'"m V>IU< '"h t>c<orne the 
a!lrib111r ~d"'rs oi lheir respective relotiuns: 

• Function• frum prcdi<•tion "'" to "'~um<nl .. a are 
repi:Lced b~ tbe anribute Darne cof<<>pond•n& to the 

key (r<rh•l" tl>o compoOÍI<" hyl ol lhc "''"'"""' "''· 

n.. con,.•quoncc of lheoc tc>trictions io lo ollow only 
nodet whi<h reprc•en! LeveL ~ cnlit~ "'" •• rcl3tion•: 
rtpu..,otW by tuplet. n.. arco coa n"" only p<>Ínl ... ~y 
from nodet, arid their function• ore the name• uf the v . .tuc 
"'" oi e3<:h element of the tuple: ..,, Figu<e 6. 

The DBTC dato model 

Tbe F\111<tio.W Modcl o:aa aloo be tr:on.Surmed into 
DBTG lypc: Dat.o Strunu.u by dall poli<cy ddinition•. 
Fif'll, lbe record wm be Umplilied by i¡:norinc repealiftl 
¡:roupo-in lhio case a record i• 1 tuplc. ond rn.y be 
rcpr .. ented in thc ,.rne way ;u obe relational dola oaUc:. 
turc. n.. DEITG-sct, in its Umpks! fonn. io 1 rcp<e><"Rt.­
tion of o functioD>I predic"otion (i.c., o prNicotion "'hkh ls 
1 function). Thc arrnw o( lhc functi<MI ""'"" i• in tbe 
oppositc direetion tn thc arrow ÍIL thc tqWnl.-111 ""Da<b­
....., .• Dia¡:r:om." For 1 mo<e <:ompli<:atnl DDTC·"'' '""'"" 
lurc, !he« io o pf<'dication La record) bctw .. n lwo Olhcr 
rebtion• !al"' reOord>). Thi• reprcsenu. an intermedi .. le or 
link record beh•cta ,...., otbct'l; tbc"' structure> h.> ve bcu 
dlscuued ai linkÍRJ records bct•een ,...., re!;, tío"" in !Úf<f· 
once 23 and l<rmnl ··;u•ociotions"" in RcfcreiiC< ~6. 

Whclhcr !he model lt·dn,f(H'OLS 1 function n .me into 1 
DSTC . ..,t or ru11.,.., tbc !'rnli<:a<ion !Rrmrdl "-'m< mndd 

·• ls 1 data puli<:y dcd•ion: the ""me rnults ""'Y h< obtoin<d 
pn>vided thot ono .-.con:l is funclionally <kpeno.l<nt on the 
olhor-but not ifthc re!aoiua is N to M. 

Thc in..,nion pror<MY of o DBTG-«:t is <Íih<r AlfTO­
MATIC ot MANUAL Which w:t hil• "hi<:h pr,>po:ny ÍO 
dcflnod at Lcvcll. blrl thc ability to ~cfirn: th<•< pr~po:nin 
of 1 function it • Dota Policy dcd•iun . ...-hich oJcJ,m!l• thc 
Leve! ~ lO ) >!ru<ture and ddin"' the DDl-0 MoJd. 
Similarly, !be delction ptopcni"" LMANDATORY ~nd OP.. 



9G N~Li~""l CompuLcr Confcrence, 1m 

Function (Attrfbute) 
N ames 

Value Sets (Oomains of the relation) 

a) Rehtional Data Structures 

Item Names 
'-1 ' '-' 

Record Nam ' Record (Relatlon} Name Predi ca 
(Reco 

Funct1on 
,, 

tion 
cd) 
~ 

( DBTG-SET) ,_ 

Value Sets of the ftems 
(e.g., PICTURE dause) 

b) DIJTG-like Data Structures 

TJONAI.) ;or~ 1 e-el 4 lo _1 d.>La P<~icy doci•ions whicb 
d<fiM 1ho "rorali<>n ,¡" DBTG m•>dd. Tllc•• '~" proper· 
Líes are Lhcrd~ro J,•, ¡.,,~lin•• "'""'iatoJ wiLh Lhc on;l, 
•imilar '" lhc fnlk.Li~n.oiiL¡· 1)'('<:> in 1 funcLio!ll>l modd, buL 
.,.,,j.,.,.!y ~-•iflg >lf~n¡:cr clfe.oL. lllc cnfUf«m<RI of thit. 
p.>licy i•. ,>( "''"'"'· pruccdur::d, 

Record Narne ( 
l tem Names 

r 

11 ;. u..,fulto compare and """""'' r<l.ui .. n•l ;onJ D8TG 
ol.ua p.>lky ''1'<"'"';""'· lld.>li"n.al 'l"'"'' li~o 5}'1<m K" 
onoJ INGRES'" u>e 1hc lh<<>IY ,,¡ n<orm;d f~rm< 1~ pro•idc 
;ood dol1a stru.:IUr<> onJ Lh<n ulil~rc lh<">C oimrt.: >lruclurn 



tllloutb cb~;t-fi<O.IR 1~• ~~~~~ d;tto DJICraLi<lno like JOIN 
a...:l PROJEt"T: Lhcr •rrl~ oLbcr dota p.llicy tudl as 
tl>llsi>Lcncy, intc¡:rity, ""d valiJ~tiun Lhn><~~h 1ystem modi­
f•·~¡;.,n ot tilo: u~r ltaiCII><Rl (11'\GRESI. "hi<h io immodl­
JU"IY initlat<-.:1, or Lhrou~ 1)'\L<m tO,."'n. iSYSTtM R) 
•h.kh are LI':UIL1<:Lioa drivcn, blll ""'Y l>c d•l>yC'II. Thtw 
1•<> impkmtntaliono Jiffor in th< f..:L tlul lNGRES opcd­
(.n pulicy in dtd~ro¡ives "'ith rrocodurol cnfun:cmcnt, 
•hile n'STEM R lo proccdur.ll I>.Hh in d"l"rJtion olllf 

cnf "'"" mcnt . 
The DBTG dJIO p<>li<Í<I are tooth dcd~r.uivo and pr<>CC• 

du,..l: wmc. •<><h J' -'UTOM.\TIC, are llccl.tr•Livc and 
arply o primil" e fun<1ion on Df'CrJLion implyin~ 1 ··..,mart­
Lk• .. ol llor•~~ of a record: othen., Lh< Dala llaoc Pr""<· 
dures, ue prn.:cdural ••d are invulcJ by oome Lriner: •·•··· 
oa updalc (va\W..tionl, privo~Cy and ~otturity ched<illl'. 

THE SE:.ITHEORETJC DATA MODEL 

Thc KL theorolic ~euor owct ih uituntc co che 
<or><~ o/ an Ul<r>ckd M't. 'fM U:trftd~d "' OO'IIilll o/ 
cltmen\f which lhomM"lvoS,..y be oonvucionol ocll .... 
quonce>. otdored odt, alOmo. or •~n u~rnded oen. buc 
•-=h domenr b ldontilled by 1 pooilio,..ickncill« tnumcric 
(11 mnemonic), The <lltllded M"l is endooed In oquMrc 
tnc:kocs 1 1 whilc che ordercd M'CJ ar scqueneu are ia 
oft¡k b<atUcs ( ). 1'11111 il X i• u utondt<l oel con>iolllll· 
nlclcmcnts Y ar>d Z in peoilionl l or>d NEXT, ~llave: 

X•l(l,Y). (NEXT,Z)J 

• 

J'<Cdioatnlo lim.ittllc rcipenK: ond ,_ro," hioh •im~lofJ 
opewion• (<.¡ .. A•e~~¡c. Suml. 

In Dlilor lo illum¡o.to tllc ..,.r.ciun> <>Icho ncendod oct 
pro<c>"'' IXSPJ oc l.n<l ~.o..,,;,, c>f uper-•tiun• io PHn 
in fo~urc 7. Thc ll"c ten opc:111t~•n• a« ~~~ ,( tbc ""•tora¡c 
by ani#nmenl"' 1)"1'0: "thcy ,¡ore un tli<R<kd \CI> ... och 

'Y"""Y"'' tnam<•l ME, YOU, r~o. Thc VALUL funoli<>• 
invokco 1 '"oopy"" oper.Uion. v.hi<h do''" nul Hr<courily 
duplical< che •crin~: tho n'<u!t ""') loe ''P""'"'d inccr· 
nally by p.>int•"· Thc oec AUTHURS ;, chorofu" m.odc up 
of che '"'" utcndcd >ctl ME ond Y U ti. 

TI>< ,.,.;~nmcM upo:nllion for X <kfi11<' a ..,., <>t<nd«< 

oet: ic io 1 •implc oct «>nooinin~ thc """'"' uf thc '"" 
authuro of thio r~r><r. This puni~u!ao o~.,~rlon t\tro<to 
trrum th< <ct AliTHORSl the va~,.., ... hich h~-. ¡>uWtU.. 
indi~Ator NAME. Funhormo..,. lhc oumm..ciun uporuoio• 
tSliM) counlo oh< ~lcmcn" u ... ol ul chi> ,.,.,..¡y dcf<ncd 1<1 
X. TM h)""'u<d LIST in tbc find in>truclion or Ficuro 1 ;, 
u,.d ce denote 1 ,., O( Oto ""N"" rcpli<•liono. Thc n;omco 
and oymbols ,.bich hoa•J not y<t hocn dcscrilocd. <uch q 

f'HONE. NAME. AUTHOR-TYPE and PICTliRE. lla•• 
no .. mancic m<Anin¡ 1t Lcvd '· Lattr. oomc ,.¡u hou 
ocrnontkl in dclininl po:olicy. buc h~.- rAq nr~ "'"~~ 
'J"'bu/s. Al Lcvcl 4cl>t XSP ¡, ""'~'"'"1ed. lt ,.¡n >lo..,. 
rnaintain, rctrio•c. nr m".onipulacc lh< "~·•le or uny pan o( 
aay utc~d ..,c. Howcvcr, 11>< Xsr mu>l lla" oper;uion• 
whic:h na be trig;ered by evento ar.cundniun¡; chcoe 
apcncioru: appl'ocd in JOinJI from Lcvcl 4 lo L.ncll, ltC 
lhe 0.11 Policy .ddinitk»tt. 

lf we u le br.iuJ { }te encloK 1011, tbcn if Y lt che sel o( DR111 J>Ofky dtf/~1/i,. 
lhc f"lrtt thue intc¡crs and Z ¡, lhe r ...... cuplc cOIUisciCJ¡ el , , 
'"O,I.O.l" (in ordcr), titen: ~ Tberc ""' two cypn o( XSP IYIC..rn opplied conotraiftl.t: 

• · · "" 1111k aod d)'llarnlc. Tbe ""'k ....,.,ra/~1 is onc tllac -• Yoo{l,l,l}o.((ol,l),(ol,l),(#J)J 

,. : ,. : .. :J:',¿;h~ .. :ti,~~:;:;·,:~:: ~~~.·~:~.:::: 
· ,. · · ' • · • • · • · púsi.ord ¡>n>lccled. Such -SUltinlt irni>ly 1 syllcm 1C1Joo1 

... 
Z•(O,!,O.l}•I(_I,O),{l,I),(J,O).'(~,l)). . ., ' :. • wbcone:r vlolltioa ocarno. ond lhc~e may be irnplcmcnlod · 

Rcfc~ "t11owa that .. lhc utcnded tci 11· oll<lfllllol : . aa tpeCiol t)'ltelll acli<!Ñ f'coonplled lnto che ll"llcrn") ar 
ntctWoa ot ocl cheofy and thot predklo101 c:akulu¡ ~ ' , . u lntcrprclod ICiiou.. ..;!Ir ..al ddlnod error reJI'OflW. 
tloos c:q be dollned oo '"' utet>oiod oct. AD -.no~ MI: ;, N""- curnar. tJSI•"". "compllt~ thcsc cocutcaiact (i.•., 
opcntloas (unlon; inten.t'llon, "diiJm:ncc, cte.) rnay 1ho ,· .. lbny "do 118\ oupport other moctelt ol dato"' or '"lllow t"-

' ' be deflned, uupt tbot "o¡.erailaas are posllloa dopclldcllt •. ~· l"ollow!na typn ot. dato protectiool ••• "). • 
\ • . ·!', • ' • • ... . 11lt """'"* ............ w lt """ llur.l b &ati$lled •• tpccillc. 

> •• ·": ' !lrnct 0! (f'l" JP"IoJ ope'!'lloas; C.J., ¡¡,. Yajjd&IÍon o( 111 
,. Um ~ 1/,.,.c/u", . . ~, · . · tlemo~t b oaly te be pclfonncd ot lnpul, or ocouricr n 10 be 

- ~· • . ~ . . dled:ed apiMt l)'pc or· .. scr •lid ltpe o( opcr.tloa for 
," • ;i 

1 f-i.e IIIOdei ~asiscs ol' lht followina objeciÍ ;.,. elc...;nci. every -c:o:ru. 1bese conitl"liau ate usentlolly Jnl.,preced. 
AIOIN, which repn-..,111 á number or c~er llrho¡; Seta, o , · .~, ···' ·:. , · · / 
oompo>cd ot ..,r objccc.; Ordcred .., .. or s.cq-... cora- ·• , • --._. ... ·: ·-_;,:. ,·:;.~ ~ 
rooed oC 1ny ob,ifft; E•lor>do:d 1et1. compo1ed oC 1111y ' ... '. T\t nladoaol raocld DI" dota· 
ob'-t. or course, 110 ol:>j"t rn:¡y com.;,ia lt~<lf. Tlw: othcr · ' • '' -. ,•· .... ~· ' 
rnodol objc<U mo.r l oll· be rq>Jc"HMed u ulfnded occs, • .. :, . Al uamplc o( lbc dcfinltion ol alloWIItolc dato 11ruocun: 
posltion iclcntill~n (\lihi~b ore llums), ar>d atoñn. C••mmaa ,.;·:'·cw~ rOr 1 n:lalionol mOdo:! is Fv~:~~ ia the ""triotioai or 
ate uoed lo dctimlc ob;ta• ia 1 S<QIICnce or se1. "< 1, • · ··;: Fl¡ort 1.' Thil dd"ml~ m.cu lhat .oQ oe11 ""' rnade up Ól 

Thc buic: lanr;<U>&t ot cM Lcvcl ~ oboll lllÓd<l cOns~ tt ol"; ( ... : Wdcre11 Ktl wblctl cOtrllliot ""annbule·•atuc" p;Un (e.J., . 
predicate colcuJu• uprcnlons; •llCbraii uprcnlor •: ... #,:( tlrct 'eiC11l<all NE ud YOU la FJ¡un: 7 • .., ordertd &el$ el ' 
t~ru tstono¡:c) ltatcmolllt; rttricvaf npreUio111, willl • ,:z lbfu fQin). t&orcover. che polltioa iclcncifiCill lhaD be 

,· ¡,., . ' J· ••. ' ·.·,,: ·' • ·: • • ~:._·:.--:' ,. 

'··' ...... . 
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-,· ~-

. _,,.. . . '•· -
• 

' 

t· -· . 
, , 

.. '' . ... 
. 

• 

ME • (<NAME,SIBLEY>,<SSf,017j32l7992>,cPHONE,(301)262-71~] 
-~ ' . .. 

YOU • [ cPHONE, ( 301 )937-7726> ~<itw,KERSCHBER~ ,cSSI,294j36j432l>] 

IT • [<TITLE,DATA ARCHITECTURE ETC.>,<AUTHOR,{VALUE(ME},VALUE(YDU))>} 

AUTHOR-TYPE • [<NAME,NAKE-TYPE>,<PHONE,PHONE-TYPE>,<SSI,SSI-TYPE>] 

NAME-TYPE • {PICTURE X(25 HAX)) 

PHONE-TYPE • {PICTURE .'('999')'999'-'9999} 

SSf-TYPE • (PICTURE 999'/'99'/'9999} 

ARTICLE-TYPE •' (<l,TIT~E-TYPE>l,. 
, . . .. 

TITlE-TYPE •· {PiCTURE X {UNRESTRICT(D)J 

'' ' . 
Aim!ORS·'• .. {YAlllf(HE), YALUE(YOU)J 

, , .. 
• 

. . 

• 

, . . . , 
l'l, .. ,__ __ ., .. x,.•~4 

• ' . , , 
,¡¡}- 1 :·•' 

' ' ' . ·• . ,' . .. ; ' ·- ' .. , .. 

• 
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POLICY RESTRICTIONS OF XSP, 

OBJECTS: ATOM, ORDERED-SET, SET. 

MEMBERSHIP: MEHBER (OROERED·SET) ·¡s <PDSITION-10, ATO!t>, 

MEHBER (SET) IS <1, ORDERED-SET•. 

CONSTRAIHT: All POSJTIOM-10 (ORDERED-SET) IS MEMBER (POSITIQH.ID 

(OROERED-SET -DEfiNJTION)), 

lEYEL 3: OEFINITION WlniiN RESTRICTION. 
• 

SET OBJECT. AUTHORS. 

ORDERED-SET. OBJECT. AIITHOR~ TYPE. 

' ATOH OBJECT. HAif:-TYPE, PHONE-TfPE, SSI-TYPE. 
• 

TIMING. 
·-. . ' 

··~ . . ''•--1.. 

APPLY PHONE~TYPE, SSI-TYPE ON INPUT. ·.-·_,. .. -. 
APPLY IW(E.:,TY.PE ON OUTPUT, INPUT • . " .. 

' . 
APPLY AUTHOR-TYPE Al.WAYS. . . . ·, 

• 

' ' ·, 

·-4' '"i~ . ' 
~;~ ... 

í_~_c'~· __ _cc.~·_c·~~~~'~'~·~·~---------------------------------. ' -~ 

• 

' '~-'< 
. . :-· 

An lnva11d DE.FINITJON would bé: . . . ' . . • > • 
• 'SET OBJECT. :- AUTHORSHJP: . ;• . . . - . . . 

'• . 
DRDERED-SET OBJECT. 'AUTHORSHIP.~TYPE • 

••• (See Ffgur-e 4.1: Íhis.fs' nota ,ffrst 
Nconnal Fona d-;;ffnftfon) .. 

- -- t 

. . 
,._~~-.. -:-... ,~"":~1'"'~'' __ _ 

'- ' . " 

\ 

• • 



--------- -·--. ------- -----------·- - - ' 
9<4 l•btio""l Computu Conre~cc. 1m 

f011nd withln 1 dcnnitioo. Thu•. if wc conUdcr tbe Lnd l 
c1cnnitiono of Fi~-u..., 1: A UTIIOR·TYPF. dcliiiCs the poV­
tiun identifi~ (NAME, PHONE. SSI), thcn ME und 
YOU COnl'Gmllo lhlotype ofordcr<d '<CI. Mureovcr, thc Kl 
AUTHORS 1~ Fll"~ 7 MW conforms to thc dclinitioa 
AUTHORS in Figurt 8. 

11 is no,._. ob~iou• lb:ll Flgure 7 C<Witain1 &;finitiono o{ 

u tended 1cts "hich c3n "PPI.• (or ho "l'pli<Jl ,.-iah """"'"' 
he• 11 Lc•cl l. We da" lhc ol<m""" by olalcmcnts in 
Fi,ure 8 "'hich show thc ~<fin<li\lfl lh..t AUTHORS toD­

,¡¡,, c!cm<nli (luplco) "'hich «>mf'l~ ,.;,h thc (Fi¡u..., 7) 
.-\UTHOR·TYPE dolinition, wMc thc ¡-.liJ,ti<>n) crilcria 
olthc atulnl SSI·TYPE. etc .. are opplicd"" iapul, wilb 
NAME·TYPE checkin¡: aloo on output. Morcover. bcc.1use 
oome utcnded set npcrnli<>no mi,ht ollow ¡cncratiOfl ot 
in•alid .. u durin¡ '"lid opc»tiono, lbe AlTTHOR-TYPE 
critericn io applicd on all opcrationo (lhl• ""'Y be a duplica· 
aive llalc~nl, depcndil!l on thc ""cnll """' 
otro.int ... ALL POSITION-10 ... ~t< .. bcl~ ullivc....Uy 
applicd, or "<ompiled into tho oyucm'1- · 

lf wc pve XSP. thc dcfinítion for AUTHORSHIP. 
TYPE. an c1ror m~St occur. bcc-auK tbe delinilio<t ia 
Figur~ 7 allo,., non-otomic clemcnl$ in thc ordcrcd nt (dO>C 
to usn. 

Th< DBTG dota m.odol 

In dcalin¡¡ -..·ith thc dclinitioJi ola DBTO-Iikc IIIIICiure, 
""" is (aced ,..¡,h ..,me prior decisiom. u.;.., tite clcrualtion 
al Rdcn....., 25. a DBTG-set eOnsi!.tÍI!I al n owner fttord 
tA,l and thau mcmbcr rcconls (80, Bu',.'a¡¡, la '!ha¡ 
arder. wilJ be répn;sentcd u · 

11 wiU be wcn iho.t !be dd\tlitions do 1101 lnlly rcnect 11at 
linl nq.airemcnt. ond tlt:u tht ... cund c¿n he con•i<kret;l 1 

lri'~'""" 01 'Y"•m applied prnccdurc flhc rc.ult of a. 
operoaioo dependin¡ 011 tbe lur>Cióon>l propcni« olt"­
DBTO·>el. etc.!. Tbuo lhc rcotrictinn• arc ""' ""'"'"· Dr 
runhcr rofinin, thc modcl•. il •huuld be P""iblc to dctero 
miiiC ttuo •imil:uitico and d.n'ercnc .. Ho"••cr, ¡j is rll'lf 
neccu.<ry to add thc upentiun• ond tl .. ·ir marpin~•-• ...,., 
lrlvial la>k, 

.. ., 
.· . 

........ ,, .. ,... ( .... [ 11 -lll-.11. ·-· 

'lNO ltat._Wl 11 •1, •"""' 01 

... "" """"''". 
~ l•nmo-wt 11 .. , .. ,u. 

aiiiUMIOI! -'U I'OIIfl .. lD ll<toOD[ll 'l>al 

1""111 .. 111 • .-..'1.111001), 

um '' IO't•ntOI .,,.., mruaa01, 
mmo-su _.,_ -~~ 

..... ..... OOJtC't. -"'"""· 
ll<lllt -el. MHau.nPl, l.imiOI·nOI, 

• l"!! -tf. IIIU-ITO[, -·"""· --ITOI, .... ITOI, 
,(A,,(B~,B;,•, S,.1) ''· ··~ · -- -~ ~ .. -~-----·- :.--- • 

The ...,stricdonS' lmpooed.la 1111 e>ili<; seclloa aa DBTO­
r=>rds is applied hue abo: 110 repndnt lroupa are 
allo-..'ed. Thus lile dcfinition of .. RtDI'd la FiJtll"C 9 follOWI 
thal ot aa onlercd IICI in F"~p~n: l. Thc dermiliuns thcrd'DJC 
are sp«ial aDiy in lheir indusioll. d mcmbc:rship Ltl DIJTG. 
seis.-·.··'·-·:··· 

• • "'"-m • -"'"=""" 01 ,,.._ • -· ' . '· ' 
~~ ..... ___ ... Lood , ............. ~$1'¡ [....,..:: 

~-•••• 
'·. ·,, 1 • .. . ------~ .· ... ·- .. •· .. :_• 

• ' : . . • J' . ' 
Data Pality is repreKnlod b¡r lhc ability 10 ho.ve A~' 1.' CONCLUSIONS • 

. . '· '. 
MATIC opernriQn or DBTG-oer irldusion on:storint a 1 · •. ·•' ·.• ·' •. 
prcdelincd ~~~~ ' ' 1 ..:__ " :,:• .' ·; " '' "- .;,y¡;,j,_ ;;rh .-~-~-Qii$(Fu..;¡-i~ _, E1tctl<bi Set ~ludeiU . . ' . 

·' ,· . · •• t • .'-~"".l?~~r~l:_q:co~ochasiom.:. 
c ..... po..t-.ll/1·~'"·. • ···~· .. ~- , ••. · · , .,-... • ·· ·; '' 

-,~ _.,1!,_, ¡j-t~'¡ ;:..,..;.t ·l{ !' · :· .' ' ' '· · . • · '1. The moclel oran C111nprisc w.~ .... oo.. ltnxturc ana, 
. h h.u been IIICC:IIod lh;at tbe impl<:mr~lllbll of a ' ¡ . be derancd inóepocfldclltl)< ol tbe GDS uKd r..., ieo 
rcl:uiunal •tnxture in a DBTG oy.ccm is a ma!ICI ot:" • ... , . · • ·,. implcmentation ... ~-· ~- ' ·. · .. . · 

'~- · .~ ,. · · •• 1 •• •· ,. • ·~2! Ir tbC GDS is '"ullivc~" it an:ar otore :uor inr.mna-
. l. Only :illowl"l oyotcm oWI>Cd seto IDBTG _le"f!IOd thil . • '" t;,a olructure. floolllt olata l)'ialal. 3DCI oc=ntito) ioo 

a "SINGULAR SE1"1; ~·~ ,. '· .__;_ ~.·" :·' "¡· -·: )-_ lenns otits primitlvcs.-
· 2. Rcmcvini; CODCcjus d d~t:alwe pmced~ie.. indu•loa·.:.. '·:. J:'.The •r«I~Ju¡¡,¡., o(tbe GDS la a <li1:1. m.xkl ij .... 

and dcklión '¡irup.:ñico IAUTOMAnC; \lANDA- ;.· . ·:;._-· ·_---, ouj.ponot<t bY ¡,;>ti ciannl "'""orch 10nd c..>,;mcn:Gal 
TORY, clcli ' ,• -.. . :. . • , .• " '· ·~DBMS lnvu!Veo Data 1\llicy d~linition. U~<>' thiJ, a 

l. Makin¡t ki:ys uniquc [uoin¡t CALC witlo" DUPU· .' :.c:;os_in,.J be RsUX:Ied 10 pc-rfor111 u ont or 
_CATES NOT ALLOWED datase); : . ; . .- 1' ·¡_,.·,pee¡r,. dol:l. rnotlda. 

4_. .-\lluwin¡ ncw m~rns lil;c JOIN ond PRO 1 ECTION' .: 4,· Thc prto:teiS ol ""'rpina /hNn an inf,,.m:,tioo Slnl\ · 
on cm:.tberft3tic31) scu al' tu......._ ' •;: , ; ' withita 1 GDS to • olato sii\IC!urc -.iohia a ar:.JitK.ILolll 

. . 
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turn la thc ClOS ancl to •.• ..,. •• tilo lnrana;~tioll llniC'Iura 
lo d.ou UO'IKIURS by rnn.no o! !Ma Poli~y d..:isi0111. la 
otbor wonl1, it io ~~·an ......... to "'prncnl infl;>fln3tioo at 
l.c•cl ( SO !bol ah ICIIWIÚC:I of tilo inf ....... tloll ........ 
lllincd, 

Data Policr ddini~ono lmpooe odd~ I!IUCIW'II (with 
...,,¡ricti<lnol "" allu,.·ahlo d>ll 1\fi>CIU...,I. Tradcom. wiU 
thcn rn,kc il•~•icr tn conoidrr thc loueo in r•prnonl~tion 
Uf jnfurm&tton 1\lliCIUil:l in 1M OU~~ dall IIIUC\Ufa, 
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Why restrict the modelling capability 
of codasyl data structure sets? 

bt CHARLES W. DACHMAN 

~~-... ·••.¡..-.. ~ ...... 
B<ll<riu. ¡,¡,,. .. _,., 

ADSTRACT 

Scvera1111uco hn•e bccn rni<ed concemin¡ eh:tn:n 10 the 
copabililln of thc CODASYL Data Dcscription t...npo¡e 
opo:cincatlono for data otnociurc ot13. The paptr &I'J""' 
aplnot 1\e'W roltrkti<>nl ou¡:¡¡e•l~ ond for rcmoval el 
ubt.i"' rutrie1iono. The ln11eo ore: 

al!ow rccu.,ive •et declanuicn 
lccp muhiplc mem~r declar:uioa 
ano ... •!tomate ""'""' dcclaralion¡ 

The conccpl of "rocord-roln" is lnucduccd lo juolify !he 
nted for theu c~p~bilitico. ~ c•panded capab!U~el dc­
scril>td oiTcr nn nhomMc "'"""' of achicvin¡ thc uma cr>d 
reoul! whhout thc nccd to introduce tlu: ''recOld-role" lnto 
!he CODASYL Dala DtK"ription l.on;u;¡,¡¡c. 

INTROOUCTION 

Thc conccpl of d•ln mucture oc ti h:lo bccn wcll nloblilho<d 
thrau¡h !he publk:lry and u~ of 1-D-S, d~e Ho~~eywcll 
lnte¡nu4 Data Store sy•tcm,>-~ In recen! }'el~ thio coDo 
eept hao been adopted by the vorious CODASYl commlt· 
len and lmbedd<:d in thc CODASYl Oa1.1 Dr•cripllon 
la~• and !he COBOL. D.o.ta Manipuladon l.an¡¡ua1e.• 
. A number of hardware: and software oupplien hove IIIIJII~ 
tnented the data structure sus of tbcse l:ln¡¡ua¡eo (DDU 
OMl) as port of their ·~llcms. They inc!ude: 

IDMS 
1-D-S 

1-D-S 11 
EDMS 
DMS 1100 
PHOLAS 
PI-tOLAS 

(Culli.une fOf IBM JWl70) 
(Honey\\el1 GE100, G~OO. GE60D, 

""""' tHoncywel1 for H66, Ht.l) 
\Xtru Si;ma IYlill) 
(Uni•uc for Uni~ac t 100 Series) 
(Phi1if" for Unid~t• 7000, PIOOO) 
tSiemeno f<>< S4004) 

Other lmplementatioao ha•e been reponed for CDC 01ld 
DEC. . .. 

The eapobilitleo oftbc doi:IIINC!urc: oet, u de•eloped la 
· 1-0-S and now dofined in both the CODASYl DDland tiM 

CODOl DMl, pro~lde for set-type dcd.oratlons whil;h: 

(1) restrlct the rc:~:ord type d""bred as owner to .... 
dirrc,..,nt from any ofth.e reeord typn dt<:t.ml • 
membtr. 

(2) perm;t dedor111ion of one or mo"' record types 10 
oe.-.e ~• member re<:ard1 of an oceurancc of a sct 
type, and 

(3) rutrict to one the number of record types whic:h CM 
be dec!ored to oe.-.e u owner record o o( DCCliiTer>c: .. 
ofaoettype. 

THE P'lOPOSAlS 

Thls po.per lo a tdlnement ofa wortln1 papcr wrlnen 111 
rcsponoe loan usi;nment ;><Ccptcd attbc IFIP·TCl rnell\o 

in1 on [);¡1.1 o .. c:riptiOI> Lan¡u"'"' beld in Nallllll', Bd¡l"" 
in Janull)' l,H, Therc: """"" three c!oJC!y related proposala 
for chnnsn lo !he CODASYl DDL dbcutsed 11 lhll 
meetina. Thtsc p<opOsab relate direcdy lo lh1'11!1 poiMI 
enumenued in the prior p;ora¡:n~ph. Aui¡nmenlo """"' Ji•n 
to defc:nd • number of ouch prupaula. Tbe ¡;:iopow, 
lnterreloted ud my .......ntina p;¡per ltull tbem u 1 oin¡k 
..,necpt. , 

The llnt pNpO.,.I. whlch WAI u1111nlmously oupponed • · 
the meetin,, "'~' to rem<~•e the restriction tluoltlwl ~ 1 

type 4ec:lared u o-..·ncr cou14 not aloo be 0111 of lhoM 
declored as mornber. 1 mon~ly coneu~ 11-ith thls pro­
po111 u a rem<~val of un """"""""l'l' mtrict~>n. 

The ~«Uftd pNpoQI wu 10 add a reotoktloro tbll Olllr 
onc rccord•t)'"" cculd he decla"'d ~s rnembr¡ of • p;¡nlcu­
lar seHype. Thi• prup0sal recolvcd rnl1ed ouppon. 1 

. otron;l~ di:Qv~cd -..ith 1hi1 prl'poio.l, for eooentWiy •'­
.._me reo•ono that 1 •upporl thc first ,.,.j third propoo:~l1, lt 
addo an unncccu:uy mtrictlun. 

The third ¡>t<.>po»;;l w;u to rernove tbr reotokllae. tluol 
only one recur<J-type can .. ,.... a• owner nf~ """lcular oet• 
type. Thio pru(k>ul reccived •cnnt aucniloa. The mcetina 
did not np"'u o.Q oplnion on thoe 1ubject, 1 otronflr 
recommended lt, as 1 luo~e do"" 10 the DOTO 11 leaot 
oevu yenrs QO. lt iothe rornovnl of R rc:llrl~:tlon . 
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ARGUMENTII 

Th~rc • .., IC~enol •'JII"'""" far porm!ttl"* a ~et•t)'pl to 
pcnnil the ...,~, .. ~.t~po dcdarcd •• ....,mller to ho lbc oa11141 
•• thc <~>e<•rd·IYI'C <IO<:Iared ao owner. The"' 11 a tpedl'lc: 
nr~umo:nt whi<h will be '"'"'""' fin¡ 1.1111 then a pncral 
011/U,..nt whi<h "'laln to oll lhrce p"'po~>.ls mutioned 
cnrJler. 
Th~ .....,~me ~rs:umcnl '"'"'' tho need rar uu-li\c data 

•tructu"''· co~>.t011ues. OOJanizotlnn •nuclurn an~ p:usln1 
lrces. F"r thc<e •tructurcs. il lo ncceu.,y lo tuppon 
rccuni~c ••"· whi<h pro•ides the c~p;U>i!ll~ lo build trea, 
""ith b""'chc• "hkh IIO.vc hr:~nd'tn. which fuw bnonchol, 
etc. An "'"mple ,, lhi• lt illu,lr.lled in Fi¡un: t. 

rr oiJ the "'"i,ht tU..s in Fi;ure 1 are con<idered to ho 
''br.>nche•.'' then lhio otf\lcture can ho built wilh a oinalo 
"'cord IYJ>o! und o •ln~le >cHypo<. Howe•cr,tbc mcmbcr· 
ohlp oC thc ··br~nch"" rect\n.I·IYP< in thc ""f<>rt" 5ei·IY¡>e 
mu•t not he mond:ot~ry. A record dtclared 10 be as lhe 
low .. t leve! hrnnch i' never a membcr o1 a •·rort." sct• 
oo:;curr~ncc. Thio opodal hr:tnch lo ch:ttactcrite1l u tho 
Uunk. Fi~ure 2 is a data oln•ctu,. dia&nm' which itlu11ra1c1 
lhc brunch.'furk •tructure. 

In thi• """ ""'"'""' di>¡tllm, thc ··r...t" ICHype b 
il!u11ratod wlth" hrukon 1"1ne. mc:anin~ !kili tbe •"braDCh" 
rce.,d·occurron<eo are sometimco memb<r1 DI" i¡. Tho¡·i.o. 
thcy ~re m•mhcro if lhey"'"" 110111w: '"trunl;"' br.lneh D(the 
trec. Note that all hronch roccnl-oc:currell<e•. whother or 
not lhey "'" lhc trunk. own "fork"' oc:Hxcurrcneo with 
zcro. one. "' m.ire •ubordinnte '"lriiDCho<" rcoordl. 

The third Namur propO•nl. which suppuno ulremati~c 
owncro in .!ala Slructure ocio. would ponnil ¡he lrunk 
branch In 1>< tr~atcd •• a dl11incdy difrerenltype ot ~ntity. 
FiJuro lis a rdrowin1 ot Fi~re 1. 

[1 tllustrutc• B '"'" with ene trunk and many forlca and 
branchcs. Whcn thl• io dr~"'" as o cbt;o o1ru~ure dia;:n.m, 
lhe it!ustr.otiun of Fi~ure ~ ;, develuped. Thb oln.<IUre has 
oomc odvunla¡: ... 

The ··¡,..~ll<h'" ,.ccrd-occulftnceo t11n now he lreated u 
mandmory mcmbcrs of lhc ··rort'" •et-~ypc, l.e., no 
br•neheo ~~ nru.tina in th e uir. Thio con be •cry importan! 

•tork" 
••• 

'treo ltr..ct~an 
!dota •t~ct~aro dlo9r~) 

·-- - ....... r ', 
\ -

.... , 
f"'m a namina· polnl ol ~lew, u cxlt branch needt o 
for ho ""brai>Cb ~., wlúlelhe trunk don 11111 need IVI:h o 
name. Broncheo ore ~quenlly namod wllh IJI anlcuh 
'rammar. All tbe bra.nch !IIJI>el 01 1 siqlc fOI1t ollllo; .,.. 
mu•l h.a~c unique lota! nofllel. The hi¡ller lc~el brafll. 
(i.e., lhe bronchco which are fanher from !be IIUnk), 
uniquely """"'d by COJIC~tcnatiq lheir unlque loc~l r· 1 
lo thc tree unique name ol thc branch lmrnediately bekrw, 
This is upre"cd bclow in BNF {Backuo!N"auer!Filnll) 

{bn;nch-name)::•(eharac1cr-slriq) 1 
: (branc h· n.ome )( lrl iculatlo1H:hltlaC1Cr) 

(charaetcr·otrinal 
(ch.>"<tcr· .. riq)::'" (clt.arxter) 1 (cb.afleiCHlrinc) 
(chnfllctctl 
(ch:uacterl::'"•l b lcl: ...... 1z10 lt 1 ....•. ·1' 
(anlcul3ti~ha~lcrl::•onY oylt"bol whlch lo 11111 o blaftt 

ora ch.aracler . ' 

ln our lnformation IY!Ieml loday, lhere are- '"""Y • ...-. 
pico of trce 11ru<lures. In tatalcv (file) oyotcms,,... #. • 

' 
Tre• •tructure Mlth nt l~ti~o TruAk 

1nc:1donc• d.l 

.... , 



• ~;,..ctorl"" of clirech1ries of dir«"turin or ..• of umed 
r,¡,0 ; In CofJ'<>I'lhO oq::oniz~tiono ..., tind cumpanin which 
ru•e cl<ponmcnlo. wh ich ha.c dcp~nmcnll, cu:. Fi~uro S b 
• dota structurc dl;o~r.om ,.-hich illu>lr;ncs this. 

This uomplc illuotr;,r .. • opeciflc ..C.cd ro. !Iris !~pe of 
•'"1"""' nn~ '"PI"'"' thc r"'f"'""l. So~ will ~·~uc th;u 
th.io io on incorrccl llppruoch lo 1hc fundamental <<IIJI<>r.olc 
1..,::u~lution oli\ICturc and th:llllw:y are rc~lly hicnrrhico uf 
diiT<rcnl ltJ>CS of "'~·•nizol'oun.ol·unit•. Al une lime, lhc 
General Eleclric Comp.ony hod a ...,11 dctinccl hicr;,.-chial 
1~~pnization •tn>eton: "hi<h is illu<tr;,tcd in Fiprc 6. 

Jf )'OU wc:<c • "><Cliun"' nr.on:¡¡:er, you knew c~octly 
,.hcre you werc in <he maruo~c""'nt.hict::~.rchy, Thi•;."" 
c><icr Sll\lclurc 10 h.tndle manuaHy tll.1n by compuler, .. 

f'<"pl< d:.l nol ~Cl qui1c '" up<et """" sume""e '"""'"' il 
•PP"'Pri•te for • po.nkulor ''uNt" manogcr 10 repon di­
rcclly lo • "K<lion" ur "dep;u1men1" mana¡,cr. Ir this 
or~nnimtion mucturc "ere dccla"'d 10 on I·O.S d;uuba .. 
ryolem wilh thc lliUCiure illu<ln>lcd ¡, Fi;urc 6, ~a no 
"unit" coulcl clirc<:tly repon 10 • · .. section" or "depan· 
mem", il would h:ovc 10 be aui~ncd lo • "suboecdon." 

The proposal to ouppon altem~~tlve OWI>Cr rc<:ord-lypes 
fcr a sio¡le scH~pc should be aeeep1cd brcause lt ¡, useful. 
lt doc• nol rcquire lhat the dat>b.ooc adminiSlralor uoe 
dther lhc Stl\lclure of Fi~ore $ (aiUtn:atin own<,--,;) or 
f"¡¡:un: 6 (uniquc o~< nen). 11 •hould be oupponed bccau .. it 
a\lows each administralor the choice, 

The more , • ...,,.~¡ .,&umcnt. f<K the ouppon or ahem~~tive 
owner rcconl·lypcs fnr a •eH y pe. alsu ouppono the necd to 
reto in lhc capobilitY for mulliplc momb<:r record·typc• for • 
set·l~pe. In an inform.>!lon ·~Slcm. real worlcl cn1ilics 1n1: 
representcd by re<<>rds. Thcoe en!itin arc clauified by 
entilY·lype in ordcr lo facilitalc the processio¡ of dala 
concemio¡ lbcm, Funher, each enliry.¡ype """Y ponray 
.. .,.,.¡ coi>Currcnt roln or brb .. io.- panems and sum.,. 
limc>lhese roleo are sh•red by other distinclively diiTercm 

· entity..typco. For cumple. 1 P<"'!"- 111" 1 Company, or • 
¡ovemmcnlal unil m.>y "'"'" in the role of ""employer" of 
pcople. and "" an "owner" <>1 jllOpCny. Wi!hla lllCb 1 
dui,aoted role. the rccord·t}'JIC1 repreoentin¡ !he entity.. 

• IYP<"• •l>ould be npablc of bdng 1he owner or momber of a 

':n• 6tructun WHh Dhtini::U._.. Trullk 

•rock" .. , ( 

(dah atructun ,_ 
1 
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..t•lypc ..-hich b roiC rcb.l<d. and be tbe holder o( • lleld 
which io role rclatcd. Fi~ure 7 ;, a elata IIN<:turc cliu¡flm 
which illuilratco the cmp!oycr role pl;oyed by pcrsoou, 
(Om·po~i<:o and ¡ovem~nt unito. 

To ntt>dellhis oiJU(IUrc,"it b ne<:CS!W}' to dect~ra che 
"pcrson" r«:Onl·lYPC, "~ompany" roeonl·l~pe •D<I "pv. 
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crnmcnt~l unit" rocord-1~pc >ucb tbat all are ablc lo 
ouumc tbc rule cf nwncr of lhc ""cmployer-cmployce"" 
oel. h i• """"""'1' te declare tbc ··pc....,n'' ro<ord·\ypc llf, a 
sometimc .. , meml>cr ... oomctimc."" oincc all persono are 
not nccu:<:lfily cmploycrs. 

In thc ca .. cf a pcr>o>n "ho ;, .. tr-cmployN. tbe "'""' 
••pc.,.,n'" «cord wuuld be 11>< ownoc alld mcmber of tbe 
"'>me occurrcn<e uf lh< ··cmplcycr-cmploycr"' sct. Hoth 
thc allcrn;~tivc '""'"' (prup. l) and rccurolvc sct (pfep. 1) 
propol:lls ... mlld nccd '" be occcptN lo >upport thi• struc­
turc. 

Thc rcoder <hnuld ~l:u'ICc Nd te FiJ:Urc 6. onc ot lbe 
po••ibk mean> of imptcn1cnlinr thc or¡t.~nizaliunal unit 
oopccb or a corpnr•tc s1ruc1urc. Givcn ohi• m ucturc. now 
;,...,;,.. how ohc ur~:•niz.:uion-to-crnploycc relation•hip 
would havc lo l'>e haru.lkd. Exh nr¡:aniu.tional f<'C<>rd, 
frum lhc ""e<>rp<>r•liun·· re<crd lhrou¡:h lo thc ... unit"" 
record. mu>! be able 1<> handle lhc rule of cmploycr. All 
.. ven of lile orpniz:uiu~ record• nce<l le be declared 11 

ahemative n"ncr 1YP•" lo the --~onizalion-cmploycc" 
1e1. Fi~urc H illuotnuc• thio eÚcnsion lo F"¡¡un: 6. 

lf onc ;o"umco lhal e,.;h of tbt un.it< l'IH<II lo h:o~e & 

man.'l~<r, .,.bo i> a """""· thcn c:.cb u( the.c scvcn 
<>r[!.~nizatiun:ol unit rule r~curd-oypc• mu•! ..J<O bC d"dored 
U a mcrnhcr in lile •·m;.n;re<~·· .. 1. n.e ouppon of tbc 
··man:t~cd"' :<el Si'"' nn nample uf lho u•ofulnon cf lhe 
"bilily lu dodao od multiplc f<«>rd-IY¡l<'> "' momhcfl uf tl>e 
""""' "'1-typc.CPropo'l:ll ~~- Fi¡<u"' 9 illu>lr•t••lbc funbcr 

1 nlcn•ion Df Fi~u"' 6 tu in~llldc tho ''ltUlna;er• 
-ur~:onizaliua .. oct. 

RECORD-ROLE CONCF.I'T 

For 11>< th•urotidnn< (and it io lhoy .. bo h~•e br;ely 
ar¡:u"d fur "•dudn~ lho numhcr uf momhcr rcc<>rd·lypes 
d«larablc for a "'1-IYP.: lo """· ~,..¡ tcopll>l !be o.,.ner 
typc• d«k>r.oblc '" <~ncl tho inlmoJucti.on uf tbe ••record­
rule .. C<>n«'l'l m. o y 1>< uf ¡:rcal intP<•M .• nee. Thi• ;, loconu.., 
lherc ,.¡n t>e no ar¡:um.:nl frum the pr:..:liti<ln.:rs ovcr 
h:lvin¡: unly une r<>lo -.kd.or.'ll., the """"rufa .. 1-1ypc 
nnd only une rule d<ebrcd '" lho momhcr of •ol-lype if 
,,¡,,. t>e<:omc dedar:oblc cnlitln. Fur1h<rm<~rc. lhc owncr 

and the membcr dcdart~tion• could be restricled to bo'• 
ditrcrcnl ""rolct." 

In tloe wodt ~~ HOCICywcll lnfcrrn:tlloa System• on llllo 
•ubjcet, tbe word ··record-role"" hao bccn u..-.1 lo chanc­
tcriu ¡be role conr:cpl inuoduud ahovc. The followlnJ 
dolinhio01 apply:: 

o A "rccord-oocum~:nr:c" 11 lile <l•t:>ba>.e reprcoenta1io1 
ot a real wodd cnli!y. 

o A "rec~rd·rolc" io a declaratiun oftbe • conmion d 
the propcnics Cfield• 111d ..,,,¡ wbich a record..,.<:Ur­
"'~ may rcp<eocat oa bchaU el OIIC role ot • l'ecl 
wortd cn!ity. · 

• A "re<:crd-typc" lo • dcdaralion ot • ecllccdcn o(oae 
or mo,. record-roles wlticb a record occum~:r.:c 11'111 
f<'pmcnt, while roles are an pl~yN con<:urrently by a 
real wortd cntily. . 

o A "record-clau"'ls U.. collcction ot all record-occar­
rencc ol a partiocular record•lypc. A record-occurrcnca: ,, 
io olway' in only one record-el•"· dcr.nro by • ree«d-. 
¡ypc. 

o A .. role-cl.uo" h the collcction or an nrcon:r-oceu .. 
rencco ot a panicular record-role. A recO<d-ooo:um~:n<:a 

r•ultipl• o.mo~ ,·;~;;';':•;•~•:•::·:.•:·~·~ ~~ .. ~· <truetun· 
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hin Dllc or more many role·d"'"'' depondin1 upon ill 
«<Or<Hype dcclanulon. 

• A .. mle·oca~rrencc .. is 1 subdivision o( 1 ~­

oc:a~rrencc Wbkh i1 lhc ,..-pro..,nlalion of lhOI fC"<>rd• 
oc:eurrcncc ployin; onc role. 

This dislinclion belwcu "'<onl-role and rteord-lype hu 
1101 be en made in ujolin; databa.., systems. Wbllc a reeord­
type may h.,vc ..,,., ... ni~ oevcral record-roles. thcre was 
110 mech:.nism or sh:.riq 1~ rcconl-rolo ckdanulons ~ 
•-•• ,.,., or more '""ord·IYI"''· Thus lb< """"' fields and 
IC'Io, rclat1VC lo !he role, had IU bc multiply dcd~rcd. once 
ror cacb "'cord-type wbich playcd 1M mJc.lñio-Jcd to thc 
rcquircmcnt for mul!iplc mcmbcr d..,L:tnuiuns ~nd alicrnatc 

owne-r dcd~rulions fur "'''· 
With the record-rule cuncc¡ll. lhc dccloration o( fkJds. 

I""'P' and .. ., ~ all "'""'iat<d witb !he record-rule 
dect~nllion. Fidd may be KCccucd U<in; licld-names which 
""' qualifi<d by teO<>rd-ralc-n••mc l'>lihcr lh~n reourd•lype­
namcs. ~~~ nrc ordcrcd by rule dccl:.r,-d lieJ.h. ~1 owner 
IC'Icction is h:."'d upon '"'" dcdar«< r,.,ldo. R""l>f'll uccur­
""'""' ofd•fTercnt rooord·lypu cuuist withln thc oamc se¡ 
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type as owncn '" mcmhon whcn the rr<:ord·typco •ln•re. 
tl>c 011mc reconl-rolo wilh thc d""I"--'C'd J'un<tiu<l. 

Jn the ¡>¡lpcr .. Thr F.v.~uliocl o(D;,Ia Strutlu"'s.''' rhc,.. 

was a scqucncc of d.11a "'""''"'" dla¡:r~m• "·hich >V(>,.. u~ 
ID iJtu5lrato the rn'lll'll"i"" intr\kluccinn d" n.cw mct.o •""­
j...-.:u and n.cw intc....,¡,Jc<_1 rel:ltkm-hil"' inll• <1:11" <t!Úc•urin; 
c~rabmtie.. n.. ll .. r cwo or thc fl>lk> .. in; thk<: data 
otruclun: di"~"'m• are ~rrin!cd fn.•m '"''' ;p¡ide. Fi~u"' 10 
illuilr•tcs che mota ~n1i1ics: record. r.~ld. ~n.><.rp. '""""'· 
""'mbcr and d;Ua-'>lruc1urc-,.,l. "'"""' ib..-1'11 may be an 
unlimit<d numh.:r or mcmt>or ...,.,.-d-typ<"S and awncr ..,. 
cord·typco dccbr;,hlc '"' 11 •cl-lypc. Thc dia¡!r.lm <>r f'it:""' 
JO lo the meta ,¡,jcfl 01ruc1u"' ""'icb 1 ,..c<>mmcnd-to 
DBTS and ~ve reoDmmendcd and uscd f...- a number of 
ycon. 

Figun: 11 lo a oimpllf~eodon of F~~:u"' 10 "'"""' 11>e 
rcotriccions ora one ""'""' enlltr·mle and a DJit memhrr 
cntíly-role M ve t>een pbccd on !he sci-IYJ>C- The ..,l-(lwner 
and oct·mcmbcr meto entítics hove bc~n me11:<d wich !be 
oci•lypc meta cnririeo, u they ubl on 1 1: 1: 1 buis. This 
yields 1hc rnlrictcd O!ru<:lur.~l up:~b.1ily whkh was reco"" 
mcndcd by sume ot tbc aucndca at !he Namur 
Conr.,.....,._ 

Thc da!a strucru,.. dl:>an-il1 el F'"'""' Jl inlmdi>Ccs ~ 
meto enti1y ··~-rule ... Jn lhi• llructure, tilo .. record­
role .. mcl~ cnlity ho¡ diopluccd !he "rccord·type .. mc1<1 
ent!ty in ico di,..ct relatiunship lo lile scl. ¡ruup 111d field. 
Thc "'""rd-Lypc COI>CCpl is IIÓW atibe •idc, a\ooci:olcd by 1 

declotN ,..l:ltionship wiih """ or mu .. "rte<>nl-rolcl" . 
.. Rccord·rolc .. do:clar~lion mny be .,...,.,;o¡ed wllh """or 

man: rttord·Lypcs. From lhc viewpoinl of Lile scHype, · 
'"""' is only onc .. .,,.,., .. re(Dfd.roJe and only 0 nc .. mcm­
ber" rccon:l-rolc. This fllo mo,.. euily ihlo tbc vicwpoinl o( 

bath thc rclaiÍllnaJ modd ond !he Dat.a lndependenl A""as 
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Mod~J. Ho-•~r. tht re<j~in:menu of tbc rc:ll wnrld which 
we wioh 10 modol can k uti<fled os <~>eh re:ol world entiry 
can be reco¡nized <>CIÍ"ll in o.w or ,..,.,.. roles ond ito 

· ..,...,nl-octutrcr><cs ~ comblnN wilh lbc dedarul "''" 
OCCURnCQ. 

Al thls IÍIIW' 1 hooe no inteteol in 1'YÍ"8 to Introduce the 
''n:cord-rnle'' <<>n<~pt imo c•ioti"' data dc.cri!'líon bon­
'""1:"' and data manipul.>tioa 1.1~. R.tlbcr, 1 wish 10 
provick tbc ratiun:>le, wilhin tbue Ion~. f~ 

(1) ucuni•e .. Hypco, 
(ll multiple membcr .. 1-lypc:~, aad 
(3) mulliple owncr ..,t·lfpel 
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whic:h p"'vld.! an altem:ue mean• ror ochienn,tbc objee. 
ti ve~ ac:hie•ed by lhe ""'ord-rolc e<>ncept ., hile romainlnt 
wi!hin the limilationo of lhe pro•enlly avni!ablc: mcui cftli. 
líes, However, tbc e•onlll.ill introduction of tiM: "r~ 
role'' rna~ loe rh~ uaif)'in; !ocLor thal ~...eL· 

Thc doto •trucrure cl~min¡: t<<hni¡zuc hu bccn el• 

l<nMd lo '""""" lhc conc<p! of ro:c,.rd·rol<. F"~g~~re ll ls • 
redrnwina of FiguA! 7 .. ;u. rocu• o•n lhc rcconl-rolcs oL 
cmploycr al'ld cmployu. 

Thcy ~re illu•mllcd by tho 1\wo hou~onl oo d••lgnolcd, 
Tht rccord·l}'l'<' wi!h whkh lhc rol.,. ore ,.....,ia!cd ~"' 
dcsiS<~<~l<d by ti>< backpoul'ld bo111<. Thc cmployer role io 
played by 11M: ~ompany. pcrsoro and ¡owtmmtnl31-unil 
record-1ypn. lf dauical dala Slruc\UA! diagram• "'""' 
lhou~IH to rcpr.<onl =or<Hypn and thc re~!ionships 

bot~<n lllcm, !htD elle ncw dia;rams illum:otc ftt0<4-
rold, lheir ouocio~on• .,.;lh rccord·IYI"'' and thcir r.ll· 
Cionlhips wilh olher I'('Cord-roks. Rocord·rolc• ""' illut­
Uoucd by hu~~OIIS ar>d lhc: bac~¡roond bo•n ruomc lhe 
record·!ypn which play ti>< role. Eao:h rtcord•lyl"' io 
co~sideA!d lo haY< oM or IIIOlC roleo. In !hit ·~~mplc 
""penan,", "compony" and "¡ovctnmonl-unit"" are lhc 
rccord·tYI"''· "Employcr·• and ··cmploycc"" ar. Rconl­
rolu. A complete dato structure d~m -..oo!d show tac:~ 
recorcl-lypc """" as 1 box on lop of a SIO<k of hua~ono, 
Ear;h hc.aaon r<prcscnlins a rocorcl-rolc pla}·ed by lhe 
record·lypc. U ... ould aloa sbow uch ltcord-rolc. OD<C a a 
be o- 11 lhe rop of 1 >101;k or "'"~'· Each r<cord-Cype 
would o.ppcar once more 'u a b.ock~"'""" box bohind ncb 
record-role ic ployo. Fi¡ure 13 is thuo •n incomplccc dall. 
""'clu"' d""r:1m as il •hows lbc r""ord-typn playin¡ tad:t 
recO<d role bo.n dOCÓ 1101 rraphica!Jy muSlrot~ each r~cO<d· 

Ermploy•r and ~loyu ••=rd:a..iu 
(C:•U otructure 'i)iaqr&m) 
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¡ype wlth it• record·rulc:o. Fi¡:urc 1~ lllullrates eaoh record­
typc wilh thc record-role thal it playo. Thu1 fiiOII Gld <iola 
1ltuC1wrc di"ll.ram• can be cunsidercd u bdn¡ cxamplcs 
wherc thc rccu«< had only one rccord-n>le. Thuo no role 
faClorin¡ is neccsury. lf ~ltcmaúvc owne'> or muhiplc 
-~" .._;,¡ in tho'" dia&ram•. th•m 1he rccord-rolu for 
thcm ha'o noc yct bccn fnctored. Thc imJ><>Manco of \he 
record-rote conccpt 10 dma ~tructurc dio&rnmo may not bo 
lmmediatcly obviouo al the nm comparioon of Fl~urcs 7 
and ll. Howcvcr. conlidct the followln¡ an:~.loa:y. lf idcnti· 
cal pro;rammln¡ codc appcol'l in scvc01l parto of 1 com· 
putcr pro¡:n~m, lt b common lo r~ctot lhi• codc out 11 

oubtovtinel ot 11 lcast 11 mocro procedui'CI oo Iba\ 1M 
documm\atloa lo IM<C ca•ily undcn.tood. 1hc record-role 
conupt 11 !he daLa olruelurc d~'il"'m equivalen\ of a. 
oubroutlr>e caU. Thc dia¡~rl\m illu'~tratcothc shated upecu 
of !he record-role and al.., lll !be placa il hu b«n 
lnvct.d. For dala onucturc di:!Jnlml, rc¡>~eocntin¡ complu 
orpnlu.tlo_as with many rccord·typea, rccord-roko and 

thcir "'L11irnt>hipo, thc "''"''"-ruk h"" pnovcn lo be ••· 
t"'mcly u•cfulln .;,;plil)'ill¡l thc d~ljjrum,. Thc'y urc mu<h' 
more roadablc, Of n<:<: .. ,¡ly. thnc dia¡:r.omo arc nnly 
cffcc1ivc af'lcr thc r><w ..,.,...1'1 b;os bc<n uno.lcn1.,.,.J. uoa,l 

awhilc and ;><:<eptcd. · 

SUMMARY 

Thc data stru>turc ""' io nlmu•t thc cn!y >t<uctutul loo.~ 
currcnlly av~il:•blc 1u thc dala~ u~mini•tr•1ur 10 rcprc· 
scnt1be rc~1tiun.tlifl'l Nt•«t~ cmitics ln hio cnterpriv. At 
lhil time wbcn alt o( ill u~ orc uni.,JI.,wn, il ~Úmo 
~••lrubl~ nutlo pl:•cc anr rc•trkti""" "~'"" ii.O npplica1ion. 
Prufl<l"•l l. 10 ,.,rmit rccu..;vc '"'" (wb~rc owner •nd 
~~>~:mbcr are ur thc <ame: rcci>nl cl:us]. it a pmposal !1> 
<Cmi>•C a rcstriclion, Pru~ 2, lO pmhibit multiple 101!11'1-
bcr tt'Ccrd·typco, is a profl<l<al \1> ndd 1 n:•triction. PJo. 
fl<ls:ll l. lo pcrmit ~ltcl'flll.tivc oW>tcr dcclaniiÍUfll, is a 
propoul lo rcmovc a rcllrictiura, n..sc facilitin. wilhin 
1<>day'1 rccord·ne1""<1ri ...,.¡e¡ would pmvidc a wOfkablc 
implcmcntatiun of thc role cunccpt. an cxprc .. ion of 1ho 
evidcnt and imJ><>n.onl multiplc bchoviur p;mcmo which are 
dwKtcrillic ol real world cctl\lcs, 
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Data managen_u~nt for clinical research -

¡,_,. W, L. SIIILEY, M. D. HOPWOOD. G. F. GRONI;R, W, H. JOSEPHS and N. A. PALLEY 
ro..or•VDC...,._._ 
s-. ""-•.t"""""-

lh" I"'I'C• diocusseo 1 pro(O!ypc oyo!cm lntcnd<d fot tlle 
,.., ....... ""' 111 pllyo.icionsrll¡l•;od in eliniclll rc«~rch. In 
l'"'"'ul:~~. rh< pro101~rc lo a hishly inl<¡:rated, inter..,tivc, 
.,,,.;,,...,,...¡..,. bas.td d.ua maa"'Cn>enl ;u><~ ,,..¡y.;,. oy.rem. 
1M f.ocilitin olf~rC'd by the oystem ollow tbe chnlci.J 
on•r•11¡:.>hlf lo oture, rc•olll, onalyu, and diopb.y hio rt· 
,..,,h dola w.·III\OOH rnoni111 lo C<lmputer pro~r•mmin,, 
\!,.km data"""" t.-chniqi>H are availoblc to th.o phy•ioiM 
,, .oiJ• in ur¡:..nizin¡. >lurin¡. and rwiovin¡ his dJI~. The 
,.,,, to .... conccph ~•• nprco.....:l in tcrnu tlun arc familiar 
•• a chnical rnnrcllcr. 

T1l< purposc of this papcr il 10 dis.cutla ptUlOIYpt syorcm 
onlenlltd fl)r the- pcnonll uK of plly¡idans enao.aed '" 
.~nic~r ruean:h. In panicular, !he plOIOiypt li 1 hi¡Jdy 
oue~r-.uC'd. inleract(,.,, minio:omJ~~~Ur bucd data nu.~~a¡;e. 
.. 111 •nd anaJyoio 1yotcm. 

lllf. CLINFO PROJECT 

n.. CI.INFO protolype lbt.o ~~~~ 1na analyoio 
•1>~<111 dtocriMd In thio papel hoo t>oen devcl~pcd u pan 
.t thc CLINFO proj~t. 1 ~icntifo<: lnquiry ,ponw,.d by 
"- lló~iúon a/Reseorch llft>OIIrccs CORRI a/thc Nation:ll 
.,,,.tu tu d Hoollh ¡NJ H). Th• CQflll of thc prQjccl ore lo 
oJrnllf~ lnd d'atliiC1crlu tbe inlorm.:.~on anal)'lic t ... h ~nd 
1tw ini<>Hn;~tioa no...o in dinlcal rewan:h, and 10 de•elop 
-•h•'ll• for ladlíto~n, lh••• l~oko •"" n ........ The project 
• ""'"~ ennd~~etC'd by dinicalln• .. •l&liton 11 Lhe Boylar 
l'ootlt~ 01 ~lC'dio;i...,, lbe Uni•mity ot WaohÍIIJlun, ¡he 
l'oi•e.,it~ ••1 Oklahoma, and Var>elcrblh Uli•cnhy; by 
..,,.,..,.,;., .. o.clcnti•l5 at tbc R•nd COIJI<N'lltion; and by otaCf 
-~ .. of the DRil. 

"'' h••t lh<oa fllt ll) lnto.-.lowcd dlllk:al ln,.,sliJ!•lun 
..... r ........ uy """ (1\(orlll.lb.y., m ctw.arriud lheir inlur· 
- flloc<ul.., n~do, (J) idtnliriL'II d~•• man~omenl 
•o.l •n.~y•i• •• m*" Plllblcmo, (4) eumincd ui•tin¡ 
•-ru•a •rotrmo oiiDC'd at s:ni.ry;.., lho .. need•. (S) 
••'J"<d, buib., and inoMicd lhrce copln oto prutotypc 

., 

syotcm, and (6) ~~~nrd the ~n.'llysio of Ín<lrurnent"tiun d~!O 
and uoer inlcNic .. o lo holp Ul nolu•te lllo •Y"<m. 

Rclerr""n l.~.), ~nd 4 ~i..:u11 •ari.>uo ••P<cto of the 
lcro~oin¡; points. 

CLINICAL STUDY DATA VOLUI>!ES ANO 
ACTIYITlES 

A G~nerul Oink,,l Re .. >r<h Ccnlcr IGCR(') P""idoo 
f•ciliti~o whidt clinÍ'<~ rc>CAr<h pcr><>nll<l Nn "'" tn con· 
ductin¡ a ··~riety or modic~l 1tudin. boch 11ud) •••~• tu be 
'"panl~ and dislÍnCI from other •ludocs anJ pr~oidn a 
natural focal poinl fur data collrction •nd anolylis. A 1~'1'< 
Sludy invoheo appro•im.:.tcly 75 ouhjccto lp.•h<niO) ando 
tolll eoll~ticn of l&ppro•imotely 67.000 dota ••lue•.' 1 
Gc""~ly, • dinicol 11udy invol••• tilo fotlu..,.in¡ acti•·~ 

ti .. : 

• D..trin&tbe otudy d"'i"' the inveslig.<l<ll' docidu ,.h..! 
dato are 11) be collecled. 11 •~"~>>t rale, ond in """'! 
volumc. 

• A1 !he orudy pro¡:rcs'"'· dota ore cotkctcd ond , .. 
corded in • cenlr-•l data f. le. c..;,siderablo caro;, to.ken 
lu en>~~,. the •~&li~ily of tho.., dala. 

• As the otudy pro¡:re .. u. the in•c.,i;ator ,.,¡ ... , •nd 
IUmnu.riuo thc data. Pun of lh< proceu oC summari· 
Ution in•oiVCI lran..:ribi~ tite d~la inlO 1 lorm •uil~· 
ble (ot ollli>ti<al anoJyoio ao ... u u the pop..ration d 
ploto, ¡npho, •nd rep<>ru. 

Tbe CUNFO pfOlolype is duip.od lo accuonrnodolf :U 
ouch studictt. 

SYSTEtd OVERVIEW 

Thc prototype i< implc~nld on a C<>m....,rciol mini,um· 
l"tlcr (0..1> General F.dip"' SJ~OOJ u•in~ multo-u"'r <>· 
ter<l«< DASIC.' E:w;h •ludY ""-• it• o~on i".>ni<>n <>1 1 H 
mi!li"n ch.lra<1or d¡,k, Wh.:n on in•e•IÍ~4tor lor a m<ml>cr 
o( hio 11af0 U>CI th• 'Y"•'m, he inrer . ..:h "ilh th< Ct. 1 NI' O 
•on .. -are (prim.uilJ by •••l"•ndin¡ 111 pr""'r"J ~,..¡ i• pre· 
nnted fro"' uoin¡; DASIC prot<-durco tu afl<<l hi> ~.ola. 

l'i¡urc 1 i!luol.ates '"" main lcolu,., of the CllNfO 



Natiunod C""'PII'" Confcrcaco, tm 

e ._ ... , ........ > 

• • • • .. 
'• ' 

flflon 1-<-···loo>ol.bloo-lllow;, III<CUNFO,.._,.Ior ........ ..-

prol•>lypc. "Tho ~mP"'' ~ncump:.u tbc thrte ¡l<neral acti•i· 
tic• "hl•h ""'e Ul<nti.uu."<l ;,!»ve. Th~ re<t"n¡:lc< indi~ate 
thc v~,;,..,, ""Y' in ,.hkh data'"' d....:riptlon• <JI d.>tal are 
''""'" in the pmtnt¡ pe. Thc di.,v-.m encompau"' a sin¡lc 
<tudy (ur '"''"""h prul»toll. This 1'<'1"'' i1 tonce,..,cd 
prim:.,il¡· ,.¡,h thc! ""ti>·iti<s lahc!cd ""DESCRIBE,"' ··EN· 
TER .. ~nd "RI-:III.IE\'E"" ~nd thc d:.ta tont:lincd in thc 
"'SCII RMA,"" ··u I'OA TIC." ""PA TLENTS,"" ""SU llSIHS,"' 
and lhc "'5TUI)Y DATA'' <t<ll<turcs. Tite ""ANAI.VZEI 
DISPLAY,"" '"INPUT," "'OUTPUT,"' and ""BASIC'' ac­
tivitie• nnd lheir tt>><ICÍ~tcd >lruoturcs will be dcsctibcd. but 

.ill len dc¡,úl, 

THE DATA BASE 

"Th<: ur;a.nit:IIÍ<>n llf u CI.INFO study data hose is predi­
catcd un thr« """""'''liuou: 

• The fund.,,.,nt;d unit of an.oly.t. ¡, u•u:dly U>e pntient. 
• O.tla ,,.. c"llcei.-.J .. t..>utlh31 paticnt ovcr time. 
o Tl..c d:ol:l h:"·~ n:ttu.-~1 I!:N'IJ'Ín¡:s in time te .•.. the viUII 

oipt> ..Ca P.<licnt ""' <ampiN al eo .. ntially tbc '"""'" 
lime). 

Tll<: timc .. ricntN ""'""' ,.¡ dinic:al rc..:arch dOia b:IS l><cn 
di""u".:d by Frie•.' ll<. Fn_.· ido"' luwc t>ccn funbcr 

rcinf"'""" hy "'" •""'-'" ~ti""' of tl>c """""' manual tcth· 
niq""" f<>r ""'"Jin¡t """ do<ta. f<>r c>amp~. data an: 
tc><>nlcJ in P"li>nt n""'hooh h>IIC ror oa.:h J"<li~ntl whicb 
'"" t ..... Jimcn•Í•'"''' ""~¡·• .. íth thc row• rcprcocnlín¡: thc 
.W1a ítem• '" 1>< mca•ur.·J •nd llk ''~""''" ''"'';Unin; 1he 
""t.ue• .,r an ilem r .. r <lillú,•nt time• <1f "'''"""'"''"'· Wc 
havc funher ""wrvc<l 111:>1 «>me <>f 1hc! rowl can t.c 
1"'111,...."11 nalur~lly inh> rcla!N itcma l<>amplet ..C >U<h 
~""'!"' an• vÍt:<l •i~n•. hl<><><l ><Nm '"'''· urino anoly•••· 
<le.). ll"""'w. tllc ¡tr.mrin;• <liiTcr widdy fmm "udy to 
•ltldy. tll< CUNFO Mm f<>< ~ ~roupin~ il ""PANiiL"' Tll<: 
C~IICCf'l 1'-'">lld, t<<<>nh ,,.. ¡!.lllllpl in lhc CODASYL Data 
lia•c Ta•~ Gr""" t o u·¡ G) rcpur1.' 

PATIENTSISUBSETS 

1llc kcy lUUc:lun: ls lhr PA TIENT lile "hlcb oont;>lnl Ji. . 
d,ht c:haruc:lcr Mhbrcvialioo for cach pationt l~"'iGDCd by 
the clínidan whcn lhO pa~enl i• :><ldcd lo \he •tudy) and ilñ 
interna! numcric kcy t"'-i¡;ncd by the •y>~cm). This r.tc na 
contain up lo 39~ dif!"orcnl enlrico. Thc entrieo are onlcrtJ 
nlph:>b.::tica!ly on th< pa~ícnl abbr<viation 1<> all<>W fOI" 
ciT'tcicnl sCllrchinc-

A subsct is a namcd file (e.a .. LUWBl.OODJ ,.¡¡h tbo 
oame •lructun: DI the PATIENT file hutoont:.inln¡: P.'llcnls 
,..¡¡)1 panicular propcnin. No p;>rtkul•r f"'IÍ<nl ordcri>l-11 ;, 
maínlaíoed for oubscl>. ll>en: """ be .. many subscts u 
spooe aTI<lWI. 

Tite numcrio l<ty ''"'x:i:ll:d with c:~c:h p;>tlcnt roftn:JICn 
a bloc: k of data in a PATIENT DIRECTORY (not ohown) • 
Th•t block tontalno wme rcdundont idcn1ifict1tion data and 
two tobleo. The ti<'1l t.oblc conl.:t.Ín• polnte" to lhe pallenl'o. 
sct of fl"ncls (scc abovc) in the STUDY DATA file at1d 
counts of thc numbcf1 or ln>~anccs <>f thc panclo. The 
•ooond con1ains dato conc:cmin& !he stote or tbe variouo 
EVENTS {lO be de<eribcd lalcr) for lhÍI palien!. 

DESCRJBEJS.CHEMA 

Tite SCilEMA' prnvidcs tbe meons ror adop1in1 tbc 
CI.INFO dota base uructuf1" to thc nced• <>f • particulu 
inve,íptor. h 1s a d<-scription of the pa11Cls and thcir 
content<. Tite "'"'""" e•i•ll in twu formo: the cllcmal 
tc>lual form and thc intc,..,•l compiled fonn. Tite form~r is 
ror human inler.oc:tinn. '"" lauer is ror comp>Jter p"""eníng. 
Tbc DESCRIBE activity io in e> .. nec an inlcractive edil<>r 
which allo"'' tbe clinitian lO crealf:. edil, nnd compile hil 
schema. 

Tite schcma dcocn"bcs tbree maln entitln: ITEMS or 
dota. PANEL.S of ilcms. nnd EVENTS lri;¡:ered by tbc 
Ot:currence of ccnain value• for punicular ilems. 

PANEL.S hove ci¡:llt ~hor:lcter n•llriCI, and ref<f1"11C<ll 10 
them by namc imply rofercncc 10 all of thdr ítcms. Thef1" 
are 1,.<> t)·pe• of panel•. numcric o.nd tut~~:~l. Tite type or 
tl>c panel d<tormin .. the typcs <>f thc dala ittms incllldcd i• 
thot pand. E'«h panel ••n ce>ntain 11 mMI )O ltoms, all or 
"·hich ar.: cilhcr n-~it flo~tín¡: decimal numbof1. or cltarac-. 
ter Olrillt" at mou 70 ch:>r:~clef1 in lcn;~h. A sample panel 
onlry in lhc <eiM:ma mi&ltl be. 

PANEL lhi>l , palieñt·ID-&-tiJ;,.,,y.numcric: 

Readin~ fr"rn left to ri¡:ltt. tllio i• thc n<>l P.<n<l !PANEL 11. 
ito """"' Íl "hUI '", Íl COfl\ain• "'¡>JIÍ<nl 10 &. hiotory," . 
~nJ it• it<m• =;J.)( numcrio. 

ITEMS al so bu"" ci~hl chnracler n:imcs -,.hieh are u <N 
t<> rdcrcnee the data ,...,..¡n¡.,.¡ IO"Íib an Ílcm in a "idc 
v;aticty ,,( cin:umll:tnte>. Ai"'in. o.n Íl<m rnay cithcr hc 
""""'ric "' lcxtual. In ;¡JJilinn. th«c '"" ~'-'"' of thc ilem 
dc...:rip1ion 111:>1 •c"'e 111 <erccn, validal<. ond J><lnibly 
cne....Jc lhc Yalue :o>.O.:Íat,-.J ""ith lh.lt ítem. fl>f uamplc: ·· 

lTEM 9 HT ,llci¡:hl .inchu .num.r:tn¡:c.($$.M).no: 



R~"<li,.. frorn lefl 10 ri¡:hr, lhio is rho ninlh Mm irl rho 
,..,...,...,. UTEM 91.11• n.rmc io "HT •·. iu voluc• rcpre..:nr 
""1¡:111 in inchn. ie. ·~¡,;, .. ~re numooric and llluOI lio i:l lho 
....,~ j3 lo 110 incl><• induo.i•e, ~nd ir• •;rluc .... ..,,¡ nol he 
mn•idtl'l:d conlldo:nli:>l¡"no"J. "H~i¡W" ond "ind•ci' are 
,..,,0 ¡y llo:scripri•c Md do> 0><>1 imply ""rurnark unir• cl>ock· 
illl' by thc s Y•tcm. 

n.. ~"""""' .. num,r,.n&c~5,,80)'' illu<l"''"" """ opri.>n 
~·"il;tblc rur . dat~ •crccnin~. Oth"' uptiono fur ltcmo ia 
...,mcrlc p..nolo •••= 

o datc,,.,n¡c¡OIOJ IY76.1 ~ 1'1801 
rile hcm voluc i• o dale in lile indkotod "'""' (l/lJI976 
to 11/2.s/J980 inclu,ju). 

• li!nl',nLRS<l llOO.O.lOJ 
tbc he m voluc io u time bt tbc indicatcd "'n¡e ¡1]:00 to 

· ll:lO inclu<ivc), 
• num,chccki4),(7.10,6.5J 

lb< lrcm vllluc b numcric afl<l ....., o( the liot<d 4 
valun. 

ro du.r,codc(l),{yco ,no ·,ullk ) 
tho itcm value U utcmahy onc o1 rl>< listcd l choractcr 
scrin¡¡o and ;, c~~tricd intcmally u - lc11 tho.n U.. 
ordin.>l pnoitioo olrhc <trina in tbe li>~ (i.e,, O, ¡, or 21. 

• lhc data IYI'"' darc. time, and nulll may reqWrc no 
validarin¡, e.¡ .. num.nofiC. 

Thc lexlual panel• and itc.,. are o( 1be torm: 

PANEL 2,dcrno .demogtllphic: dol;t,tcu: 
ITEN 20,namc ,po.ticnr 1\;lmo,tcxr(lO); 

Thc ircm •• ., • ...., .. will 1/lcn be aii(ICatcd lO characlcn in 
u.c:h orxun-cncc of a "domo" pone l. 

f.VEI'ITS are lime markcn maint.;ncd by d .. CLINFO 
pn>IOIYP<: syorcm ro aid rh<: u•er in 1he relri<Yal of his dota.. 
11 i• common in c!inical rc<e""'h IQ reble the rnporuc o( a 
,..liont lo a proc:cdutc by· r~fc~ncia¡ oome C\'CIIU whkh 
..,.r~;, thc applioa1ioa of 111&1 procWutc. For cumple, 
blood ou;:ar lcvclo""' mcuun:d 11 re¡ular in¡crvals ofl.cr 
1be Jn;estion of ¡Juoo<e. E~•hll providc lhc mcans ror 
oScalina wilh relativo time. A hnlplc cYeQI is: 

EVENT l leol .¡lu<c<e i~esl.¡lpc: ,FIRSJ'; 

leadin; rtom ten 10 ri;hl, lhio is lbe lltird cvcnl in thc 
Khcm;,, its ""me i• "u:st," it relal ... ro ducosc in¡esrion, 
and ir rccotds lhc lime ~• ~Which tbe ite111 •·11uc" FJRsr 
I:Ok ... oa a value. Time io t~ken bere to ,.¡,,.,.a eombi~~.:~rion 
oC dote ~nd time. 

E•en~> maY be tri"""'d b1 the "FtRsr:· 
.. l.AST.'"'MAX," •nd "MJN" var,.., of illl 'uvernin1 
iwm. In ndrlilir>n, ~n evcnl may toe tri;~ ~~ the liflt or 
laot time tite irem t;rko• on a p:rni<ulor •ar..e. 

Wh<:n thc clinid~n is <.ni•lkd ...;llt hi• dcwriprion cf U.. 
llau be intends lo cllllcct, he cornpileo 1he sclrcrna 1111<: 
.,.ccm provido< ~pprupriatc fo.:db.:tcl; ah<>ur '""'" in the 
COmpibti.>n), llc lhea r~~ue•t• th&l diok o.¡>;>ec be o!I(ICat<d 
tD aceommod;rte h¡, <tlkly. lle auioh th<: aiJ(IC~tioa by 

cotimali~ lho number or l'"•ticnto he c•rcct• lo inclurle in 
hi• orudy llnd an OPI'fuoim..l<' aumhcr ol UCC1Jn-ell<:es ut 
uch p:rnciiYP<: for the avcru¡:c p;olir:n¡, 

He¡, lhcn ""'dy to >tart enterina p;oticoto ond th<:ir obi;t 
into !be dallt b;uc. 

ENTER 

Thc maln functioo ollhc ENTER a<tivity io ro pro<"e'" 
data (cnlorcd intcr.rctiYdy) in lhc li¡;ht t>l lho d~ta «re<nint! 
spccifrcatio>ns contained in the ochcm:r. The d;rla th•ll are 
aoccprcd ore nol ~"~"'"d din:ctly tu 111<: STUOY DATA me. 
bul are re,:ordcd in an UPDATE me w!tosc comcnt• ~~ 
mer¡:ed wilh rhe STUDY DATA fk ar somc con•cnienl 
time. Thi• bufTorin¡ of !he inpu1 olall oHOW1 a oimplc 
11ruc1urc lur lb< STUDY DATA nle, r~duceslh<: expooutc 
or the syotcm to compulcr malfunuions, ~nd provi~es a 
"'"""' of revicwill¡l lhc inpul d;rta bcfou ir i• acru~Jiy 
r~ordtd in lh~ STUDY DATA fr.Jc. 

Apin, a Cl.lNFO d:tra lwe Íl p;oticnt· and limc..,rienlW. 
In crder lo enter data, a "oonluC' muS! be estab!isbcd for 
that dar .. Tha! b, lh< dala mul! 

• llclon¡ lo a po.ti<nlaltcady in lbe PATJENT lile. 
• Ha ve M US(ICjaled dote and rime of da y Al which 1ho 

daLa •~ uwmed to Ita ve bcm umplcd. 

Ancr a rcntut ltat bccn establbhcd, {by lntc;xtivc 
prompt• and n:•ponoeo) the dinici~n ma)' ti>On entcr valueo 
f01 ilems by either 

• Typir.¡: rhe n.amc of 4n irem followtd by ie. nluc or 
• Typin¡ th<: n.amc el a panel. wh<:n:upon thc oYOitnt 

prcmpt¡ for C8Ch ollhc itcma in ¡bol panel. 

Tho conrcu <laY• in foree for 1111 data entered suboequcntly 
untiJ rhc clinidan dctlres locha,. il. Tho conlut may be 
changcd al any lime by typina "palienr:,'' "date:," or 
"time::· follo.ied by lhe correspondln¡ valuc. . 

Ao ncb valuc (iDCit>di"' pa~ient abbre•ístions. dates, 
limco, ond panel and itcm nameo) io entered. thal value io 
chccked ror rcason.ablc,...o. The patiem abbrcviali011 mu<l 
be in lhc PATIENT ffie~ dllles allli rimes musl h:tvé thc 
C<>m!cl f01ma1; p;oncl and ir"'" ""'"""' muot uiSI in U.. 
schcma: thc va!IIC for an ítem must satidy thc ctlreria in diC 
..,hcma. lncorr<CI valiiCS aro n:fuocd and I'C·pr•>mpt<d (or 
by lhe syolem. An .. ccption io th<: ... ~ olan r•ut..,f·"'"~~" 
numeric valuc wbkh maf be forecd upoa the' oySI<'ID by 
cnlerinl rh<: lnltialo o1 thc dll!l enrc....-. lncrm~ bul 
roaoonablc valueo rh~l havo been accopled by lhc •Y•km 
m.oy be cortcctW by tc·typina lhcm (J>crfrapo allct no 
nr:tblishin; the com:c1 COn!C._l), 

ENTER has th~c additio=t func:tioit.o.: 

• Addin11 paJi< ni ol>btcvia¡ion, 10 11>< PA TII!NT file • 
• R•li•win& dota in the UPDA TE rile. 
• L\.,., ... ~ ,.,,.¡ ••••cnin¡: data 1'rom a work1hcet into !he 

UPDATE fr.Jc. . 



1 

Ao on ~ltematlvt 10 il~m-b~-ltcm lbla cauy • .,. cml"' two­
di-~úo,... """Y Cl.t., a "*Ur\.tiRT'"l el data ""'Y be 
ontc...,d. A ""'rll•hcet io 1 lwu.dimcndonulof1".oy of 1111mcric 
cnnk• c•lcndcd In inducl<: l<ll:.r.oclcr ~~~ ror 1M r'OWI 
an~ oolumno as wd p a workoh~l n:amc. tit~, d:.ote ol 
crealk>a and d.otc ol' lu1 mndil"oc:>tioa. A wor\ob«t 1s 
f.lvrcd ~y thc ')''""'~·a filo wilh thc .. me n:unc os 1hol ot 
t~.c: wnr\•bce!. 'wur!.>llc<" rnwidc !he data orpnl:ution 
rc4uircd loy tllc ANAL YZ80!SPLA Y activitin. The row 
and columll bto<lo c;oa 1>< u~ lO rderence p;oticnu, 
rclativctimto, af>ll itcmo, The•e labclo are u•cd to directthc 
"·"" cntry pro<:cu. D•ta ""''l' •i:o worlo!>«to providn Lb• 
fadlity fO< cntcrin' '"<krived" data tl.c .• data p<O<luccd at 
thc rcoult ot tbc onalyoil or now dala} iruo tllc STUDY 
DATA file. h ~ ... pro>"idn an<>lller dWO enlry rDU\C thal 
mDy bc """'' '"""~nicnt in •omc cimimotancco. 

As h>Ciícatod abovc, tlle clinkiaft can intcr>ctivdy revi...,.. 
, thc cnntcn" ot thc UPDATE rile Mclcdit it to t~e eucnt or 

d<lctinJ hlucb ol ibla. 
Whcn br io uti:tficd tluu the data are corree\, tl>e 

<linicL<n can re que>! thal thc UPDATE (de bo ntoorp:d with 
tl>e data atreody in thor STUOY DATA fik, Thc ,..wty 
cntcrcd daLa are <>r¡::¡nizN aut<>motl!:a!IY lnto pnnch, thosc 
l"'f-'1• ore ""'r\...J "ith thc interna\ p:~ticnt idcntifier •. tite 
,.,nct numbor. tite date and time or samrtc. tl>e dote· and 
time of data entry. and thc: inltWo of tite data cntcrer, .nd 
the rc>ults "-"' IIKIJCd by date and time of l:lmp!c, T1><: 
-~ .......,os cl>ecb ror ui11lac instancco of panels with 
the •ame date •nd Lime •• thol< beina rncr¡:ed anJ f01 item 

•"'""' ~"''~"'''~ ente.-cd in tbose iM&n«'$. 
The in•<•li~:llor is nuw in a J><>•itl.,., to"rctricve his data 

fmm ti>< STUOY OAT A file .,..¡ to funn:u it ¡, • ""riel y of 
-..-..yo: into worhhcets, ao a dioplay 11 the termilllll, oras • 
rtle to be p:~soed lo an Utemally pner.lled applicaLiono 
pach~ ¡Suc!t • file is a "<l>lllmunk:uion" file in CLINFO 
tcrminul"'y.), 

RETRIEVE 

TI>t do!• ¡, tl>e STUDY DATA filt IRIJ be vicWed as 
••Ju,.. a•wd:Ued wlth puint• in a t~ree dimen•innlll spa«:. 
Fi~u,-, ~ iUu>lM"' th:t.t tpooce. Tbe "'"' are W.CIN "PA­
Tl ENr'. "TIME." and "ITEM" lo rdle<:l lite P.""mr:lCt'$ 
Llt:ol uni~u<l)· idcntify a daUI v:at .... 

TI>c th= dimcn•~>nal •1"><"• is 'P:'""''Y populatcd with 
d:ota puint•. <>¡><d:~ly if thc TIME a>i> ñ t~ken lo re~ 
"''" :.l>wluce datn and ti..,..·, Murt<>Yet, aOI oll d~t• are 
c"lloctcd ~huuc al! raticnt• r.,.- all nf the npcctcd timr:5. 

lt i• thc intcnL ..r thc kETRLEVE xtivicy tu i.lcntify a 
pl.on~r ;li.:c ,r thc data •raco11nd to ahur..ct p.on of·th.aC 
•li<c intu • '"'Mlimcn..;.>nal fot111 Ci.o., a wur\>bcct). s.,. 
k:ctin~ o olke "' ollu•tr:ol•..l in Fi~u~ ! rc<ull> in w"-:11 wu 
n:fcrrcd to ai>.>Ve '" a nu,..>hcot r,. ¡~g¡ p..ticnt. A s1ico 
par~lld to tllc PATU:NT·ITIOM rl~ne prPducc• an "'"'Y of 
itcmo ror • J""'" ·,,- p:uicnls .. a p:oni<ular lime. That ti .... 
mooy he clthcr an ab<ulurc dale and time,"" ÍL can be a linK 
rel:oLivc 10 •• event 1<.1·• two huurs ..Ctor ¡tuco.,. illóla-­
liun). Finally, a dice p.oralkllo cite PA TLENT· TIME pl•ne 

1 

' 
1 
' 1 

' ' ' ' ' N 

' • 
' 1 

1 

' 

--------

' F'- l-A ,......ti,...o5ooo! ,.,...,...,"""' olo .,,...,.,L<d ..,,. r.~ 1 1 
~o-oloraor.:.,.,._Pot-T 

reoulto in • worhhccl contomon~ the lime ~;,tory of o 
· ~ irom for a voup of p;otienu la;:t;in oithot ab>Oiuto 

or rebtin timo). · 1 
'The c!inici:on con11ruc:U his retricval request intet:tcUvcl) 

ur>det thc: conLrol of lllc .chemo. ln P.'Micul>t, cuded item1 
l•-1 .. su moy be ~lher '"malo" O< ··rcmalc". bu! ¡., 
encoded as eiLher O (lf 11 are rderred to in termo uf th< 
e>1ernal form (""malo," "female") "hile the syotem dul• 
with lhem as aumeric valun 10 O< 1). Thc •alun of it<rm 
ploy a role if \he c:tinid"" wlsh.es 10 rtoLrict thc p;~nelo bei111 
,-,trWvcd by 1pocifyin¡ conditions that the vatues mu>l 
ucill)r.' 

.....,..n he complccts lite •pcciro.caLion. cbe •t•tcm "'""'' 
the oppropriate p:~ns of thc STUDY DATA file and pro­
duces a wod1boei witb the rows and eolumn1 appropriatoly 
bbeled. . 

The relri<va\1 di><:us..,d abovc ore limitcd to numeric L« 
cudcdl iteau. Ho .. c•er, tc>tual p.mel• may be rctri<:"-,1 
Mn~ di•pbtyed al Lho tcrmi1>0l or p~•«d in th<ir entirety to 1 

c:ummuoication fik. Thio (acillty ano ... the dinici>n lo• 

review bio notes aboul a P.'Ücnt or L" ~"" dornu~r.orhi.: 
d:.,_; la o BASIC pr~ th;tt, foot <>ounpk, pro.!uc<> 
maitin¡lisls. 

F...- thooe retricval• i~ ,.hich a li>l of p.:oticnt a~,_,,¡,. 
tiun> i> appropri•!e Lo.¡ .. a •lic< por:olld lo th< PATI!:NT· 
ITI:M pl;ne), thc: invesli;;olor may pro•ide th;tt li>t ~~ 
,l•inltl>o name of a SUBSET. 

SU8SETS 

As <n<nLiot>Cd abo•e. oub•<l> :~re lile• «>nt.•inin' ,_,,;,nr 
abtotevi:otions and nuii>Cric byo. The m., ha•e the '"""' 
mucturc u 1\>o PATII:NT file. 



0 By ll<li!lll p;o~icnt ~b~rovi:niono. 
o By thc u•u;o.l ~~ "'"'•~tiuD> (<.J .. illll..nulioa and 

union) """'"' ui•cin¡: '""••••· · 
o By r~uirinJ thal o pmionl'o dat:o in thl STUDY DATA 

lito .. ,;.ry " ''" ..r cnn.litiuM. 
o By rcquirin~ 11>>1 a pati<nl'• dato in a w~rl:ohcct t<.J:., 

the •alue> in u row t~b.:lcd "ilh the p.ul<~t'o abbrevi>,. 
tion) o.:ui•fr a s..:t of cund•tiun<. 

1l>e ..,u of cundition• m.;nti.>"<\1 in tht 4stt"'" mtmhtn 
C>f ti>< abo•·• li>t ate madc up uf IÍ>I< uf cithor cnll,iunctiuno 

'" di\iuncti..>n> iOOt not tloth> <>( r-~n¡:• ""''""'"'"' "" d"' 
•·atuoo of itomo. A sample oet of cur><liliuno io: 

Ir lO ,.; ·~ "' M 
or>d if 120 o; I)'Siol S 140 
•nd it .. , - male 

Th< lutlino illuo!rlll<> thc "'"ora coded llcm "'hich take~ 
on ono el a HL of discreto valun. 

In oddltion LO thc ""l><lition1 pla<C'd 011 itcm vnlucs. the 
lime al which a oamplc "'"' lakcn can play a pan ;., thc 
.. toctjon. Fot cumple. thc abon .:onditlons mipt be 
requin:d In hold in obe lhird buur aner 1hr irlgnlion ol 

·'~~ .. ..,. 
!n any caw, !be u•ual resuh of • r~1rieval u sin¡ ~ilh<r a 

nbsel or all of che PATJENT filo is a wodshret. 

1\NAL YZEIDISPLAY 

The CUNFO approa<>h 111 dala onalysis ls!o abscra.;~ 1M 
des.irod dala from !he STUDY DATA file ¡,.hich ~•n cauw 
Yery fnlensi"<e a<:~Uinll of the di1k SI .... J iniO 1 "'Ork• 
obeol which filo in!o !he ""'''1 ....,rkiq opau ;., m:>in 
mcmory. Thc: ~<-ork•hc<l eao thrn be manipulo!td effi· 
dcnlly, ••l'<'dally ''""" ita eoni<RIS n.rtd not be ,.,.~ 
IU'a<:led frc1111 lhc STUDY DATA fok: cach timo 1 ncw 
quesüon is asktd oC 1hosc con1en11. 

A l&mplo workshtet h.u lhe fo...,.,t illusmued in Flpre • • 

WOI.KSHEET CUNICAL 
TlTl.E Clioical aw-"~' ot Dlobdi< I'Wicoio 
CRUTED IVIlnJ >tOOII'Ito IVflnJ 

,oF~ ' 
•DfiCOLS 1 

"~ • • 1..\BELS ~ •• ••• ·-· " - •• ·-· .. ·- • Je ... J " - • ··-· .. - • ,._, 
" - • ·-· " - ... ·-· • ·- • 

~ .. , •.. ...,. ............ •Wnl 

...... -........ -'-"-

• --" " " • • 
• 

" 
.. 

A "'od\hcel <"" hokl opprooin>:uciY 2:!00 entries ~nd il• 
dim~n•ions can '"'Y ~<ithin rho..r ,,..lricriun. In lhc ·~~ 
aho'o'c. lhr "'"'· bh<lo ai'C' patknl ~~tnvi:ui.>n• ol'ld lhr 
cdumn Jo""l' are lrem n~mcs, Th""" ~•h<l• nnd !he con• 
'""" uf !he wurk-J~~t "'""Id ...Uinarily be wpplied hy •he 
rctrie•ol procno. In ad<fition, fl&ui'C' 1 io•.Hc:ot"' on'INPUT 
r~dli¡y tbal allowo the dirc<1 "'""'ion of W .. ot•heel<. the 
bl•o.'lli111- of lheir rowo""" column•. "nd 111< ~~lry of d''" 
inlo tbos.: row• al'ld culumno. Thi• ra~ililr a!low• lh< 
invellitolor to ""' CLINFO'• lln:tl~ 11nd dhplay fealurn 
ind<PI'ndently <>(' lhr STUDY DATA fil~. 

CLINFO moUnlain• a "Curren!" liUrkshrel .., 11>:11 111< 
"'~ won;Shcel C:OQ be u..,.¡ in a •aricty el •itu3tion• 
"'ilh<>l!l 1he """' ro....,dfyln¡: it as rhc wurk•heet of inl<ro.t. 
Mes! uf rhe ....,rkWel analrli> ond di> ('~~ay fu ~>~:~ionJ lpply 
10 thc curren! workohccl, The Ql;l.in worhhcet m~nipul"'ion 
flo<i!itics an:: 

o SciO<:t 1 ••·osbh"'l os lhe curn:nt o"<' br typin¡ i11 
name, JI th= b ftO "'orl<sh«t by lha1 nam•, crell!O 
ano as spccifl<d by rhe ""''· 

o Display a wori.,shc•t al lhc tcnninal (<Ce Fipn: 3), 
• Label wt>rksh«t rows or columns. 
• Entcr dalo inlo n wori:;shco1 by ruw or by column or by 

individual c.-11. 
o Diooard (d,..troy) a .. -orkobcct. 
o Sor! 1 worksheel hy "'"'' or columno. 
o Edlt a ....,,bbeel by lddins. dcle~na, or mo•ina """" 

or columns. 
o Copy 1 w~y oCa workshcct, with labels, inlo thc 

same or onnlhel lll'orbhec!. 
o Prinl a "'orkshrel"" ¡he sysrem prin1er. 
o Display oli>t ol all thc work•he<IS in this srudy., 

Workolloets creotod by lhc rctrieYal proeess or by direcl 
""'"'"con be u1ed by thc anolyois lllc~ities. In ¡eneral, the 
anaJyse1 can be made to opply to w_l>-orroyo withio the 
body ola ......._shrcl. Thc ~nt~!to o( somo lftalyses may be 
Jloted in worksh<eiJ lo minimizo: transcriptioq and lo make 
!hase reoulto avaibhle for fu<thel ~<s. 

The CLINFO onalyoio rociliti"' indude: 

o Descripti..., S~:ollotics (m<Oftl, standard deviation1,-
<le.). 

o TTat. 
o Chi Square T .. t." 
o Une., Re;reos.ion /simple 1tnd multiplel. 
o AllalyW. oC~ •• 
o Crou Tobo. ' 
o Sca11er l'luts olld Bar a...ts. 
o Hislo¡rams. 
o Freque110y D'o>tn'butiofts. 
o Nomuli1y Test, 
o Non·p:>romerrie l':llred Testo. 

In oddirion, Spoci•l caloulotion• m.oy be po:rformod on 1 
worlshre!, and the """'' of tho:oc c:olcul.:uiu11.o are Slon:d in 
!he worl.shce1. Thio (;ocility rcpi:ICO> in ¡>001 lhe lieed (ur 
ope<:iaJ purposc compuler pro¡:rammin,, Thesc calcul~tiono 



• (kn.enle nlun • 1 ..,.. (or colu"'ll) a tbc no.uh ol 
c.,..IDI;,. 1 liol¡jc 11~11\c co.pmoioa iawoiWin& 
011>«,...... (« cvlumnllu Vlllbblef. 

• r..,.,. .. le '"''" walun ¡O, n ooolllc same buis. 
• hrl"'"' .pecio~ C".akubllucl oudt. • cumub.úwo wm, 

IÍIIW dilrcn:""'-, ele. 

SUMMAIY 

lb<! forf..,;nJ dl..:wslua oiMI - drscribc tbc l""'f":rtí"' 
Md ,...,,¡¡¡ies ,, tite CUNFO .,.-ype bllhcir ,.ntiroty. 
n.. ialnl Ío r~th<'r lo 0111llno 1~ PfO{ICrlin or.l fac:ilioics 
ond 10 cmpha.iu 1M Idea ola Pl!rwt~:~l, iiii<Jnlod, hi¡llly 
inlcniCii•c IV'IeiA pbced il Uw lwldo ol po"""n.el wholiC 
prilftaf)' iat~<not ¡, lo uoc 1bc oyllcn u oiOOI. 

Al kut""" CLINFO pi'OIOI¡·PI' bus bcen In doily use by 
modlcal pen&ll1""1 IÍI\Cc Ja"""f)' oli'176. Tbc ac~~PI:utCC ol 
tbc ''"""' wcm• 10 bc p>Oof .._¡ it io bciq uscd i.11 
prod~><li•c -y•. Murmvcr il 11 bcin¡ uoed petooNIIIf by 
'"""k>t modio:~! """· lllat lo. the reoe~rch otolf ror which it 
w .. dro\pcd. 

O..r uporie~~c:c to dok indio:aln th>t modrrn dato base 
tochniquc• le.,. tite SCHEMAI. wllen c<proucd In 1M 
u•cr"• """ ''"mi""l"'~. ure no:ad~y undcncood. ac:upled, 
;ond ll""d hy thuw 1"''"-od. 'fbc UH uf ICrrM JU<h U 
""PATIENT", ""PANEL'._ and ''WORKSHEET"' and lhc 
time <Jricnt~lk>n uf tlw STUDY DATA file m r>01 D<cidr.,. 
1•1. Tbcy pby :111 '"""""""' rt>lc in lll:lki,. tbe comp•llcr 
IICicnli•l'• tc<luliq~~<• ullde"ialldohle hy and u .. fulto thc 
dinj¡;•Jresc:~rdlcr. 

Anolher P<'i~ ,., lalcrc--il illhe ut~ilf oll"" dfllii>Cl cbta 
onuctu....,, tbc STUDY DATA file tonel ib u....,ioled filcol 
and ""''1"\oh«,..'lbc STUDY DATA fllc D<IIU a 110<11 uf 
cl:ua "'""'" """''~"'' C:lll he ...,..,.._ ... oc~ and •m~nced ialo a 
r...,......., ,,.;,;t~~~oo r .... ~ .. onc1 ~OQlyzlo¡ ci., .• a -..ort­
dwc!J. 1• ll<klitiutl. '"""""'~'' serve lo ""'" Wn~ and to 
communk:Mie 1/to:m ho!twc~n II<P• in clw •naJroio proccu. 
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A ·methodology for multi-crltcria 
infoni1ation system design* 

/<)" JOHN S. CHANOLf.R ano.! THOMAS G. D•LllllS 
r~· (1111" !Jo" /Jo/wsif> 
c-.010o 

\ll!iTRACT 

tbc det.!p dilcmm.1 f;ocN by cM d .. i~r loto ""ti.l'r a rct 
,,( ronRklin¡ u .. r d.:maDd• ~nd reoolve m..,, af cD<IRicli,. 
,.,J..,n r:<¡uhmcnl• concu,..,ntly. In li;hl af !be ~ 
rlnily oC modcm •Y•Icm>, i1 i• a>"'med ¡11;,¡ JOOd oy>l .. 
,r.,;~n ntcd only pr.>Juce •mi•f"cl<>l)' P<•fnrm.on,.., for t'Oiil 
>ril<ria. Currcnt """'""'"" lcchniqllt>, h~vct, Nnc­
tt>l< 011 d!hcr !he UM:r crilcrion nr !he <YIIcm crilcriool 
~'f'CCI of !he lol;d ckilin problo>,.., h<J¡ r.ol bolh. A .,.,~ 
""'fY hu bc:cn d,,.ol,>p<d Lh:u cWtbli•h•• a furm~t lial..., 
N¡"·ccn thc cvalua¡Jo;, of •••• '""1' u a function ol IY>liNI 
""'ivisy al>d ¡he cvalu;!ion of rcsourcc utili¡~tillll •• a 
function of uou dcmand. 1hcrcby crcutin1 a dcoi,nrcnlu. 

· Wa proccu 1ha1 cncump.ouu both crilcria. Tbc mcth<>dai­
•'SY employo th~ o1•1•• in an ilcr¡uive '"""""'lo produce 
• ''sotisfactlll')'" dcoi¡:a. The lPSS oimubtor rrwdtls uo1 
.,.uureo oyotem ac1ivi1y, muhiple pi proJfiU!Imi"' cr,d. 
ualeo l>olh u .. r ond sy•tem ¡:o:¡ls, and heuri<IÍC pro<:edurn 

. .S.~rmine deoip modif.:ali~no 10 iopptUYe perf<>rmaroec. A 
lur>C¡ion.aJ delCriplion of lhe mc1lwdoloer and on cnmple 
of ;,. uu: wiH be pre .. nud. · 

1!-ITRODUCTJON 

In MJrch of 191l. ACM anoS NBS IP<>JI\Qred a W.urks.hop"~ 
,., c:ompo.alcr perform..""c cvaluollon. On.c of 1he moJar 
''"'u!lo or lhal Wor~,¡,.,p """" a con .. n•u• thol n .. re- """ 
¡,n IWO vparotc apprDo~Che. lo lhe ev-.d""liool ol inf.,.-..,. 
t;,n •Y•Icmo perform.moe.......,,.. which f<JC:u""' on lhc .,.,._ 
rutcr ·~•lcm dom:.in ond lhe olhcr •bo<e ancnlioa il 
diruud ~11he upplic~lioo >Y>Icm ¡., .. ,¡ dotll:lin. E:.:h h:in 
lhtlr own ,oall ;ond mc•,urc•: thc cumpuler oy>lcm d....uiQ 
~•,ure-o w-c ba>ed 011 ruouru qucucin; .,..¡ uliliz..U.. 
>I•IÍ•Iico und thc .,,..,, domain · i1 evaloatro lhl\lU~h lho: 
l'<rform:.""c (>( rcqu"'led ocn'icc•. Mc""'rn wch .. 

l""""hpul ond re.l""n"" time are common fur lbc loucr. 
1bc Worhhup al.a cuncludcd 1hat ;my perf<>rm:tn<c arul)· 
..,. '"""""klm:opiu ~>oeh thc c0<1o ora c""'puu-r io..,.UJ· 
11oft und the ""edo ulu•ers for ocn-lcc."" 

The complt~ity olt.he dc,jp problcm r,.. mo.>llcm """'" 
pdcr t..K<I inlorll'l:ltio• •Y•tcm• AA:< lncre-a.ed il~nif~eJnli) 
"""' ÍIS pre-dcccuo.-. duc 1o: 

•· tbc .. ,....;.;n¡: of un Ul"<ndina r,on¡>e of u-.cr '" .,.,..., 
...;111 corrn,..,.Üna divc,.,. perf<>nn:.ncc" f<\,lh .iN 
re..,..rn- rcquiremcnl5, und 

b. thc dy~~;~mic ~..s UPpredicl:oblc t>ot..•-¡, ot thc <p«m 
:rs • funclioft ol deoip dccWono ;md load 111i•. 

Thln, il ;, quite l"'"lblc 10 improvc the perf....,..rw;~ ,-( 1h< 
•r•«-m ,..¡¡h rc•pecllo onc"' rn~ uocrs ullhc n!'<'n .. ,>( 

Giben. I.Jke"'l"'· bec:tuu: •r<~em rnoun:n ""* u...t M 
diflcre-111 ., ...... lmp,..,...;n; 11\c perform;ono:c ctum><!cri<ti.:• .:~ .( 
otO... or II'OOI"C ''''""'n:n for 1he bcn<lit of ,~-¡r,. ,. .. ,.. 
..,.r """ ••own-~n <klri11'1<nllll di"CCI On peofonnancc. Thc ' ' 
rroblem preocn¡,d 10 thc .J..-.~r lf 10 coN'i~'llll" a •) 1-lCIII · '' · 
wtUcll ~;sr..,. tho: ,...., crite:rion ... tulc uchievin; •r•••"' 
,.1011re-c rcluled P"rf""""nce crite~u. 

A compo.ater ll:t...-.1 informalion pruc:e..ina >f'ICIII =N 
oricwcd n 1 •rmhiotic nl.,lionohip belwccn 1h< <)"oi(at"• 
...... Md fU hw"d"'arc, ooflwurc und dal.o ll"><>l>fCC<. 1&· 
.ny.lhc oyotcm"'ill perfontt '"Oplirnally'" wheñ it :.:hk>~ 
111 ., .. , oricntod ubj«tívc• wllhin" ininlmurn co•t •pJ(at. 
Howcvcr. oplim:<J oolutiono ~re- ocklom ucllic>ed """' 
•J"I'ICms ure e<>m¡>lu. 111 dcli""d or conslr~ined f.,r "'""'"' _ 
oubidc !he c11nlrlll of !be .Jc,l¡:ncr, und lhu•. th.: ,¡...,.¡~,..,. 

.....wtr o.:uS... rora ,.,.,;,r;w:turily bch:llvin¡ syoto.m .. H•'I'<· 
fuDy, 1y01cmatic pruo:"-'urcs are cmpluyed \0 ~bit_~• ~l·~t-. .......,....,., 
te"' co>dl"o¡ur..UUDs v.hich con.:uncnlly mcctlbc .,..,,_ obp.'- :: 
liHI •hile "blainin¡t cfr..,i<nl ulili,.ttiun or iiS •~"'-"'"••· 
Currcnl evo!""~•• lc.:hnul<>,ico rocus on ooly """ ."rittn.."' 
r. \be •r.u-m <lc>.i¡!tl cquatiun. eid .. r lbc .... , .... '"" 
lf1lem"o rc,•our.:c · ":''rf<>rm;ory:e. Thc f'bility '!' ".;mut~f!<· . t 
..n.tr ...,cnaitlthe im¡>;oe1 o1 ,......,n;e pcrform;.,,c., ua .,....,. • 
co:tl• or vice ve""' ¡, ""' "'"dily ...:hievahl.: ohruu~b th""' 
ll'OCdM-.duluPeo. Thc pu<Jid'<' of ll•i• I"'P"'. ;, '" do.....,-riN a 
ll'OCihncltll..lf;r .,.hi,b at;oN¡,.¡,, n furm;~ liaÍ'I>n 1><1~ ttn",..: .. ' · 
enllralion o:l .,,..,, ~·1• a• ~ funcliun · of •Y•I~m t>.:b• ~.;,. ' .. "' ( ;-::-. ·. : 

. ../.­
---~--------



~n<ltbe anal)•l• at rno~~n:e pcrl'~ 11t 1 fur~<tloll ol. 
"""' uCtlvlty. 

U,..,r <>ricntcd una! y..,. wilh •>~'>J<cilvc l'unclkln• t.o!ICd 011 
'"'PI"'"' lime. lhrou¡;hplll, and C<>!.l h:>ve """" lalld­
cun1in~in~ t<> he! rcJ"'ntd in 1be litcr-dlun:. Molll fn:­
qucntly. analytic upprn;,~llc• u-e q""udn, model• •• lhcir 
ha•i• tRd<ecn<;oo l-4 are rc¡>fo,..nlativo ol this typc ol 
analy>ist. Duc 1<> thc ""'""i1y to m:linlain tr:lcl:lblc 
m1><id•. n1any simplifkulluns are r~uircd for a modd'o 
unalyticlll •ululiun. Simul:lliQn llk><il:ls hove abo beca ap­
plíe<l to u•er u<lente<l an:llyoio.u Un!ortlln:tlcly; thcw 
n1odclo yicld onl¡· "'"'""" ond/11r ouresate mcasurn of 
oyotem responsó. A• a result or ll•e•e oimplir.callono, tho 
analy..,, ptoduce<l by bolh of the apprcacheo f.ill in IIWI.f 
car.es lo ldcntit) tbe rclatlon•hip betwecn u .. ,. and re­
I<>Un;eo. Thcrduro, thcy are sus¡x:ct whcn U>Cd to pn:dict 
the impan on sySicm petf<>rmanccs at modltyi~ 11>c cW"· 
rcnl environmcnt. 

Allern.uively. p<rfurmance Ún:•IY'"" cnn be m:o~ frcm 
thc 'Y.:.tcm·, wondpuin1, treatins the "'n and ¡,¡, ;o:tlo in 
th< ~¡:¡;rc¡::•tc. TI~<: mu•t cotnmoa :.ppmac:b is "•Pbsy•lem 
>tudy. "h"'~ :o p;•nicul~t p.o.rt ur 1he infart~~:~tiun •y•tcll>" 
cumplo• ¡, ¡,,i;llo.l, ""ilh thc '"~'Y>I<m U<Cr1<) "'Pfe•cntod 
hy ~ <h)l;h.I'IÍC ~oncmtor. 1-.>th analytk ~nd ..;mulative. The 
,..,.,¡ cmph:I'ÍZI:d """' at KSCar<h lw: be'ca the 110 wbo 
>f'lcm''" :ond Cf'U utilizalion.""" ~ prchlem with this 
k vol <>f cv:~!U;IlÍnn ¡, th;¡t. ulthuu~h pruvidi1111 ~ulu~hle locul 
intuítiv.: in•i¡;hl. the,e modcl• rarcly n:lote lO tbe u!timo.lc 
lnfurmalk>n •Y•tcm uscr. 11nd, rherdorc, do not provldc 
rc •• ti,lk in,i¡;ht intu ~lut.al ~rf"'""'"""· 

F.•amin:•tiun• uf cumpl<tc <y.,¡ cm• havo ,dso heen madc:. 
E•h:lu>tivc hanl,.·;tro/...,I'IWaK mca,uremcoto haYO 1>H11 
:~n:dyzcd hy G<>nz:,les and C:.ntn:ll"·" whilc •imul•tiOJI 
mlldcl,, indudin~ un "&.l''"l'"lc "''" com¡>~~nenl, havo hua 
huilt hy Rco•·o, :~nd l'ooch, Nort:.nd. ut>d L.um.""" Al· 
llk>u~h rc.ult, "r the ovalu;ui""' inclu~ """",..,• uti!i:u­
tivrt •tali,¡jc, :~nd u~r uri<ntod mea< U re> •uch "" fi:<¡>On .. 
time. tl>c<• ;, linle li11Cillpl in the•c model• lo rclalc 

p.•nicul:.r ''"'"'ce ""'~ to thc cfToJ1'1 ~n ""'' '""' :.ll;dn. 
ment. tT"" c•ceptiun• uro l.in,d..;>y'• "udy of thc 
KRONOS >Y>Icm" und Hull"• dala b:.sc invnlill"lions.'"l 
llu1 fn>m pr:•clkal upericnc" il ;,. evidcnt th:ll tbcrc ;. 
irtdc • .;¡ :. rdati<>D,hip ktwcen u<er ;•>al• and ...,,.,.,...,., 
""'~c. In (,,.;t. lluun" hu• fL"<:Cntly pn>¡>ll'"" """" fundo• 
""'"tal ¡,,,.., f•>r cvmput•• poffurma""o whi<h "''~te ,.._ 
'""'~'" ;..:tivil)" 11> ~11>1>;,1 >Y>lcm/u"'r mca<U...,. .ucb ~· 
''"""''""'time and thmu~hput. . · 

Jt O. '""'"''"d lhal lhc uhjecth·c uf ¡U1ud •Y•l~lll de•i&a Íl 

'" "'li>ly 1-.>th ,..,,r..,.mance rd,te<l critcria. Ho .. ner. in 
lifhl ,f thc c.•mplnily uf mL><IL"TII •Y>l<m•. many <le•i~a 
~c.:i<iun' tcnd "' l>c m;od" \lilh11u1 P"'l"'' '"PP<•niYc cvi·· 
<k~>~.·o un ¡><rf'"""'""•· Thc cru, ,,( 1he f'"tl~klll ¡. lo 
o"'ahli>h "cau"'l rd.1ti""'hip ktwcon ""'' p>al attainmcnt 
and 'Y'l~m •~""""" C\¡><:nJilurc,. Thc mclhi>JIII<'O\Y 111 he 
di-L"U''''<I ha, '"-:en d<>i~n•d IU c,¡;~•li'h >IICh a liai:..,n ;1nd 
"ill k >h""• n '" :~IJ,•w f,or thc c • .Uccti"n o1 ll<rct.>fiJI'I: tun:l 
111 1>hlain ""''"·•livc infom\aiÍIIR. Thc moth1ldiiii'I'Y me,.._ 
UIC> lhc in•p.•cr .. r individ"'•l ""''da'''""" intcrn:•l•Y•Icm 
r<rf Uffl~uu:c .1nd illc nlillc• 'Y•Icm NIIICIIL"<:~' "hj,;b inhihll 

..... 1 

"•JO 1 

..... , 
r 
1 

1 

• 

....... , .. .......... 
""Jout .. o 

' 

·-Lo•• • 
ruu ,,,._ 

L<oho<o ., .. _ 

- bot ..... 
• ... C..lo 

-- -------- ---

• ......... ............ ..,..._,, .. ...... ., .. _ 

--- - - - - - - - -.. 
To .. taoto ...... ··-··· 

' 

' 

' 

' 

-1 

-

' 

., •' 

tbc altainmonl ol ""'' couJ•. Thls 1:1 ocllicvcd by maintalGo 
l"J ,.,..,...,. utiliz:llÍIIa · <l:lli<tico oa ~ u~r cl:wo hw.l-. Thls 
nwtbodulusy Pf'C>CRII an enl""livc fmmcwort. -..hich b 
eup:.hlc uf olimin.otin~ m:ony út 1he numcrcut nun.,ri•f~~C>· 
1110')1 de.J¡:Jt, hy dircctí~ lbc d·-.l~ncr 10 lb<""'"' L'llvtlll~ 
JIWUS """'· This n><:tbodolot:Y lo 1111 itC'fDIÑC ....... •·ith exb 
il""'tiun invllllin~ thr« <epanlle but intq,t;lttd >I;•IIC1· 
Fl¡rure 1 lllu•tr-•t•• 1hc ;~~:tivltlo• r..,. "" lter•tiun. Brknt the 
rc•P<>n>il>ililie. ,..,. cach >1~"""""' In thi> r"""' ou: 

St,i¡¡fo ·¡¡ S¡s1~m t::-.•IH<tli<NI 

Thi• !ll.aplio ~~..,.¡~le for evolu..tl"" the tchavior ola 
•pxir~e inf""""''irut •r•tcm "">del. lt d,,... rbi• lly ,,....,.,¡,,. 
in1thc hardw:~rc, M>flw-•rc ~nd data uctiviti<:< hel<'n~iflll lo 
Q •p<:<"if~e d..• ,..ilh tlw •r•tcm"• """" ""livllic-1. Thl: 
,.,lplll• or Sta;c • ~"' pcrf•'"""~~« •t:.U.tn r..- tité·,._ 
>~lW'rC'' in u..; "'!llfC¡t;llc un~ r,., thoir khaviu< "ilh ·~._p¡;., ·. 
111 kl.:ntin<!tl """"' tor """•!. Tu p.:rfurm tití> fu...,tion •. !he 
IP'SS Simulator ¡, cm¡>luyed. t 

• 11'5..~;, o .,...U ,...,.,.. di..:r<~• '""' '""""''"' ·-dnr1'1'"""' Ql •--...1 ••~ U.."'"""' uf1ho !o'.ti<...t S.W... "-lo~;... G""' :<.. 
¡¡,¡.w::, 
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191 Nutionul Cumputcr Conrcrcnee, 19n 

.. rvlcc. A¡!nln. Fl~urc l llluotnun thlo vil:w ol1 •Y•tcm. 
Mo•t lilu:ly, •r•tcm ~~~ltin ase ourq:ationt. 1>1 onc or 
mure tnlditiunal ellf!lputcr •Y•l<m ru..,ti<>~~o tila! pcrfurm 
thc rulluwlng. uuh: · 

l. '"4""'' tilll'>l r.chrdulin •• 
~. '"'' mana~omcnt. 
~. ·~•Oilrec nllo.:at!IHI. 
4. '"~<>r>dary '""'i¡:o 1/() procnol .... und 
~. uppHeutl<>n pmcc.,ing. 

Th< chui<:e o( "ha! c"n'>litutfl'< ;111 actlvily i• """ d tl>c IUI 
t>f pcrform.;•n<~: .. cv;olu:olion. bo\o cver. " ""'""'<;'')' cunditlnft 
for thcir .cloctiun 1< that thcy he mo: .. uruhle ur.d tbutlhC"" 
""'"'""'""'"" di•tin,ui'h lile .. rvlco rutn. ror .. par~te 
da''"' of •Y•Iem ••rvicc•. h t. "'"" .,,..,.,¡ th:u thc role 
o( pofformancc mcoo•urement lo t~ determine the curren! 
proce«ill¡l Me rur thc jth uctlvity "'lth ru¡~«~to tbo llh 
..crvl«. · 

Fl~ure .1 i• a •cbem:~tk or thc (unetiunal compooitl<>ll of 

An1v&l of • 
. hqun •~ •h• loeth1t7 

roe s~rvtce !)pe 1 

1 

• 

•rol~ m uc1ivitin. El1<h;. vi"*" ao ~n individual queucl.., 
<~>!cm CL>ntainint """ or ~ priurity qlltU« ~nd DIIC 110' 

more ioknti<::ol """'""· Alldi•io,..ny. thc pcrfonn:onte 
nwa•uro r .. r the uctlvhy In pn>enoin¡ a rcquc•t typc lo tlli 
"""' d t..>th lile quci>C pcrfunn:u"'e olld "'"'"'" funttion. ~ 

·tlle ncli•it¡. Thruu~hout thii popcr. !be ~"rhhle R}l! k 
~mpl~yod M identify thi• pcrf(lfm.1ROC ~~ ncliv!ty A, •. w!th 
rc•pccl lo S.rvlcc S,. lt i• .,...,.....,¡,., l>c: !he a~t"''" fll" 
pcrfunn.1nce for Al1 thc tltaniono ol A, for S,". Allo 
"'"""iuted "'itb eoocb uctivlty A1 i! the pcrf~rmoncc r"ctol JJ, 
"'hioh Jo iniCfll>CICd 100 the JIC~IIn¡ (..c:lor lO lle lljlplitd 10 
rhc R~il to u~tain lile lcYCI of pcrfomrance for thc jr• 
uotivity 11hkh mlnimizco tile ~oul pr\l&r.lmmin; objo:ctlvc 
runction. lr >hould 1>c: ""'"d thuttbe pmbl<m of !dcntirylnc 
""'"""'"" ltvel u! pcrfunn:anc• ror a~:tivltic't.,l.c •• dttcrmi• 
in~ tho :oppn•pliatt ~nluco o( the R~ll"• i• compoundcd b)o 
tbe mulliplc u:<e or 1be oiCtlvity l>y diffcrent and poul~ly 
conl1ktinc ,.,.,.;ce•. "Th<rd....,, 11>1: moolifoaulon of an OC• 
.li~ity"o prooeniltl rore to achlcve GAe pi rnay be CO\Inter­
p<LI<luctlve lo rhc oualnmcnl of anothcr aonJ. JI is on thls 

(!o:ouo Tnn.olt ... 
q.,.,,. 11 

•1 

1 1 ./j_ ______ q'!.'!." !1_ ~-- __ J""" • 

.. M s. ..... 

TI<>• to 
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• 
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u e hu . 
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1 • ' 1 q.,.,. '" ' ----------------
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,..,,.lbltily nf multirt~ ~unnie~in; int~mctiuns II.MI ~"''!' 1ha1 
thi• rnotlwolul~~¡ty ¡, foxu-cd. 

l'tlii.MULATION OF THE STAGF. l EVALUATJVE 
rROCIOllUII.Ii 

~~'~ ~ 1• t>.o•o<l un ;>n o•a!Uali•~ rr""o~uu ~omR"ol.>nly 
c:otlo~ muhírl• ~"·'' pr""tammín~ tMGPJ. Tho pr .... ·odu"' 
''''" llr" fulmuh,lc>d hy Ch'"""' atod Coklpet" ín l%1 1<> 
"'""~ IÍn<:at pru~mmmin; rr,>l>lom• lhal had cunni.:tint 
<>•n•lr~inh. ljiri" do•·dupal the ,,.,,;¡, ,¡ 11>o 1'1\"-<olurc 
w.·ithin lhe fnomo~<url uf malhomati<al pn>~r:ommin¡:. Thi1 
t.:-<hníque h.>< h<:on u-...1 h> ...,¡, . ., pr<>hlcm.o in •he :ore"" uf 
.rrJtcP<; m;¡n;o~omonl pl.1nnin~ '"'h "' noC"O<Jntín¡: tun· 
!rol." ad•ertí•in~·mcdia pl;onning ¡Chames ano! Cuopci''l. 
.>nd rnource allo>cali<>n." TI\< cmplu) mer.t o>l ~"''! pn>­
¡:r:~mming in conjun.:tion "ilh infurm:otiun •Y•Iem pcrfUlm­
II""C ••nluatiun Í> a now u><: of 11\< pruceduu. 

There ar< thn:e '"""'"' for """"'~ mulliplc 1""'1 ·pro­
pammint for ""'in thlo •1.1¡<: of the =üu,.lulo¡:y. Fir<!. 
Ibis npproach can c\'aluau- lin~or and unlinal mulliplo ~11'11 
,;¡u..tlono. bo<h of "hkh :ore inherrru lo inf=li.>n •Y .. 
""'' evalu.<ti.!n. Fur e\arnrle. one .,,., cla" m.oy pay 
twic~ a• much fur il• >ervicc. ó<nd.th<rrf~re. •.oli•l.octiun of 
i~> ao.o.l• rn.oy bo .,.,.,11 ¡,.·ice;,. muchos albo: .. :~ lin<ar 
rel..llon. On tht olhtt hand, cen:oin u..crs, •u<h ~• o crilic~l 
J'LIÍent monilmin~ opplica1iun, '"''Y h.,.e i""omparabk: 
im¡>ort:m~e rcl~live lO olhct cb"OO: an ordin:ll rcholion. 
Sccor>d. mulliple ~oal pro~mmmin¡! produce• a >oluli<>n 
lhal nOI only ev:~lual<> lht l<>lal ;<><~1 siluali<>n. t.Jt ulso 
enlu.atn e<M:h ~oal. indi•i<lually. One or th.o 1"''1"''"' or 
lhio mtlhodulo~y i> to determine the crilical ""' dau.u 
>nd ""oci.lled atlivities. Thinl. MGP dcriv .. 11\< ""ht•l'" 
de""' ulldcr 11\< ;i>en ll"'l cunwaints. Oth<r <1<-<i;n np­
p......,hts >uch "" ~<d&hliJI¡!. ••q~nliol eliminalion. nnd 
;p;.uial pro•imity,'" are b<o<ed on seloclin; lile ""b<:SI"' 

lk>i;n fru<a u finilt ..:1 of allcmati>e•. n.. I"''PO'" uf 1bc 
oven~ll melhod<>lo¡:y, howner, ¡, lO d"i#lf on >!'Ptupriote 
>ystem 1<> suti•ry tht' """' nnd .... ource con!Llroinn. Tht 
>l<lnd.rd formub1ian of a mulliple $11>1 ~tntllll>i111: prob­
km io: 

[A]"Minimiu 
Subject to 
whert 

• 

Aga malri~ or tecbJIUio¡;ical ~oclrldtoiS 

""hkh c-~o he lh.,.,;hfof "' tilo! r~les al 

which tbe i1h ><rvic" """' 1he jlh re-
O<>Utct 

X~the amoy of ,..,uJiin; •Y""'" rnL1Un:c 
nllucalion leve!> 

G•lht arr~y of >Crvice ¡:o:¡~, 
Dgthc: arr•y of di.ctcp.>.ncic> frum lho!;c 

¡:o:•l• 
P-tbc arr.ay ol pcnallin aoootialo:d ""Ítb 

tbc di"'«r:•ndco in O 

a...t who!re lhe ohjcctive function ¡,lo minimizo lhe produ<t 

.... 
of the di""tc!"Ln<:i"' nnd thelr """"'"""" f"'J\:.dtico. Tbc .· ·' 
wluli<>n tu ~ multiplo: 1'~•1 pn>¡:r~rnminr¡: ¡>rt>hl.:111 n-p~nl• 
11\< he•\ >Ct ,,r k•d• ¡., the re""''" ;o!l.,.,ati,,. •ctl11r X :. 
o.uch th;o\ 11\< <>hj..,tivc funoaioo ¡, minlmizod. Tbc rcm:•ln- . 
dor ol tbr. ...:ti..•n d;......,,..._..,. 1hc •r«ili< r"""""'ti<>n r,,. the 
Sta¡:< ! c"mpuncnt .,¡ lh~ melh•lll••l•'IIY. . 

Fi~u"' 4 illu•t<:.t•""" lhe rcl~lil'll>hip I>."I10<0R MGI', \he: 
inf"'""'ti•m •r•tcm :oeli•itic.. allll ito ....,rvlcin; or "'""' 
f<qU<"'''· Tbc ••,..·kil'>l L1f" rcqu..,. t¡·pe; ¡," ""que"'" Df 
act/Yill«. A,. A,., • , , i\0 • o;o.:h "'"'m.,..:ltu N mc ... urn­

Ne ~~ ll.}i\. 1~ ¡oncr.o!. the ""'"''""' can l>e o fun_ct;..n 
M1R~i\\ of lhc •cn-kc ¡;..,.. hon\"CV\.'f. ju•l R~il .,..¡1! he 
empl.oycJ in 1ho r.,llm•in~ di''"'"~n .. 

The perfo~tm.onec·or ti\< inC'""""'""' •Y•t= t,ir """'~ 
1ype 1 ¡, ¡:i•·•n by tl>o relatiun 

• 
T ,li}• r IRJill "' ••• 

wherc T ,.(i) ¡, tl>o a•er.<1« •r•tcm fO'Opt>n>e tlrM 1<> .. rvke 
ro<¡~K•h olt¡ pe l. A"umin¡: th.lt thc perf""""ncc ~ for 
tht •c,..·ioe i• T~~i). lhcn thl: di-ctep;lrn:Y t>l:twcen perfonn· 

. """'" nnd "-"'1 i• ~•en hy • 

"' 
Th• ut>icoti~• of MGP i< to determine ncw pcrfunr1:o""e 
ltvd• for •""h MCti•ity in '"eh a ""'"""' 1ha1 11>o ,. .• J,hled 
ó"CJ<Ir,mcy. P;O. ;, n>inimizcd lhopcfully 1" zcru). l.etlln; 
{J1 bt ~ scalin&·,rai:tor lo he appli<d tu lhe jth IICtivie¡·, 11>on 
the ncw pcrform:~nce lc•el for 11\< ani1i1y io R~i){J1 • !no,... 
por•lin~ lh< /Ji• into equation 111 rc•uliO inthe folluwin¡ 
npru,¡on for tht diocrep.¡ndes: 

. . 
O(i}•TJil- r (RAil·{J,). 

••• 
(3].··,· .· ._,·:;.: 

Obolerve that bolh p<»ili..., """ nc¡;:ui•t dÍ><r<!"Lndes are ,' · • 
pu"ihlc, and. lh<refor<. 11>o futJIIW..tiUft o>lthe uscr ¡ooJ · •:• · 
nuh•:.Liio<l u • MGP prnblcm beaJa>ea:t 

[B] Minlmiu 
1.1. 

P~' •O'TP• -.o-. 
R ·fJ+ D""- i)"oo(l 

··~ R is • ""''"• ot....nc. nuco ~ 
fJ is the am~y o( .c.:Jint f3Clon 

0' io thc arr•y ot """' 11""1• 
. o• ando- •re tlle """•Y• of, rc•pccliocly. tbc: pos;.. 

tr.c ond n<¡!.llivc d;...:upancies fn"" the 
u;cr &<>ab 

P' ar.d p- au tl>o arr•Y• olpcnallin ''""""''"" whb 
ll>o corrnpundin¡: P•>•Íii•f ~nd noptivc 
dl.crrp:oncico. 

• 

Tho funnul~tion servn IWO purpooe<: Íl ev11luatn ~ 
~chicv.·monl ano! rruduw• ti\< p,· •. ny· •euin¡: thc 'r.>luc• ol 
\t.. (J'•to rc!lCct o;.! y ll>o current conll~ur~Ú<>n (!.(., fJ.•,IJ,. 

-~·· . - ··~- '·· :. ··" 
1 """ , ... p~.-.. ..-~ ................ "" ............ p.o .... ..,. 11>< - •• 
,.......<-4 ..... "_.. e-·-• .,.,. e_ .. --a..-
... ...-.. -· . .., ... 

. ·' ; ·•. \ 
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' Eo<lao<ool too 1 
,A"IYI .. flMO 1 

, ..... .. .. t-· '"" lJ lJ(i~·J . 

oya~,.., .t •:1 'o aod D(l) 'o,''' oloo ""'""'" of C...l hosr• O¡oo\.ohoUoo PnU• 

Flo• .. ._ ... ~ • .,..,. ............... ~....,¡ .. ron... ..... -.-

!he cvalualion <A tho: oy•tOm'o auainmcnl ot tbc u..,, &O:d• 
lo aC~<I<npl¡,hcd, 

E\¡><rimcnt• with f"rmulmion JBf produccd Ynlid; t>ut 
impro"'li~aJ •••• "' fh, Tlle ).{GP ¡>n>bkm as il:.ttd all.,...cd 
for !he po-.it>ilily ul M>luliuns whcorc: a IJ, c<>Uid oquul O, 
d<u<ly "" un;occcptahiC >ilu"liun. In "rdor lu inhihit 1his 
LYI"' uf ..,lutiml, lirnil> "'"'" pi'""',J on the r~nl!" vi poo,jhlo 

.. 

/J, v;dUC>. Thi• "'"" ;><.:umpli.JIC<J ,.-¡¡h thc futl~wina: .. 1 uf __ _ 

TI>n.c construint~ are ronectcd in tbe ot>jcctiYc fur>e~kla 
in a m;10nor difforent than previ..Us constlilints. lnstond ot 
minimi¿ing butb di.'lo:<cpu>Oies, OD!y """ is minimind. la 
tbe Cll.., ot L1 only ,., - is included, oince, if,..- is driven to 
.. n>, thon R¡llllo-¡.o?•l.,, lmplyin¡j 11\:>1 R~i)./11>1..,, lllc 
do>irod cundi~on. Simil...ty, for H, <lllly •t is ia ~ 
ol>jottlvc fu.Ktiua btO"~Uoc minimizill$ "1'.-n:•u!ts ia 
R~ll.ll1<H1 ... ;:., __ ::. • .,. --.'·· ·- --.. -----

:odÚI!iun.ol cunstr.olnt.: ' 

.... 
,6,+ "' --"' '•l., 
p,+"¡--•,''"H, 

0<L1sl 

'"'"• 

'" 
"' 

L, 1> u"'d h> "'''ri~tlbe ultoma~vC po>"ihilitit> fur lh<: ~""' 
tl\:>1 .81<1 .. ru.., H1 ;, u..W fur 1~ ca"" 11\:>1 ¡11>1. la 
"'nor-.d, lhc >O! uf all l""itivo di,orop:ond"' fvr L1'o, 1.1'1 •, 
,.,•, • • •, ¡.o1'J•M' an<l lik""'i>O fur ~~~~.·. o,•,, ,, , 
•1 '1• N', IM • an<l N- ha ve >imilar ol.;rinil;...,~, 

Thc>C o!ddt'd cun,¡.-,Unt• "'"" !\:>>'(! a ~y>k:lllnurpn:b­
t;.,n rct.tive tn 'lbe · cv•luatk>n of lho! ~¡·>ttm. No aotivity 
c;on t>e"dimin:otcd frum u •Y•tcm (l.e., p,-lll•ince l.1 musl 
he: ¡:¡-catcr 11\:>n O. In ~ncr..J, ¡,.,.:CV(!f, l., ~nll 1M 
'"''''" buund on tbe de#= ot trouctl,.., fea•ible for !he 
ourrcnt. mio uf ""'~' fur an :octivity. For e•~m~lc. l.,• .:U 
impfte• th:!t thc U""f-' <:>le fur ... ~vity j """ 1>0 ni:..lc, 1>1 1 

"'"''· '"'" riM r ... r • .,.. hd"# trouccd ro lY.l' ..r it• ~u'!Cnt 
r.uc:-.~imikorily, · H, ·~~n..,.•n" the · url'<'r "'"'"d "" ~ l_he 
de~.,;: '" "hich an :.cti•ity'-. r-~1< ,.,. he i~><«:»t<.l hi<>WC>l 
dn,.·n). 1t mu•l he cmplta>(z,·d th:tt the.., limlb me only 
noo~h c•tim:otc•, nut nacl V:llUCII. 

In llnlor•~ reduce thc numh<r uf ultcm:..tivn <>nc •h<.,ld 
minimiu the numi>Or of m<>lliflcati""s indic'llÑ pcr ••·•lua-
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liun ilcr.oliun. Since m<l<,h(kali•••• an: char...,l<rilcd l>y !he 
l"''~~""'i<>n of p;. not ~ltül. • •<'<:<>nd,ory ul>jccti•e d 
Si"#" 2 ;, lo pn>duce ~' fcw p,,;r '"lulion' "' pu"ible. 
Thi• is accumpli>h<<l l>y indudin~ the cua>Lr~inl cqu;>tiun 

{J,+o,--.,·-· 
_~hilo> minimÚin~ lo.>lh <1' nnd o,· 

'" 
"""''"'in!< uf lhi• trre provi<lc a dof.oult ~alw or 1 f<>r tbc 
m!liLiplc l'<l~lpn•'r~mmin~ proc,.Jure< in ¡llc ..,.,. .,-hen: un 
~<livity h ncithcr crilic;oll¡· ir>ciTh:icnt ur "'"""¡"'· ¡N<>Ie: 
a,•,o,•, .... <,'J•E".I 

A• m <c•ull uf 1hc..., aoJded cunou·.Uats, ¡he anual ronnu­
la!ion of !he MGP prul>lcm u..W in Sin¡¡< 2 i• givcn in 
funnu.l~liun [C] ll.:low: 

[C] Minimize P~' ·D' +PA ··O·+ Pw • •M'+ P0' · 
N'+P,'·E'tP,-·E· 

R·fJ+D'-0' •G •••• 
{J+M--M••L 
JltN'-N'•H 
,8+1!--E•ool 

where 
R lo thc m:urb ot Krvioe "''" 
fJ b the ~rr•y e( .caftn~ faciO" 

O, L, H, nnd 1 ore ll>o nn-•yo uf ~o.oll f<>< tl>o 
UKr ~rile,;., ~nd tllt reopeetive fJ 
con.tminto 

D'-, M', N• llnd E• III'C lh< ""''Y' of po<hive .ond 
ne¡::ui•e di,..repandn from the 
rc•pectivc go:ol< 

PD'· P.,•, Po", mnd P•' ore lhc llrr•y• of pen.>ltie. far 
the a•«>eiated di.cr<l"lliCi ... 

'The oolution variable• for the MGP pru~lem ,,.. the fJ'1 . 

'They idenlify those at:livitin th;t mu<l be ahen.d In onkr 
\O improvc """' ~••ed or 'Y"<m h.l•td pcoform:1noe. lf !he 

. val,.. for • /1, • 1 llu:n the Krvioe ch;r.><:leri>lico otJ..o¡ivity j 
were Ddequ:ote lo o.;uhfy nn !he u .. ,., crilerio. 1f" fj,<.l. 
llli• impfoe< th;ot the curren! r.crvice r.uc of a~tivitY j ¡, 
in>Ufficieat tu mcct the <yot.,'• netd•. The new .. rvice 
rale f<>r tM nctivity <ho>Uid bo R¡·)•(,ll,)o(RJ·)l. rr 0 fJ,> 1 
lhen lhc cunen! ,.,....;ce r.lle of !1CIIvily j ;S fa<ter !han 
neceu:tty 11nd thcre e•i•" tbo poe..jl>ility ol "'""'' cap.u:­
l!y. The new unil roolc >il<luld be Rl·i~(,ll,)oiRkll. 

Jo,uumill¡! that "" HCIÍVity fullow• lhc char.tcleriz:uion in 
Fi~ure l, thcn the orulys.l ha. 1hn:e avcnu .. of actian ,.·hcn 
• p,,o¡, Fi111t, he con :on:.lyzc thc <¡Uotle di•patchin~ di•ci· 
plinc In ordcr to incwt>e qucu~ lhrnu,hput (or pos>ibly 
rcpl:>c:e it .,..¡¡h a >impi<T one if fJ(>I), Sceund, be c:on-~llcr 
tbe K,....k~ r;ole ch;or~ctcrhtico of lbe "'rvcl"ll, c.; .. >lower 
b:trdw:orc dcvkeo. An~ third, he c:on ii>Crc"'e tdc~re:u.e) tbe 
dt~ of p:tnolkli•m ,,...,..¡ ... ,....,l"ll, f<>f u:omple, hy add-
1~ [~movin¡:) n ""cond cb:tnncl, ~onlro!lcr, ole. -

l.IAISON WITH STAOE 1 

1De crilic-.1.1 f,.clon in lbo St:>¡:e l cv:.lu~tion ~~ 11>e 
v:oiiiCJ rar thc R~i)'o ne<:ded by lbe MGP furmul.uiun, 

Th..-.~ v~IIX> aro c~lcul:nod in Sl:o¡:c 1 ;mo.l :ore" !he >lati•ti<ol 

' ""'"'""' pn>ducod wi•·a-vi• thc ,;,.d,.¡i,KI. Tho >pccir..,_ 
mc>dcl tu 1>c .,..,.¡.,._,¡«J ;. thc rc•l>ll .,( tbe l•:uri<l'tc pn>ee.· 
dure< con"itutin~ SI;'#'~ 3. Tl>o: li;ai""' ¡, """"' upon !M 
"'"'mptio>n tbl :on infmm:;ti••• 'Y'''"" can l>c viewod o• a 
cullccti<>n ur re"'""'" :ol~11:;oli11a ~nd t:t<k m:<n.q:cm.,.tt 
Ktivi(;.,, :ond U•cr otient,-.J """"''""· "Thi• viow j, >UpJ>IIrl<'ll 
~y thc litcnotur,•, c.~ .. M.oJni.;P' :ond 7.urclwr ~nol R:on· 
d.o!l.'" !PSS "''" wkw, obe n11.Jdi"" ul :on infu11olillk>n. 
'Y""'" ia a •imitar ll'l.<nncr, ··nd thu•. f:o.~liun.,.. !be dcveJ. 
"pmcnl uf tbe (.,, m:ol liai""' "ith th.o: MGP u>Cr cv:olu:otio>n. 

Tite vie,.· uf !he •Y•l•m ¡;,k.·n in St"F ~ "'" il!ll•lr:ol•'\1 in •.·· 
Figure~~ n..., :on "''""'~'in II'S.'I, )1, r.;,;,;., fll<>delin¡: con.cepl 
io "'"' ,r ;¡ ><r~·ioe '" >h""" in Fi¡:ure ~. lñe "'rvicc t. .• 
c~~<>ifl.:<l in IPSS a. :o ,......wur..J r...,;lily and i> <"!"'hle ol. · 
"'P"'""ntin~ :ony inf>lfm.>tio.m •J••tcm ;od...;ty indudin~ ·,.,_ 
<¡IlC.<! jjuhl o.chcdulin~. ""k m:on:~m.:nt. "'"''"~~ oll"""'" 
lion, KCond:ory >.~.><""#• 110 pru.;C>.in;. ond applic-~tion 

wflwn,... Sincc ,.rvicc• :OTO :oll<>o:.o!.oM< fadliti« ¡,j IPSS 
lh.cy i>:tVC ""'<'I<Í:#J "'Íih lhCKI OOIJ¡ <¡UOUCiflll Und IIIÍIÍza­
\ion s.I;Ui<lio•. Furtb<r!lln,..,. ""rvi.:e i>cll.ov...,. '"" l>c pte<li· 
culeo! on lbe qu;ontity :ond char...,tcri>lie< of uther lPSS 
bardwu~ and 11<>1"1w:ore facilili .... Tllcrcfore, the >l~ll<lic1 

a .. od;otod .,.;,¡, "'"'"'• facilio;.,. h;vc the :oppn>pri:ote otruc· 
tu,.. lo ocrvko :u the R,"> n•"<'dod in Sla&e l. 

TÓ complete tllt fOfll\:tl ¡¡,¡..,n "'-1"'""" thi ,.,.., ''·""' • 
«<ond fuiure i• cmpl»yed. Thi• ¡, tbe T~•k f:odlity. 
Thmu~h it•'u...,, the "''"ice fadlity ••~•;,,¡,., c:tn ho aul"' 
rn:oticaiiY ;¡,grc¡:.,otd int» "'"''"" <1:11¡,1;.,, ~~ """'· In Ibis 
nunner, the Sl.>Íistic Rjil. requirN hy S!4>-' :. is cotl,.,ttd. 
Thu•. thc Sta¡:t 2 ""'" Wlllncd t.,. i) und th.c lloCtiviti" . 
(inde•cd ~y j) ~re. ""peclively, an IPSS modd' • Ta;lt """, · , 
Scrvice fat:nltic.. An R¡i) i> the sum of qucuci..,. und ~ .. 
u!UW.ti<>n <tati>lic• ¡::llhcrcd f"' S.rvice 1 wben uecutl~.··~ 
Toskj. ·.,=:·: .. 

St:t¡;e 1 must .,¡.., ho ud.tpti"" tu model cha,., .. dictnt.id 
vio St~ l. Apin. the !PSS m<id.:l ·~athc.i• philo-opb.y 
o.nd ~'"'"""" con<trucb pcrmil !he <k•irtd nd:optiveneu. 
lñi< io f'Oli•iblc (»~ rt:><un• '"" d<:~,jjl<d to di...; u .. in thl1 
l"'per. A complete dc.,.ripoi"n »f IPSS i• ~Yallahlc in tM 
docu..,.nl titkd "The lnfurrn.lliun l'roc:es•in; Syotem Sí"" 
ulmor (IPSS): Uingua~~ S¡nla\ :mJ Scm:tntic•.'">o Briofly, 
llowo....,r, l"">lhlc """'iftcaoi.,.,, '".,. uhtin¡: iond ucotlt­
irq¡; modd witbou1 requirin¡: cumplcoo ,..rum>ulatlun include 

.. 
-·--:..._¡;:g __ l.))_~fl¡ H..-==~~-
-.. -~--~-------:-:i~!Ji-,--1:::::~ ..... 

----
···., ... ·: ... . -''-/ .. ·:-

r • '· :~ -­·---·· -----
--~------ ... , . . 

;; ... ·;-; .. ~. 
: ,; 
' . :·; ... :• .... 
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'"' N~tionul Cumputcr Cunfcrencc, 19n 

1. tlmin~ nnd •puc• c"''""'tcri•tics ~~>.o.:i:ucd wilh 1«• 

uncbl}' ~IUO.ll!<' IL<u-.J .. '>tC IU'Id •tOr:t¡lC medi:a, 
2. thc •ccnndary •tor;¡¡oc 110 conr.~ur.otlun, 
.1, u•cr "'"~" p.;ncm. und <c:rvlu ~ulre,.,.nb. 
4. fl1e OI')::>Riz;otiun mcthod> \lnd •l"•<c m;tna~cmcnt poli· 

de>, 
~- tite <¡ucucin~ di•cipli~• a>><>ci,tlod wltb juh ..,bodul• 

1"1. re•oon:c allo.>c;otion ""d ta•k man:o;.:mcnt, nnd 
(,, mcmory m:on.t¡:<mcnl pulida. 

IPSS 'ltpplic• thc !':tt~ 1 procc,~in~ with" c:op;thilit~ of 
b,in11 ~lf-:od.tplivc ,.-ith k<pcCI to St- .1 outpljf<. C'ul'­
ren!ly. tite rncthudol<>¡ty cmploy• moddcr ""¡"''""" In 
S~;.¡:c .1. Fururc rc>can:h will 1>1! dircctcd m pro•idifll mo>rc 
"'phi•ticatod l><urhtic< r., S~·~ J in on.kr to provido! • 
Huly oclf-cunraincd itcrntivc mcth,.dulu~y fur thc multiplc 
uitcria nalu.ttion ufinl\>rm.,tion <yolcm•. 

~'TAO E .1 ANALYSIS 

Thc functl<>n• <1f sw~e. ~ of thc mcth<>do!og;y n~ lo 
<l<i"miM "h··•h~r 111.! curren! conf,.:ur..~i<>n ¡, ..,liofactory 
mod ID f<llnllll,,l< ,, """ mi>del in li~hl of lh< data ¡mwldcd 
from St:~~c 1 ;ond St;L~C 2, Fi~urc 6 •howo the information 
lluw IU St:~~c ). N<" moddo rcnect '"" po;rlorflt,lncc ~· 

--· 

... """"'' ...... 
"~•-· 
"""''"' 

"""' ' 

'" ...... ·-­.......... 

...... ,_, ............ no.. ........ J 

~· 

' 

.... 
' ' ' 

·, 

(1( hnlh 11>t uoer and !be oy•t<lll. Hcuri<li~• U<l"'l Suihn.'. 
l~nd'o• deflnition ot 1 l>curhllc: are ~mployN in~ l .. 

T1w prolokmo encuuntcred ;ore complc• and un,1noc. 
!Urcd. O.:tcrminin~ tr !he current dc<i8ft ll "«<f'l.ol'lr 
rcqui"'' o mioturc uf '*'.i«tivc ilftd •uhj«ti•c ~o,. 1o • 
W<>Uid 1>c a r~re •ituMion if ~n tht ... , '""'' and <)-..tOrn 
con,lr.oint< ~·ere ""i•flod oirnuiHoncuu•ly. Gcncr;¡jty. an , 
ntrcm.:ly •idc "P<'<Irum ol ~oblc perl'ormano:c k•.r,. 
;1nd •ltom:.llvc de:<i~n• •~ Pl>151"blc, ot ...eh ii<Mi,.,, r0'• 
,.,,;,ry h<ltb ""'' •nd •Y•1em cri1criu. Toad<·orrs w;n d.,.,. 
""'" ll>c dtci,lon pioo;t>..,., M•ny fl>l'!on crrcrun¡:: sui¡;.~¡, • 
dc.j¡!n• m.<y nor l>c inoludcd in lhc formul;llion• nn.J pn>cc·, 
dure< of 1ht r.n1 !wu <b¡:n. For cumplo, •hea · fll.:lr "" . 
utcm;,l P<>litic•l• o~Lni<;Liional or economic con<;.ror ... 
tion• thot ""' n<>t dircctly rcl,,tcd 10 !be pcrt'orm:oncc uf !he 
•Y•t<m. !out m;oy t>o o m:¡jor f:.:tor in 11>c fin:d dtci<l<ln. Ttw 
mcthudolou d<>e:< ,..,urnc. howc~cr, 1ha1 tlw! hturi>tio: 
procc~""'' ha•c ""ce" lo lhi< cxtcrn•l' critcña. 

Whcn ~ hao l>ccn detumiM<I 1h:u anotl>cr ileration h 
do,ir:•No, it is ""umcd 111:•1 thc heoriuics wiU eumint 
currcnt nnJ ~"'" dc•i~n•. Whatcvcr 11>c """ri•lk nnploycd. 
idcaUy iu '*'icc1ive U lo pn>ducc o oe<¡L><ncc of mi>dc!• 
who~ {l, char:lCicri_"jc~ (for ull {J's) N:h~ve as followl. _ 

• • "'1 • ·-.. -
Thc cmpll:osio oi1M currcnl ........ rch ls lo providc insi¡hl 

imo lhc d«ision P'""<"' for impmvinalh< pcrt'orm:.nce el 
infumr.uion •yotcms. St;,¡:e 3 i1 lhi1 lkcision proceso. 1! il 
nidcd ~Y in¡>111 ffllm four sou.-cc• wirhln lile ,.ll>odolagy. · 
Thc•c OOUI'Ce:l !lfC' (•) 1114! St•p l OUIPI>II• speclfoaJ!y lht 
fJjo i<kntif>cd lO impt'll""' '"'" and SY>I<m ~ pcofoorJ.. · 
aDCC, (b) •)'>te m l>cho>ior >Mi., lo: o frma Sta~ 1, (e} lht 
cu.r<nr modd, nnd (d) hi,toiia.l dal:l from prior ~er;olloa .. -
11 •hoold l>c m.pho•ized 1ho1 al tbi<jUDClure in ~~~ dcv<lop­
monl of thc mclh<>doi<'IIY llO form.'l h<Uri>tic proccdurcs 
h:•v< htcn implcmcnlcd. h ;, .,,. oltht pu!JIOIQ ollbis 
«'ICI'r<h. ho. ... -cvci. 10 in,·c;liptc 1hc apPf<>prUtcncio and 
succc., uf vari<>u• hcu• ;,ríe d.:ci•ion ruleo. Rule• ol1humb 
>U<h u tOO.. J'«>P<I""d by Buua" are p<><<iblc! Avcauu 10 
1>c \nvn(•plcd. 

' . 

AN EXAMPLE 

1• <l!d<r lo vnlld:uc lhc rr.~<>durn u...,r,11<'d ·in tbio : •. , 
mooh<><luJ,,~y on,lthc Hai•<>n l>ctwccn SU<¡!< 1 ¡md SL,~ 2:-a.;::" 

. 1«1 c.o .. "''" d.:vci!IJ><d. Thi> u"mplc! .-... ln<>Jekd ouid :. · 
C'-"CUicd · i• IPSS lo <;lli•fy-lht St:~ • 1 Uquirc .... ~.1i;'' . 

'A-k •·, <l ......... ,...,__,~..,.."""'"'",, •• ~·,.......,;,; 
~ ................... ·~ •• ái11t""' fh .. - '"""" ...,¡ bll ... 
•<'MI ... ,. !h. <ril<tb Olor ........ _, r,¡,._. ... , ................. tu. .. 
........... --... 11): ..... .._. ~ 
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Me~hodolu¡y rur Multi.Criteria lnfurmati"" Syotcm Dl:ol;n 901 · 

1/SEit, 
usu. 
U$U, 

··. TABI.E 1--U.., Oool f.•"""''"'" 

~ 

•• ••• 
•• 
'" ~ 

Sevett~l Íl<mtions \\'OI'e "r¡>liod, demun<!r.o<in¡• tho cyulua­
til•e ""P<Ihilitico of lhc m<lh<>dul<l¡:y. lb.> f<>ll<>"-in¡: i• ~ 
:lescripliun of the pro~l<m, the eu,..,.pondin¡: model nnd 
1bc n:\ulh of ¡¡, n .. t ¡,.., itcr.ollun•. 

Thc "'""'pie ¡, a mudcl uf an un-lino documcnt retric•ol 
•t·stcm. Thcrc are three m, .. "'""'Í~t<d "ilh tllt >Y>Iem;"" 
..,ll>o<flitlc inde> (Ail), a sy•lcm do<:Um<nl it.lcnlilicatic>n 
file (10), ;tnd lhe documcnt me "'clf (DOC). ThcY '"' 
·~~~~tunolly rel.11td '""" thal "" enlry in 11>o Aff r.t.: J'<)inlo 
lo o~ or more <'ntri,.. in the JD fk >INI <a<:h 10 lile enrry 
1~ 111m il o .. ocialed with only one DOC <ntry. 

TI1e rnodel 1• de•illllcd '" tbal a uni~uO oeti>ily b 
""""!oled with thc o.co .. i.,. d. exh fiJe; Anivny 1 witb 
lhc AIT file, Acti•ity l "ilh ,¡,.; ID lile and Aetiwily J wilh 
lhe DOC file. Each aoli•ily ~rforms simit.r functiuno: 
ob!ninin; nnd releasing devic<:s, readÍ"ii reconh, ~rfo""' 
in; 110 techniques, bul !O dilf<Tenl fileo. 

ll is auurned lh:LI th.e •ystcm <upporh thrce U<er cb~on. 
ench with " dlfcren! dem:md on lh.e WricYal <Y>lem .,r¡d 
nch ch.or.~<;leriud by a dilforenl combin:uion O( acliwilia, 
Tbe P"'l'O"' of !he lir.! u~r cla ... USER,. ;, 1<> relriewe a 
d<ICumcnl for o l>mliculor lLUlhor. lh<>< u¡¡)jzin~ ~11 lhree 
aclivilics. Tho>e in 11u! 5CCOIId """'da.,, U.'iER,, w~nl 10 
dclermii>C llu! e._i.,onctiL>O....,,;Sience uf a.n tnlry in 11>e 
IY>Iem for ~ !'iven ~u•har. and lherefore, need lo U.<e only 
Aclivíly l. The final u.u cluu, USER,. alr<.ody hn• !be 
~.Ido e u of lbe ID enlry and w•nlJ lo relli<ve !he :uwci:ll<d 
DOC enuy n:quirin; only Aclivhy ~ and MliYily J. 

In ordcr lo complele lbe formula ti"" of !he ptrformonce 
evalu•tion probkm for thio melhodol»cY· a"ump1ion• en ... 
ccminc 1~ perform:u><e of 1be oyotem "'"'" madc. A 
••mmary of !bese ~"ump!lon> for tbe "'"' ~o.1lo and (J 
ennm~ints oL>d !he pen.:>lli<> "'""'iatcd with lhe corre­
op.:ndin¡: <f¡;crep:~ncics in accordance lo lhe t«¡uircmcnu 
offormulalion [C] ;, •""'-n below, 

0-( 150.0, lOil.O, 400.0) ,_, >. ·'· ·" H•( M, 5.0, ,,0) ,_, 
1.0, 1.0, 1.0) 

P.,••(IOOO.O, 10.0. !000.0) 

P.- .. ( '·• 0.0, 0.0) 
PN•.,p.-.,p~ '•Po - .. ( 1.0, 1.0, 1.0) 

1"bo mndcl eon•tructod in lP.'iS assu!ll<d a ,;mrk conr~;­
u.r.uian <>( 01..: P'""'""" and""" h.onk ot 111M ~ll4 lypc 
ditr:t acccu dc~icco. Undcr 1 ¡:loen lo;odin~ (whkh ¡,nota 
,,,.mo!J4ble ~ariahle in lhi• m••hodol"'l'l the rc•ullin¡: 
~ofotin.:lnco staliotin, <he vol""' of on3uh R. ;,re sbollrfl ...... 

. ' ·_, 

Q,(ll• 0.0 Q~ 1)- 0.0 Q,lll- 11.4 
-S,W•l1.1 S,(I)•Jl.l S,j.l)• 90.9 
"R,(I)•ill' R1ti)•.H.I R,m-ToD 

Q~~l .. ll.l Q,,())- 0.0 Q,[3)• .., 
S~2l·~ S,IJJ•l9.1 S,!ll•~~ 
R,m-.48..'1 R ,o:l J •J9.í Ro[l)•I0!.4 

. Thi< r<rform:oncc inr,,..,;,¡;,,.,, cuupl."<l wilh lhc ~oar::·; 
auumpli''"'· ,..~, inpul lo !'iM~ !. TI... CV".o.l""tiun <>( tbe 
ou=N «>nll~ur.llinn'• .,.,rr,,..""'""" .,·ith rt>r<•l 10 th< .ct 
of u.cr·, ¡>.>al> ;, sh<"''" in T;oblc l. ll intliL."l"' lhat the 
¡,;ll• nf ~><r dann ~ and J ,. .• ,.., -..li•fiCd wilh a lond ; 
mooq:jn D( oloá. lwhkh h ""1 P<fl.llilod iA 1hi• uample) 
while lbe jlllal of lhc flN U>Or da""'"'" 001 >Jili>llod (ovCr­
ochievcmcnl implyin¡:non·>:oli>fa,1ioml. 

In lbe oecond pi'L:I.., o( Sta,.:!. the (J'• ;,re :dl<>Wcd to be 
m..nipulatcd untillhcy •.ati>fy lho u<er ~"'"' oon,lr.oinlS llnd 
bes! •ufficc tho o¡·•to"',.~uiJelinc <:<>notrainto. 'Tho! rewlt ;, 
!he idonlif'cali"" o( lh<>< acli•itie. ,. hooc perf<><~~~:U>t;< co.n 
be, ond non.! lo be. improvnl "ith ,..,perl lo onc or bolh of 
the crileria, The •·oluo< fot 11>e fJ"• '" c"kulal<d were 

(J,-1.0 (1,•1.0 (J,-.74 

~~ nre lnl~'l'm<d ~• indk:olin¡: thal bo.>lh Aclh'ily 1 und 
A<livity 2 'were ILdcqualc to mocl lho """' doLII:InJ, pul 10 

thcm. Aclioj¡y J, OOwevcr; "'"" foond IU be iD'IIfficienl 10 
.,,¡,ry tloe requircmenh of uocr d~I>C> 1 and J. Thc 
m<>oJif<cali!ln indicated ;, IL> roducc lhe pre .. ntoulc of ""'"' 
for Aclivioy 3 hy DI lca<l '11 ia on:l~r lo "'lidy !he ner 
¡:oa!,, in p.lMicUiar, •he fi~ u><t ctau ~. • , ... 

The detormÍ"'Ilinn of whclhor lo .. ..., lhe do•i;n loop by . 
nccoptin¡: thi1 petfO<lll.lnCe or lO cuntinuc by modifyin~ lhe · ,·. 
uiotin¡: modoJ is m;oie ia SI""' 3. Glvea tht: otalcd ¡:o:.J/ •.·:· 
pcn.:>lly Sltucture, Íl Wa< ótiWm<d thllt the over•D<hÍeve­
menl of USER, goal ,...,, m "" umoccep!able le.,cl und 1he 
deoi;n ptoceu muot <""linue ii' pos.,ible. By enm'onin¡ 11>e• 
qucuein¡IUid oerviee I.ÍIIII' >lali•lics f<>< lhe flnl ilel"lltlon. 
one can elimill'Ltc "'"'" uf the mL>dillca!lun po••ihilili<>. 
The re•ull of St;o¡:c 3 un.lly•i• "'"" ~ dcchloa to repJ-.occ tbe ' 
fDM 2Jl4 IYP< devic:e witlo a f:uter ocw:. i.e., ~~~ IBM 3330 
lypc devicc. 

Thc ori&in;ol m<>oJ<I uf lhi> e~;omp!e •y•tem wa• Jy~~:~mi­
cally altered to I"L:flecl !hl> modif'IC"dl;.,O, Under lbe ......., 
loadinc as hd'<>re, lho fol!owin; ptrform.on.:e .~,tüuco were 
aocumu~otcd. 

, 
Q,(l)• o.o Q,(l)• 0.4 ·- Q,m-· u • 
S,O)•Il.'J S,( 1)•11.3 S,[!)·~ 
R~ll-1!.9 R,ll)•ll.7 R,tJJ•31.4 ···.\ .. ,, . ,., 
Q~!l• 3.1 . Q~ll• tl.O Q,ll)- o.o ' . .h ........ 
S,(1) .. 11.1 S,c.J)•I!.O S,(3} .. 29.1 ·~·' 
R,!l)•'f.i.9 R~lJ•ill R~3)•29.1 

.. ;;,;, 
' ' ... ·.~ <· 

·'":;·:. 
~ ' ' 
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Nalk>nol Compu!cr Contcrcnee, rm 

SI:OSC 2 unary,.;, ohowcd lho1 now "nll 1hn:c u~r dan 
~oab w<rc .,,1Miod (l.e., nc1 ovor-:ochi~vc~). The calcufa. 
1lcn O(~ fl">, ho"""ver. il"lllic•1od 111:11 ""hilo ACilYillcs 1 
and 2 wcrc >1ill odcquatc ¡JJ,•IJ1•1.11). Aclivilr l DOW lmd 
1he pooolbi~1y of ••••" cap;>eíty 1/J, .. ~.O). Althousfl a 
•lowcr und prot.ohly le•• upcn<ivc devicc r,. Acrivily l 
wuuld he mure opprupri:otc, """ liad fPUnd in thc r~n~ 
ltcr~íwn lh:ot •uch "dcvk< Wa< not ;,Me lo r..11i>fy ~lllbe 
""'' ~o;ol>. Tlocrdurc. in fulurc Ílcr.otí<>n<. Sta;e ·3 proc~ 
dure> h;od lo c>aminc more 1ubt!c mdhods of lm"""'in¡ 
pc<f""""ncc. 

CONCLUSION 

M<>dcrn tnronnation oy<lcmo do 1101 <>i<l "' cntllico unlo 
1b<m,elvco, bu! mu'l inlcr¡oc¡ whh thcir cnvimnmcnt. i.c., 
¡beir """"· Thc lo.1din¡! ond mi> cC lile ""'" dfCCI !be 
pc<fonnancc or ohc •r•t<m ~rces and Ll:cwi..,. lbc 
ocrvicc char:octcriqic:1 of lhe •Y•Icm n:oourccs cfl"c<"t the 
'l!li,f:.o:liOii or.u ... r ~<><~1<. In ordcr to dc>l~n •uch •Y•Icm<, 
onc muu .,.¡;,(y 1 lori'C <el cC ""'n; dciii;IIIÚon; 1 contllclin¡ 
.. , ot l"'<for=n~ ~""'' whilc "!"'r~ti"l[ within dllcicncr 
ur>d mínimum c"'t ccnotnointo. Thu<. p<'<form:oncc cvalua· 
1iun of infurmatk>n >y<tcm• ;, u mu!tiplc criterio pmblcm. 
Concurrcndy -.;¡¡j,fyinM bolh of lh<>< ><U of critoria is 1hc 
#;""~ o( thh mcth<ldnlorf. Cur,.,nt ~~~~il:ohlc tcchniqu.es, 
h<>Y.evcr. oniY add••." uno <ido of thc protl<m, clthcr lhe 
u>cr or the •}"slcm. The mcrh<ldolorY ~c<eribcd in Ibis 
p.oper c•t~loii-IK• a r~rm:..l Jiai....,n l>otwccn thc c\'1\lu:¡tion ol 
u""r ~a.~l• ;« ~ functiun of •Y•tom l>oh:lviw nnd thc IIMiysis 
ol 'Y•Icm re"<'Urcc pe<fillmun« "' ~ function. el u...,r 
cL!m:ond. lhcrcl>y, r.,oilit:otin~ multi·critcri~ cv~Ju~tloa. 

n.. ""''lludol.,¡:y i> i1cr.uivc. rompri•illll lhlft SCI"'ratc 
hut inle~Mcd >la~c•. Thc fin¡ •topo mr>doi> nnd evaluotcs 
•YM<m hchavinr. Thc parlicul.rlcchniquc cmployod Jn lhe 
fjr.1 .e;o¡:c ¡, IPSS ~nd it ;, 11bk to ool~t the ,..,cc•o:uy 
.t.:oli>tic. R~i). Tht ..,con.i >!"!<< cv:o)u.otcl tbc "'""' b<l<ed 
crilcria :ol>ll pruvidc• cv"luati•c in;i~ht into pcofurmancc 
impro•cment. Soluliun of the MGP (,.rmul:nio.o in "[CJ 
ptu<luc., ~ >CI of /fo. \he vari:obb ot St:>gc 2 whicb 
in<lic-•t• ;.,mcknde< and!Pr •••••....,. in tho cu=nt modcl. 
And linally. lho third •t"ll" hourhtkally determine• tbc 
~urrcnt mlldd"• :occcpt:obility and n.:<;ol f<>r mu<lilicalk>ns. 

Tioc cvalu:olivc 1"\><Nuro-. devck>pod fP1" thb mclhr>d"'­
•'I!Y have l>ocn .¡,.,wn 1<> he valkl in pnocti~. Fnrthcrmorc. 
1hi• mclhoo.llli"~Y pmvidcs an ••collcnl h."i' for cuntinuod 

.n:<C..roh intu """'"' woh "'' 

a. in•.,.,IÍI""i"n .inlu the c;ouo;:l n:t.otiun,hip> hctwc011 
mcr <ko>.md ,.nJ >y<l<m u.:tlvity, 

1>. >en<ilivily analysi< .,r !"""" ••·~o1k..,•hlp•. 
c. in<"C>lil"lli"n int.• ,,.¡¡,,¡,[e hC<•ri•tic< f<>r St:ll<C .1. dthcr 

IC>1in~ ••i•timt hcuri•lic• m ~cv~lormcnt 11f new 
une<.und 

~- <kvek•p.....,n1 ,,f hc~tri,tic/111\><lifkatinn roles 10 clo.:C 
thc dc-.,j~n lwp int" ~n ~UI"""'tk ,..)f.m•><l"oryin; proc· .... 

" . ' • 
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ABSTRACf 

In Lhl1 J"'l"'f' a ni~ ccnuln npcm ul ~ I'IIW~rílll O..tu Raoc 
Srstc111 colled SPARCOM, q rrllt.:tcd hy wmc IPplil..,.. 
llon1 In 1 crime~ombatlnl tnYin>nmtnl "~'~ p~untcd. 
SI'ARCOM owndo for Spnru A.,....:lnci'l Relutl1111111 Cun· 
n.IJon ~hl/ia, lt 11 • mothod thul "'D• llc~ll•'f'td (1>1' U.. 
allll)'lh, lntcrrrctntlon. DIJunlutlun. ~~~·ollloMion, u,Wtt. 
ud otructure "' •hlr•'<l ~11111 ~~ woll no fgr the ocun:h un~ 
ntriiYII cf lnf•>rnuo¡lun lhlm luri-~ J;olu hu'" ILDBI •t .. 
tcml. Thl unlquc IIPJ>N;otb cr LhJ, •I'•Lcrnl• thc convcBJgn 
of Uta In lo l11r;:c •rarlc biruuy m;llri<to th.\t cn .. bJ., une h> 
Dpply oo;>pb11ticutod •puru mnui\ tcchnlquto to pcrl'.,..m 
doll base opcn~tillno, The opcnuion. ore po:rtorii\Cd on thti 
matrku u thou¡.h thc cntll'l mlltri' \fl•crr prrunt, but ~rtnt 
lmDVnlo of IIDmJIC opuct nl'l! 1n~lld. und u~eutlon tlmt 11 
111nln~utt~ rtdQe~d br th~ •tom~c tll\d lll:lnlpulaUon 1!f tlwl 
110n~ro nlun onl~. ~~dldonal rcduttlun In ILOI'Ife ,. 
~¡ull'l!rMnll ond In u~~utlun 111M Jo ~(hiovtd br SPAR· 

• COM'1 'lntrlniJ( nurmnllzntlon prut:nl th:Lt alleYI.otts 1M 
, .. Ye problcm of d1ta redundan<:~. nuud by multl•YQ!w 
aurlbutn. ' · 

'INTRODIJCTJON 

At t~t currcnt •tat~·of·the·on, [)qta Bu11 •roten~• lte niiJ 
kr;ct~ th• mult of ln~onl1111o aaoQuJ iuld lltlen bd•trd 
1ttcntlun tu hun~•n r~~1or1, u ..... nccdo. oys¡cm ccinn~uru. 
11Dn1 and prognommlnJ prol>lemo,Tbt mflho<h uoed In Lht 
··Yolopmont ••d ~e•lrn of ouoh 1~o1emo ,,. ~lltntlllttr 
lriDJ.ond...,mor. Nv c~l~onoc lo lO be f1111nd In Lh~ te.:hnó:ul 

:n~turc, deiCrlhlna uioUns •Y•t•m•, 10 lndlontt thotlho 
•~clopmont wao h; .. od on o r.ound ooiMtltlc: roundotlllll ur 
eta 'well c•tobli•Md tnJinoorln; dloolpfon ... OcMrully 
.,.eukl~. no unll">"lng ount~pl. loMrulthtc>l)', nr oommun 
Q'lltmado appl"<>ll~h 1• "' yct •~Id~ ni In wutt In thtnold vr 

•,.., ""'* ·~· •ri'IM •• ..., "'.._ .,...,,,.,,.,,,~¡,_..., ,, ,..., .., 
llt ,..,....,, ,.,..,.., lo lho Oio>< .... lun 1>)' R. A•"""•· $/'AH("OU: A 

"u 1/ollf/t A•~•·Wtlo~ /fr¡,¡,HW ,~,.....,~ .,11)....,;,· fi.M. ,,_,_ 
... -..~- •• ......., ................. , .... ,<>f ... l'l>lrL••,,~, ... ~ ... 
.t """ Yoñ lo ....w '"''"- 111 "'' ""'""""'"'' ''"' "" 4.-or .. t1 ......,. of l'lltt.o...,br !~lmrio.tt¡,lln..n.,l Jo"' mt. 

"' 

' . ' 

dot~ ha•r l«hnlllo'll)'. Cln~ "' lh~ m:¡jnr '''nnihutln~ r.,~,., ..... 
tu 1h~ hnphntunJ urr''"'•'h l• tlw l;od ,,r ~i•tin•·tio>n. <lurl.n8 
thc ~~~clopm.:nt l'lta•c•. NL\IIWh Jllo¡·.!c:.J ;on.J h>¡ll~al Wll­
,ld~ratlono. :. \ Bororc rontomrlutl~~¡~th~ <lcwlurm~nt '"'d d, .. t,n ur un~ 
·~~~~m. ID uprn•rrlutr ~"""'"'1""' l't.om("' lll1t mu-e toe 
IILINI•hcd. 1'u Und••....,n.J un.J C<>mmunkiiiC thr ~unocrt• 
,,r ou~h a J'r~rno\\url ~~nuln '<loMnlli""' mu•t N p.l•1ukn1'd, 
S11111<1 nr thc ~~nnitl""' uN ,..c,·l,.., ''"~ 1\:n·c Non ""'"¡... 
llohtd un rl~~'""' ""'th,•m:llkol ''"'"~·''~'"'· <~lh~,.. ~N "'u 
~ntric notuN \ond •till •>lh<"n ll;o~e h,.•,•n c•lahlllhcd h' 
pnLYide u oumm"n ~'"e ,,r rcfen•nc~. In Hi• ncw n~ld u( 
d:un ha.c t.,·hn..l,'l')'. thc~ lo nu c>IJ<...:t ut ''" r.•l•ti"'t 
eomlftOnly \o;rtll'll n>•m•·no:loturc. Man¡ tmn~.lntnllluccd In 
thlo pape'r ""' nc.,·. uthcl'll "'·el'l! '"'•'PI~d J'rum dlrrcn:nt 

• 

BASIC CONCI:::PTS ANO DE~lNIT!ONS 

. ¡ :·: 
Tbc ditital<'llmp1110r oon11111 dcul wl!h pltr•leol uh]c.:L•••','·· 

ortknl lma~oJ, onnl• '" ¡oh•lnool cuno:crt• dln:ctly. A oh,tu ' 
mWcl ur thc: phy,lo:al \IIUrld 111' ul' tM MhlllliOI cn...:rpt• 
whkh ou toe n.lly manlpulat•'ll mu•t hrr ~un>truotod (oAI. 
Tbe 0.0111 M"J•·IIDMJ l• th~ Jnr.,.mutlun cuntent ur th~ 
datn Mu Ul lt ¡, ~1.'\\·,..r hy tilo- u<e"'· Fot uumplr. • 
R~1ul;u ll.11 Orpnl1utlt1n ¡110111 1~ Dn lltflr.y rurrn ao 
llluotr~~tod h~ th~ orimln11l ti!~ In Fl~ul'll l, Jo •n o~eopt 1'1l 
f'orm a( "'P'to•ntln# <l•tu: lh~N(UN, Jt Jo U d~bl moolcl, 

A coll«llun 111' rn"'''""'"k datu rrum "hk:h un ~"'"rrri"' 
nn dcriw lnfurmatlun ¡, <'loll"" u /),¡111 B•l6~. ~ f!<~/,.-.: 
dcpnnmcnt. G hu•ritOLI. u ~uun ur ju,tkr,·u unin•..,lty, 'a 
h:ink or 1\ny l~fii"·«Uk u<lnlinl•tMI~•. •dcndrk, ¡,-.:hnkul. 
(ommcrti:>l "' •llhcr t¡·p.~ ur """mtl<>r< l• cul!nl un t:~'~" 
prlu. ~n 11(111 ur lnt~r.·>l tio un 1•nt~1priw uko>ut "hl,•h d~l•· 
ore rc,..,nJtd ur ••mrut«< ¡, ull~d un f.t~(IL.r. • ' In ll!IY ~""a fnterprl..:. tlk•n: may ed•1 .rur~rcntiH"" .. r 
entltleo, a criml,..,r, a det,-_:tive. u kollet'• •l~u "'· u ,.,, • u 
nrc:~~m, • erlmr, a ronruii. u •~N"· el(. ~:ntlt!"~.·~re 
klcntilird rla lhcir LLIIril'luL""· An Af/rli>Nir ;,'e" op¡.'<.illo. 
dooo otlnfo>rlllatlun uko>ut un cnllty; o:och ontÍIY h~• DI k.o•r '' 
onc Dnrfbutt. n •• ,,.,., ur rholr "'·Ido und rroquent "'"~~-¡, '· 
numhc:r or allrihuJts ha va horn Jivon ""'""' ouoh Dl; :A,., . . " ,• . ' 

-~::.~.·. 
' ·~-:;_..,-

. . 
·• ' ::· 
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' ' 1 
1 

1 
• 

• 

1 '·-· 
2 Clnude Rape • N.Y.C. M Grecn . ' 

Arm. Rob. 

·3 Robert Hijack . D Houston M Hazel "' ~ 
' Nancy !lomicide A Blue English 

S In9mar Rape. D Oetroit M· Blue 
Hur<l.er 

~·4-~4---~-+---4--~-+~ 
6 Roberto Z..lurder A Chicago M, Black Enqllsh · 

f--+-----1-l\::_. ___ +--+-_;_--+~-if---+Ital~ 
Hijuck l_'JL'~'•~r~c~e~l-1~K~i~d~o:•~•~·-l~c-l-"-·~y~,-C~, ~J-~M~1-G~r_•_•~"j_F~r~'~"i'~'lL¡· 

' Johannll- Drug ~;:~~'1 
Arm •• F 

E F'-, Groon 

Xidnap. B Detroit. M Dlue English' ¡:<, 

~-"~-------·+-'-'o_m~i-<~1-do--~---}--------~----f-----f~-Gor~:~ 1:>. 
• 

lO Tom orug e L.A. M Hazol 
Arm: Rob. ~ 

• (Cril!'c Locatlon) 

S.r"'l)'. l'<>l<lr. Se•. IV~i¡¡ht. ~le. Thcr.: l• a clcnr di•tinctlun 
t..1" '"'" lbo .~mll>urr Mmr,. und Aur/htJto• V~tlur. An onllly 
~>:~m..'<l wr ha> ~n 11Hril>ut~ namcd ,.,h.,., tilo ~;d.,. ot u .. 
=nrihutc ;, Mur·. Th~ "'dorcd p.ir Attri~ulo-Vulue Í> cllll«l 
~ ¡>,,,,..,,_, .. A cnllc<IÍIHI nf onlilic• do...,ril>cd hy •imitlr 
uurihut.-. ¡, ""llc<l ;~n f.:/1/it_•··Srr. Ir ~n auribu!~ "'""""'" 1 
11nkru<' nlu" (,>r ~;ocll "nlily in an <ntily ""'· ir ¡, c~l!cJ ua 
/J,•nti/ri,~··A.Ilrih<ll~. An cnlily ""'Y lr.ov~ •~•crnl iJcntll)r· 
In~ nurihur,-.; C.J .. Full Namc. S...:ial ~curiljl Num~r. 
Emsol.,ycc Numhcr. l'ri><>n<:r Num~r. cte. Thc vulun ..r 

.. 

IJ"nrit~l"ll anrit>uro:s •~ ,..,neJ IJ<-nll/k,.. Anriburo:s·: 
"'huw ~•luro Un he C'llkUI~Icd a~ tal~..'<! Vln<lff/ Allri­
l>mrs, •u<h a. Al!<': .uNm<lill¡! frum rhe cumonr Ycnr, rhii: \. 

. }<;Ir ot hinh rhe !0$>1 vnlue l• Jercrm!ncd. ·. , .; < .'~ . 
In 11>< rejlular d;,1<1 01pnizark>n uf the cñmirul. file,'· 

inu•lmlcd in Fi~ure l. ~a.:h ruw in rl>< arr.oy t.o:toa;l ro-.­
•po••irfc ,·nriry, f.',.f:, .... • E •• E;oeh co>lumn hclunp ro a 
IJI•.'cir..:' "{lribulc; A,.A,,- ••• .A,. E:uoh ckm<nt or thc · 
arr~y ¡, ••""-'iatcd ,.-;Lh ~ opccifrc cntiLy E, onda opÓcillc 
uurihurc A, an~ rcprcscnlo a op.:cilic valuc V~ wl«l<d rrom .. . .. 

'· • 
1· '. ¡: 



' 

~ (inilc 1<1 o( V;ll,¡<1 pc:rlainin8 lo allribulc Al' Tho .. 1 ol 
nluc1 pc:n;olnin,. lo \lllribul~ A, h call<'ll th< !klm.'1in D~ 

. " Th< dom.,Jn ur ~nrihu1c <e~ <•>ni~Ín< only '""O d~ln<tliO 
1~1.1'1; lhc dom.>in of aurihulc •Y'" (mc:min~ oye culot) 
~""l~ins liv< olomonl• lblack. ~1...,. ~'""""· rrcen. h.ucll: 
dw dom:.in <>( a!lri~u1e lan¡:Ual"' ;, much Ll.~r; il <<~nlain• 
~n bn¡:ua~e> •p.•hn in lh~ .. -,u!J. A d""lin•·li<>n 'h<>ul~ b< 
m;odc: t>.,t"ocn _,jn¡:lc-V;oluo nlltiOOto; ;md noulli-valuc Ullri· 

' huiCi. An onlity oun P.""'" unly un.: <lc..,.,nl ffflm lile 
,l.ln\:lin uf u ~in~-1~·•·"1"~ ;ollributo. hui il "·'" P""""' nnc: or 
m11rc elcmonl• (H>In lhc ~"m"in .,f u m.,¡,¡.,"/"' ullril>mc. 
S.• and ey<> "'" >Ín~h:-•aluc ~tlrihul"": lall¡!ll".l¡!C i< ~ 
multi-valuc •llril"o.ltc. Thc mullí-v;,luc allril"o.lle-< """'" •<ri· 
nu• problcm• in <umc c~i,tln~ arr"'·••h•• for "'""'hin¡: aoo 
...,trlcvin¡: ~~tao-o bul·. lhcy """'"no p<Ubkm .......,_,..., .. .,,in 
SPARCOM. 

Tl>c or~crcd ldplc IE1 .~1 .Vul rcpt<"""" ;on rlrm¡•lll<lf")' 

"""' ¡,,m \\"hich Íl ¡he minimum amounl uf dal.l r<qu.ired 
fot mcanln:ful ínform.11ion. The u:dcr«l p:~ir (A1. I'.J ¡ep­
m~nu 1he p<Up<ny Pu. Con.<equ<nlly. lh< ordcred pair 
¡E,.P.J reprcscnt• ~n clemcnt~ry dala itcm. lel"s il!u\IDI< 
1be ~~~eanint of thc mínimum """'""t of dat.l ttquired for 
....,nnin~fuJ infnrmation: the entity Jubn by h•clf dces nol 
...,p..,sonl meanin&ful info>rmali<>n. th< prupcny Eyos Dluc 
dou n.u1 roprcscnl bl" it<elf meanin¡¡ful informotiun. hullhe 
¡ripie John E)c> Oluc is me11n"o,PuJ ond pr<"<ise. 11 is an 
<lcmenmry data Ítem. Thc elcmcnt~ry data itcm IE1.A¡.V.J 
b olso \:nown as 1bc .ttvm of inform:uioo bttou<e it cannnl 
~ further d<eompoocd witboullo>Ín¡¡ ito meua¡e. 

ltiULTJ-DJMENS!ONAL AlTRJBUTE·SPACE MODEL 

An cntity no be rcpreocntcd as • poin1 in o mulol· 
dimcn,ional Eudi<)(an •pace by a vector. The si•·tup/e 
E11John.2J.5.10.180.M.BluoJ i1 a ~cctor n:preson1inc • 
point io a s.i•-dimcnsional >p$C and il cru¡ be int<t"pf<l<d as 
a pcrson pooscssina thc prcpcnies Nnmc•lobn. AB<•ll, 
Hd¡;hi·''ID .. Wci¡:hi·IBO. Su·M. Ey .. -(:olor-DJuc. 
l Thc notlonl of poinl, lino. and ~lanc from !he familiar 
threc-dlmonsional sp<ICC may be ¡;cnerolizod lo hi¡o;bcr dÍ· 
~nen>ional '""""'· ~nd c~tended ~•omctric inlc'l'«'r~~OIII 
fll alc<br.Uc n:l:otiun•hips may be JÍ"""· Startilll -..·ith • 
lhuc·dimen•iul\:ll •pace. an cntily oct con•istins of ··m"' 
plilic• ~an be envisioncd as • '"' ot poinl< with COIJ"f'" 

IPOfldin; cootdi..,,e-s d~cribcd by" ocl ol ordcrcd lripl .. 
.r,cv,..v,..v..r whore 1•1.2 •..• • m. Th• valuc• v,,v,.,v,. 
..-c <clccled frum lbe respective durnain~ uf auribule> 
A,.A,.A,. For cu!JIPI<. ¡he allribulos A ¡te. Hc\¡:ht. \Vcip¡ 
can n:prc«nl th.c re.pc:ctivc ortlw¡:on.al ~•"' ~- /1, JY. Thc 
... oct~nl of !he'~"'" Í> looun~e<l by lhc thr<c orl~unal 
,...,..; A¡:c•HcÍ~I. A¡:c·Wd~¡: :uod Hoi¡:hi-W<i&hl or 
All, A IV, 1/W • t<>P«tivcly. Thc triple• 

E0{0.0.0t. E,U.D.O); CM!O.l.OJ: E.{O.O,I) 

.,...,.m lbe Ori¡:l~ ond Un/1 point.. r<>r><Clivoly. To 
Rf''"'onl 1ho oforomontioncd pr<>pcnieo of 1hr fint f011r 
"tilico rNcn a •P«ific '"'· the ronowin¡: foor 1ripln • .., 

' 

nc<:dcd: 

E,l2.l~~-10.JSOI: J::.¡..l~~~-1 J .170]; 
1:.",}27 .6.0.!.2101: ¿·~ IY~~.OU.\01 

F~-.cb 1upl.! ..,rruonr. a VC"C1<lt rr .. m 1h< ;,.;¡>in lo D 'f'<'."ífoo 
p.>Ínl in op.-.ce. E:i<h puÍnl c-~n hc pn>jc..•l•"<l ~n uny nf thc 
threo urlhus:unal pl;onc•. Thc 3·111¡>1<> 

E~23.~.10.0¡; J::,m.O.ISOJ; t: ~O.J.IO.IROJ 

rcpre><~l lhc 1,,¡¡,.,.,¡,, of 11\o! r,,.., p.>int on lhe Al l. ~IV. 
~nd //IV plan<>. rc<¡>cotiw!y. n..r al><> ro~ 111<! 
p"'j<rll<'" .,r ;ony_ r1>inl• that may he fuund olun~ lb~ 
'"'l"'<liVc pcr{IOl1~ioular lin~• ¡hruu~h thc point• or pn>.icc· 
tion. Clcarly. any cnlily .. i!h pn>po:rtin Aro!) ond Hci¡1u 
S' lO"" rc&ordleu ufi1> Wci&hl "ill he J"lr<>i«lcd <>n lhc """'" 
poinl on lhe A/1 phme. 1bc ~i-.·u .. iun i< •imil;u- r,_,...thc 
mher ¡>J~s. Much in lhc >atn<: ""'"""' lh< ¡upl" 

E 1(23.0,Il): E,I0~~-10.01: E 1!0.0.180) · 

reprc1en1 U.. pr,Ucc¡óun o1 thc firll polnl o:t thc A. H. at>d 
IV uco. "''P<<Iivcly. Thcy al"' rc,...,.cnt lho proje<:llun of 
any l"'inl> that m"Y 1>(-'f<>und on lh< rc•peOiive pl:tllco llul.l 
nrc perpendicular to ;ho ro•po.-cti"" a>CI ond intct1.e<:l 1h<m 
ol lhc poin11 nf.~rojoctiun. Actuolly. th< triple E,ID.O.I80f 
rcpruonlo a pi•nc rar:Oid tu 1h~ Aff rlane fporpondio~l~r 
lo 1he IV a>i>l an~ intc,.,.ctin~ lho: 11" O\Í< al I&Q. The 1riplo 
t:,(23.0. 180) reprCSCnl• a fine fl'll":olld h> 1h< H a di lper¡oon­
dicular lo I~C ~ W pl.oncJ an~ inl<n."clin~ thC ~IV pl:tnc ot 
1hc poinl (ll.180l. · 

QUER!ES ANO SEARCHING HYPERPLANES 

Followins thc >•me line of re~•nning. il may be said rh.>t 
In a tht«-dimcnsiol\:ll •~'"<'•· a J..tup/e Ql v,. v,. V.> can be . 
int<rpr<tcd as o f!u~ry {an inle~~on. a qun1ion) od· 
dre-s .. d to 1hc ·dala m<>dcl. Thc roque-s\ olllu: qucry il 10 
,...,.,h oll cnlíliCI n:r><c•cnled by thc poitiiS lhal coincide 
wilh !he pc>ÚII opeciflcd by the eO<>ldinar .. of lbe query 
Vcc10r Q. This is dclincd as thc S~<1rcill11l Puinl QN~ry. 
Eaoh olll>c J..lup/o• QjO.V,.VJ; QIV,.O.VJ-, Q(V,,V,,O) 
rcprncnts • qucry vcch>r tluol n:q"'-"" tl>e scarch of arl 
cntiliCi reprcscntcd hy 1he poinli lh.:ol thcir pro)r<'lluN• 
ha ve lhe coordina le-s 1 V,. V J; 1 1'1• VJ; 1 V,. V J on 1hc ortho¡;­
otwl pl>ncs. 

Obvi<>uo]y. in lhc mulri-dimtn<ion.1) F-udldoan >pace; lbc . 
<nlltios ~nd qucri« are ll!prc..,nled by ord~rrJ N-tupla. 
Thc flve 1uplc QH',.V~V,.!',.VJ rcprncmo a oc:orchi .... 
poinl query in a flvc di""'n'iunal allribut< sp.occ. Thc tupl~• · 
Q¡V,.V,.O,V,.VJ ~oo Q¡I',.O.V,.O.I',) repr<>enl >Car<hing 
line< ~nd s<:ln:hÍn¡: planc qu~rico. ll!•P«•i•cly, "-hile !he 
tupl"" Q1 v,.O. v,.O.O) an~ f!ID,I',.D.O.O) rcpr..-.cnl l-na1 and 
~-fi;ll s,•,mhin~ 11¡-p.-rpJun~ quori.:• te>pcctivoly. . ' 

From lhio di...,uniun. Íl •hould he obi<Í<JUO lhot lh< ..-:lll!h 
is b.l...r on 1he conl<nl uf 1hc cnlitici";-r'dlh·¡r,h;¡it on lhcir 
ad~roo..,.. and thal 1ho cnlilic• lhol qu:alil"y are dc1cnni110d 
by lbc: usoci:oliun th:!1 uiot. bcl,..«a lhe propenics 
"""laiacd by lhe cn1itie-s and thooc opccili«< by lh< qucri.,.. 

< 

' 

----
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Tbe qucry ~e<: ton mu•l ba•e thc •~m~ dimonúon"liiY as 
thc cnlity veclon .. un:hod l>y U>cm. A.wll«"li<•n ot l. qucry 
•ccton is nllod a (J~rr, S~/ and i• rtprn<nlc~ by).n f><lf 
(.h1rry Marrl.t. Q,.•r¡• Cml!p/n/1)" [),•gr<r IQCDI i• dcllncd 
as thc numt..r of non-Joro olcm<nto'or<cified ia 1hc qucry 
vector, l'bc QCD •hould 1101 he confu..,d ~ ilh lht R"''or" 
C"mplr.tily ih-Iffr<' IRCDJ "hich ¡, dotormincd hy thc lypc 
und numbcr uf proponi.-.. opcrdl<ln ~nd "J'('r.lllono ~ 
quircd U> gel• cumple te rc;p.!n ... 'fhc, RCD .. m t.: dctlned 
in unuthcr """tion whcn thc mcanin~ "' typc of opcmturs 
11 nd typo of •'fK'noti<>n• ,..;n be bcucf undcnlood. To 
mu'"~l< thc mcanin¡! uf QCO: <he entity ...,, dofio.:d hy 11\e 
umihut._, A'c: Hci¡:ht: W<ighl io inlcrro~"lod by thc 
fullowin~ Lbr<:c requesto: 

Q,l21,0,0)-ldenlify all criminal• of "'C 21. 
Q,(J5 .S .JI ';0>--ldcnl'{y ull crlmlnuls uf ;¡¡:e HAND Hci¡hl 
3.11. 
Q,(l7.6.G1.2101-Idcntify ~n cr\mlnal> o( a¡ec 21 AND 
Hei,ht 6.02 AND Woi,ht 210. 
Q 1 i• a •impl~ 'I'""'Y QCD'" 1 •nd lt ,..quin:s t~ ourch ol 
only onc domai~. 
(!, is n co•nl'l~• que'}' QCD•l und it roq,;,.., tl>c .. ,.,eh 
of two domain•. rcrricvin~ ¡...., '"h"'l> und n:rrie•in¡ the 
<ub..-• tl;;,l rc•ulh friHn rhc ínum..-1/mr or thc prcvi<>u.ty 
rclri~vcd t"o ,ubscto. 
Q, ;, a cumpkl <¡ucl)' QCO•J. 1~ umc as for Q,. but 
with lhrcc dom:Uns.. 

Jf thc •~'!'•~-" i• lo ldcntify ull crimin:~• of •s• 21. u11J 
rctric..., thc n.omc> of oll crimirlllls "l>o live in thc umc· 
cllics a• tho"' o( lhc id<nriticd crimin;,t.. ""J •pcok Sp:lll· 
hh. thc rcqu<"l indccd stam .. ·ith a •imple que'}' ovcr onc 
dum:•in. hut. imhcdd<d in thc ccqunr ;~re cumple• qucric> 
tl;;,r rcquirc thc .can::h 11f :•dditiunal cntily •ct• ovcr difr••· 
cnl d<>mains; obviuusty. thc RCD •lwuld rcfl<ct1hC ricccs• 
'-'''1' inlct:tctions. 

Anolhcr IYP: of quCI)' kn<>wn by the namo of Rtmll' 
(.!•wn· •pccilics " mnge uf v:~lue• ovcr o dutn:~in rathcr tluln 
""" •pccitic v~r .... For uamplc. thc ,..qu;,11o idcmify o.JI 
Niminut, ""'"-ccn thc ;q;<- of ~ 1 ¡¡nd ~4. w~n thc n~c i• u 
di-.rorc 1)"1"' :lltrihuto wi1h ~ d""'"in of po..;livc inrc¡:cr 
numl>cn in incrctncnr• nf 001> r=. thoo qucsy Mo "" 
(JC0-4, l>cc:uo.., in thi• OM. the roquc.t h." lo l>c fnrmu· 
latcd ~· "'i~~nlify ull crimín;,h uf ll¡:< 21 OR 2~ OR ~1 VR 
:!•••. In rhl• d~ta mt><lcl, if thc~ ;, a"'""""' r olOR• in rhc 
1\."'IU""I· wb:tl ~PI>C~Il' lo he """ <¡U<!I)' ~;;,, uctu:~tly 10 be 
>f'lit int<' c¡•(r+ 1) qucr\cs. The fuur 1·1uplc• rcprc<cntin¡ 
trie "bo.>vc mcntin01>d rcque>1 an: 

~...r r,,.., •uh""L' ••l'•=ntin~ tlle l"lint• fuund on tbe rour 
P'""Jtd rlane> "ilt l>c rclr\cwd. Th< >U~<o.:l uhlaincd ~y 1bc 
'"""" ,.r lh~ rctric•cd '"~'ero will re""""' ni lhc rcq.,.,¡cd 
an•.,cr. 

A •imi1:11 •iluatiun wi!l ""'"' wh~n the ... ·quc•t Mal• with 
= ,,¡,;., . .,¡,... ~wibutc. F<" c.~mrte. """'"~"~ tb:tt thc 
cnti1y ""1 l>clun¡:o to a 4-0 tr • ..,r-dimcn..¡.,n .• !)·alllibule• 
OJ"Iacc. '11111 tl<c n:<IJC•l ;, lu id<ntify all criminal> whu opeak 

• 

En,ti•h AND Prcnch, 1hoo qucry wiD 11:1-.e ro be split into 

'""" 4-1uplcs 

Q ~O.O.O,E n;li•hl ~nd {?,IO.O,O.Prcn<:hl ,. 
bu11hc Ulboct rcp~ntiiiJ 1hc rc->ul1 "WlU be ohlaincd b)r·: 
thc inl~tx<'<"li<m o( rile J~·o •ubsclo. . · ·' 

lt ;, "¡o h<: empb .. tzcd tb:t1 lhoo ANO operaJor's U 

<'ppo,..d 10 tlw: OR opent<>n do 1101 rcqui~ lile •plitli"' o( 

thc qucry ""<PI whcn a mulri·•ulue tlllri~ulc h in•olvcd:. 
Thc rcqucÓ1 1<> idcnti(y all crimiMI• who •~ mate< AND, 
ha•• ~lut cyn AND ,peak En~l•h ANO Gtrman ad· 
d1c"cd ¡o a 3·0 cntiry .. r wiiJ l>c sari•lied by •Piitlin¡ 1hc 
qucry into (1<"0 3-tuple>: Le .• Q~M.Btuc.En¡¡llsh) al>d 
Q,tM.Biuc.Gmn:ln]. 1M oplil jo cauocd by lile/IN O ofthli 
multhatue attribute and 1he an•wcr io obtaintd by thc 
intcrsccdonofthc 1"0 re>pectiv~ •ubsctt. 

SEARCH DIFFICULTIES fN THE ROO M O DEL 

In the ROO modcl wbe~ numcrie al>d ~lphanumcllc 
~olu•• ~ppeor in thc umc """) it b vcry dlfr«:u!t.ro 
pcl1"orm ~ .. orch oimply by compalln¡ the corTCSpondina 
clcment• uf rhc entity vcctol"l al>d que'}' vccton. llle 
•c:.rch 1'""'"" c~n be ;rc;ll)y r~citiuuod by cnco~ing atl 
a1ph;•numoric value> into puro numc:ñc valueo. Por n.am­
plo. thc "''""' of thc <rime ounbure can be encodod so that" 
Murdcr '" 1. Rape: • 2. Homicidc '" J, nnd •o on; rhe 
••lucs o( 1hc cye>-color uuributc c*'l 1>e mcodod so rr.::.t 
Black•l. Blue•!, Dmwa'"l. G~en·~. and ia lhc umc 
m:~nncr fur :.11 auributcs with ulphanumcric vo.Jucs • 
· A"umc lhal c~ch cnüty ond c:.ch q""'l'• rcprescnt<d by 
numoric vccton only, are •uucturcd lato an m><n maui~ 
c~llcd E :tnd into "" { 1<~ motri~ <Ait<d Q, n:•pcctivcly. and 
th;tr lhe n. ouri~urc• are •ln~tl,...mlu' aJinbut .. tntfy . . To · 
pcl1"orm 1 uanh bccomt1 1 olm¡>lt lnsk. h "'quir"' dct..,..:'-' 
minio~ whcthcr rhe numbcr <>f idcnticat clcm•nrs. whclt . 
comparilljl corrcopo..Jint domen~< of"" cntil) •cct.,.. and 1 

"qucry vcct<><, is cqu:tl 10 the numll<:r of non·uro elcmcnu 
>¡>«ir.c-d in thc que'}' vcctur. ff lh~ un .. ·~r ú P<UIIf•~. 11 
i..Jic~t•• that thc ro>pcctive entity;. rcprc.onJtd by D point 
fnund 0<1 the ocarchi,.-: bypc.p:u><. Alp:bnoically, if E•[r,] 
~nd Q·[~.,] "~ rh~ twu malri~. and dcnotin¡¡ lhc comp:>r­
ison ol idcntico.J dciT)cnlo (~o"'r.~•l ond 1100-idcntical 
clcmcnt• ~~.,.~...>·O. tlle oho~c cu...rition Íl me! lf ~nd only 
if(ill) .. •. . ..• - ·-r lro•oJ·t. 

--· -·· ·-· . .. ,:...::..::· .. -
:.llclna thc tolnl numh<:r of "'"' clcmu\5 <peciliod in lhc l : 

·.qu<ry vc<ror.. . ;' :;.• 
- 1M rnt.>l •carch proce'" can !hcn:fo~ be ('!11"ormcd by a: 
a,·nrmli~<·J /111!.-r PmJu~• (GlPI hc1Wttll tn:~lrice< E a.O:l ';' ." 
Q. 1"1>< GIP pennir. tl>c ""' uf ""Y JraJir opcr~tnr r..,1wCcn·' 
C<'fii:•J><>nding dcmcnl5 <>f rwu rn;t1ri<e> whcrc 1hc uniY 
"""c"a'f cundition i•. a• u•uut: 1lla1 rt... t-.·u 111.1lricc• mu>l 
h<: r"<mfi"m"M' tthc numhcr" o>f columiiO o( IM lcrt morris 
mU•t hc cqu:~l •o rhe numhcr nf """" ot ¡¡,., IÍ¡:ht m~tri•l· 
T"" """'"!: m;.ay ucccpuhlc GIP ronns ¡in thc APl. 



• 

'. 

A+.><B;an~A+.•B 

Thc fir$1 form ¡, tM ~"'""'" m.1tri• pr<>duct, tbe lost form io 
the ·~ uwdtu-pcrfllrm the s.:;.,ch dc..:rihcd ;hove. 

By .. P<><I·multiplyin~·· tu•inJ thc GIP+.•I the cntity 
motrix E by thc t~J"'P"'" <lfthc quor}' matrh Q a'"'~"'"'" 
mMri• R of m><l dimon•iun• i• oNaincd. O.:ll<>tin~ l>y Q' 
tbc ll'llnsp<u.c ot Q 

• 
R•E+.•Q' r,.•}: ~~ ... ,.,.¡ mndr .. s¡, 

·-· 
"hcrc i•l.2 .•..• m j•t,l,, ,.,n L•\,2 .... ,/, Thc 
point rcprcoontin¡ cn<ity 1 ;, ft>Un~ nn thc <carchi"'l h¡·per­
planc dcftncd by qucty •O<:tM l iff , .... ,,. Ckarly, cado 

cohltlln or thc R ""''fÍ' «>nt;oin• thc ""'""' lo lhc rcoP.c· 
tlve ( qucric<. lf •~<r1 thc indicatinn i• that cntity i h.1s 
<IBIY r,. idcnlk;d prurcniu wi¡h thur.c <rcciflrd In thc 
qucry vector~- A<:c~>rdi~~~: u> thc uocr"• ~~«<~• cnlitits can 
be ~tricvcd for ony r., valuc. 

MULTI·DIMENSIONAL PROPERTY·SPACE MODEL 

To 1Uu51rnte th~ •tren¡lh uf 11>: mod~¡ devol~p<d ond 
des.:ri~d in lhi> ><:ction, a tpcci/ic r:10< mu<t be a""l¡'ud 
flrsl. In tbe KCii<>n lh<ll d=ril>n queri .. ol>d seo..,hill8 
bypcrplanes In the RDO model. the R3na< Qucry was 
diocuned. Tñis lo ono tYP< of ~ucry thal is mast frequenUy 
u .. d In Ka..chin¡: criminnl m .... A "'itnOn may deocribe a 
criminal in ohc followin~ ccrms: ABe bc1wccn 18 lo 24, 

· lioi¡:ht bctwecn 5.07 10 5.JI. Wci~hl ""'"·oen IJO to 190, 
Malo, Coucasi•n. Tñc '""'"' •pccirocJ for thc Ar:c. Hci~hl 
Ud Wei;ht allribulcs indica!< thollhcre 1> a ccnain /J~trer 
of Uncntoimy (DO U). A"umc 1h:o1 ·~· ;, •tored in incrc· 
mcnll of one ycar. lhc hci~hl in incumcnt• o( one inch lU'Id 
lll<: wci;bt in incrcmcnll of 10 lbs .. and 11>c OOU for c:u:h 
anribcuc is dcflncd as che numt..r uf nonuro v"lucs "·ithin 
!he respective •pcdflcd rnn¡:« t1rin11s onc. (Thc minu1 o~~~: 
~omc:o to indicate tbat at lusl olle v:tluc 11.u to be ai"•Y1 
~.peeirocd.) 

In lhc givcn uomplc, tho DOUs nre 6, 4 Ónd !, rco¡>ee· 
llvely, As exploinO!d previoudy, cxh ran;e cau..,1 tbe 
c¡ucry 10 be lplit. In thi1 ponicuL>r ""'"· 1hc qucry h:ts a 
QCD•7+5+l•IS: throreti<a!ly, ot reast 15 qucric< ""' 
aeedO!d lo rctricvc !he .. , of crimin:ol• tblll qu~lify, Thc 
roll<>wi~ proccn has 10 b.: in>oll"ll: rll Srruelurin; • .S.D 
Sllbs.:ltoma of ~~~ri~to• A~:t. Jlci~hr. \Voi~r. S<~. Racc: 
(2) Fonnul~!in~ lhrec 5-tupi<S (0.0.170.M,('oU<:.) (0.0, 
JEO,M.C~uc .) (O,O.I'JO.M ,Cauc.t: 01 Rctric>ina a •ub..:t o( 
tniiti<S obtain«J fmm tho uniun <>fthc tht<"< prev""',Jy 
~triovcd •ub..,u; (4) Scarcbin~ th< rotri~>cd oub<et by flvc" 
J.wplc:o or lhe form (O,V,.O.O.Ol """'" v,-,.01, 
J,CB, .• , .5.11; (j) Rotrinjn¡: a '"~""1 of ontitin ,¡,tal"""' 
frnm tbe unlon o( lho flve l'"''iou•l¡· retrinO!d •ul»o 1•: 16) 
learchin; che la•t «tricvcd >Ub>cl b¡· •••en l·luplc> of che 

·ro..n (V,.o.o.o.or .. ,,., v,•tB.t9, .•.• 24: m Ob~oini111 
!he •ubwt o/ encio;,. ob.u rt:P<...,nl thc ""'"""'· from !he 
..Udn of \be "'"ti! prcvlou•fY recrie~'"' >uh•cll. 

. ' 

• 

SPARCOLt O;uo; &w Co...:opto "' 
Tho "'""' re•ult """ t.. oht:tlnl"ll !oy f,..,.ulatin; ICI.5 ,S. 

tuplco qucric• (.<:•7H~>t3•105) uf lhe fumr (V,,V,,V,,t.l, 
('uuc.) uht;oin<d foum thc ('ano•i;tn pnl<luo:t V,>tV,>tV, 
... ~ ... v,pu9 .... ..:!4!; v,-t.'.07.5.osM .. .5.11! ud. 
V,•j(70.1EO.IIIIl!. T1>c lin;ol .ut>.cl 1h.11 roP<'I'lCnt• thc. 
""'""' ¡, 1>htBinod from th< un~>n ,r tho 10$ prcvi<IIJ>Iy 
rctri<v<cl •ul>o.o:c.. ' 

o.,, pite thc u~ uf ~um¡>lll<t:i •11<""' 1~ unlun. intt:nec­
tion ond ~~~ uth<r "JI<'r.lli.>n• ''"" t.: ca•ily ¡ooñnnncd on 
1,11·~· numh.:r uf wt•. th< ai'J'I'""'h ju•t d=ril>ctl for 
haO<IIi"# """ reqn•"t "''f'o."~" tu t.. '"" c""'plinrO!d, mure 
so ,..h,•n many ,imil~r "'"'''"!> h:tvc 1u he l:tliofil"ll Gvcr" 
•hon po:riud uf timo. Th•' ..,¡urit>n lo thls P<Oblcm, lo 
prohl~m• prcvioc,.J~ d<"<cril>lld onJ 1<> addit;,nal •trin;cnt' 
rcq~ircm~nt• i• foond in tl'lc muJ¡;.~imcnsÍtllt.:d pn>~ny· 
•P.1<"e molde!. rcpr,.<ntO!d by th< ~~t...,ded binory vttl<>fl 
al\d 1hc hinary conn,..;tiun malri<oll. 

THE ntNARY CUNNECTION MATRIX 

An ,.p anributc·<~ ronWni.., A,.A., .. , • .A. anrl­
butet, wilh thcir domain• o1 di•tinct clemcntl 
D,,P, .. , . .!J. of c;otdin;~lity J,.J, .. .. ,d •• rcispcelivcly, 
~an be: trano.fu......,¡ intu an N-di,..,n"""'=tl pmpcny IJI:OCC 
whcrc N• :t1., J, ropro.'SCnlO thc numbcr ul di.,inct propc,. 
ties r,.P,), .• • P,, "~"'"""Y to map any l">inl from tbe ,.p 
anribul,..sloa« inlo thc N-IJ pmpcn¡·.,p;o.:c. Obviously N 
il la~r' than ", ~lid ro r<ptno>~~t a poino In 1 mu!tS. 
dimensional Eu~lidc-~n •P•<~ rcquircs 11111ny more coordi· 
11111< ••••· lhus l~r vcctors. In thc propcny spa<e, 
buwcvcr. only two di>tincl puinll ui<t oncach uia: UIY> 

ond onr. and uch coordin~t• uia repreuntl a speciflc :' 
propcny. 

An ~ntlty oh:tt lo d=ribc:d in thc ann'buto-op.Kc bf'" .. 
li~-·~luc attribur .. : i.c .. by ;u, ,..ruplc. il de..,ribcd in: 
lhc P"'l"'fiY spaoo by n binary N·luple willt 11 "M va!uu 
And N-n zcro valu••· Th~ ""' v~Jucs ~"' inKfled in \be 
position• rcpn::ocnlln; thc ~ppli<-.d>le proportics. Sincc 1M 
carúln,:¡l numher of ~nnr..tc Sea i• two (M,f') ond thc 
cnrdinol numhcr of ~llribule Eycs ... olor 11 flve 
(Bia<k ,Hiu<.Drown.Gr•..,n.HnuU lhc cntitY ,.¡Ut propcni"' 1 

(M,Bluc): i.e .. Sea-M ~nd Ey«·BI~ ls rcprncnto:d by 1hc 
7·tuplc EJI .0.0,!.0.0.0). Th~ ~·IUplc 1< lr~nsfonno:d lnto a 7· 
tuplo wi1h •~u nonzcro clcmenr.. and lf lbe oin¡:!c vallle 
anribut<l wouhl h;¡yc r«P<"CiiVC ardinal a.imbers. say. 
d ,• JO ~nd J,• 11th< ~-tupl~ from tbe nuribute·<J1.1CC ....,..¡d 
be tr.~ns(,.....,cd in1o" ~2-lupl< in 1hc pn~pcny-•pacc. a¡:ain 
1 bin,1ry vector with '"""""""'o voluci Nt :!0 '"m v:t.IUCI. 
The.., vecton uf thc pmi"'MY·•pao:o itre o:allcd En~nd..J 
D/,ary V,·rwrs (F.BVJ anJ thcy nl'1! u•uolly vcry •plliH. 

A •el o( m cntitiOI wilt t.. d<•crillcd by a m><N hinary 
matri• ~:tllcd t~ Di""'Y c.,.~rc-ri"" Atarrix IBCMI. be· 
o:au..: i11 nonzcro ckmrnu indine• !ho! con...,ction that 
ui•t• bet,.ccn c~th ~nrity 11nd ils rc•rective llpplicahl< 
prllJI<'Mi.:•, it b more opcdfiCally callc;llh< s;,.ary r,,_,,. 
Mmri.T ¡BI'M). Qow imP<>rlaRI fcalure ol !>BV ¡,' lh>t sin¡:lc­
nluc attril>Úia and ntulli·Y;t!u~ attnOOcos an:: reprncnto:d 
by nne Md lhc "'"'"vector sulvin¡: thc ..,rious fl.'duO<Iancr 

\ 
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problom dcoeriho:d ptrvlauoly. Thc ~n auribulc•OJII>Ct (lhl 
namiNIUribulc 1• ~t>ll.!dcre<l t uniqua klcnrln.:'r) of tiMr 
~rimlnallilc rrum Fi¡:urr 1. I•Lfllno!OI"IIXIJ lato n.n prop. 
""Y·•pacc u• iDu•lmLN in Fli'IJrr 2. Th• ~•pondlna 
LlPM l• lnu>IMnl In F"tgurr l. O!wiC><~oly, in thlo murrh 
numerie ""d ;~lphanumerie vulun ~rr rrrn,.entcd In tiMr 
,_~me""'""'"'· <!ocre i• no non! f<>r ,pc-ri.,l enc<>dlna asln 
Ll1o RDO mt>dtl Oinoe the nontcru hil pooilion Implico ¡be 
vnlue, 

Thc malri• 1• vcry 'Pll"'" nftd rhi1l1 ancthi:r 1\dvonl.,. 
h<:cuuK Lb<: applieaLinn or "''Phlolialcd lf!ll,... m.11rio te<:l>­
nlquo• n<>l unly pruvld .. tho cnpaNIIly 10 ,,. •• In olorn¡c 
requlrrmcnl• lonly th """'""' clcmcnll are lh>rcdl but lt 
providco 11>e mean• Lo perf<Wfll vcry dTident Opcfllllono 011 
che '""tricc•lonly lht nnnzern clcmtnlo orr opero.Lod un) a 
lndlcutcd in Rerercnoo• 4 Lh=ah 7. 

AmDn; olhor a.dvonLa¡¡os !he bhwy matrii:CI """"'- onc lo 
uoe o,~¡J,..,~ Al¡:~h'" nii!Ofithml co ool~ <bL3 wc·prob­
km• IIICC Rcfcronc~• 8 nnd 91. la elimlnnlo lho dlmou!tl"" 
o( thc: mnae·query. ro I'Uihcr ''"~•Lil:ui1L1la. to dclcrm.inc 

• (C:i:.o t.o<:;otion) 

thl rrlallanohlpl nmonJ an cn~IY poh mnd mil ptoporty 
pal ... 1a """" pri•IIOf lUid 110a1rity al!d ll"Wir mon. 

Ju•t IC1<1kl"' al lile blrwy .... ub rJI Fl¡urr l, onc cu 
..::~n che fllWI aftd acc the applituble pruportln or uch aftd. 
overy enllly, bu! oe~nnlna the columno ciUibln onc "to 
deltrrmlM aU entl11n that h:l.ve aopec~ro: property. Thls 11 
1~ mo.t iml"'rtUnt fcoM"I uf\~ fn//y /~ow!rd /1/0J. whcte 
r,. cnch nnd ncl)' propon y. m 1111 ofcnlltln puue.,ln¡ Lhc • 
pr<1portY /1 m~lnLWned. Thcrdon:. Lhc I!CM In thl pro~···· 
CrtY·Ip:tec repnocnll bolh ·• d"tm:t n1c ~nd a runy in•ortcd 
lile oLtho t~me tilnl!, whlch Íl a ••IY oi¡ninoont (caluro, to 
be MIY taken ru!vanto¡t uf 1~ thl1 ln•tstlptlon. 

SEARCHJNO THE PROPERTY·SPACE 

Thc oeon:b la tbll modelll paformed much in ¡he t.amc 
!Mnncr · •• Lho oearctl lo tht aurlbul~lpnce modtl. Thc 
qucry •~Lar mu11 haV<l the "'mo dlmcn•lonnllty a Lhe 
c~tlty vccLor. 11 lnclicatn Lhc courdlnatn o( !ha proJ«tio!" 

·~--··' . ·•· ... 
. . . 

' . . 
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poino, on !he hyperpl~no defined by 1!1 nonzcto v"'""'.' 111111 
all entil)' poinu m u<~ hove in orJer lo quality. O.,notin¡ '"" 
1n><N enlily "'"'ti~ by E aDd '"" 1 ~N query m:~lril by Q. 
lile ocvth P""'"" is perfonnod n¡~.,in by 1 ~enendlred 
~nnc:r produet IGIPJ be'lwoen lhe E•kul m.:uri• and 1he 
tnon•pose cllhe Q•(q,.] m:olri• ll;omcd Q'. By post mulli· 
plyln¡ E by Q' 1he ,.,xt reoponoc m~tri• R•[r .. J ¡, ol>­
t.-lned. Thio time, howevcr, a regular matri~ mulliplicotinn 
lo perfnrm<><l. becau~ !he """"'" critcrion ~uiro• dclcr· 
minirq: !be number ot corroopo<llli"'l """'""' "'•""'"'" 
botwecn tbe cntity .-•:tor nnd thc (¡ucl')' >cctor li.c .. thc 
number of idcnticol prapcnics specilkd in thc '""' vccton) 
and. for birwy vecton 

~.xq.,•l iiT •u• r and q.,•l; 

for nthcrcases r., •q.,•O 

R•E+.><Q' 

' .... r •·><q.­, .. 
' ~~-rq .. 

'" 
Thc numhcr ni nanzcro valuc11pcdf1Cd in R •cctar b caÍkd 
lbc k' ti¡: A/ qf /h .. VUit,., !he "Cid!! <JI Yccl<>r Q. i1 r .. 'tM . 
molricei in f'irure • illuw•uc thc oca..,hin¡: procen. 

Thc N~¡:rlli"n Qt"'l)' ls onuthcr dTkknt rorm af file 
H'ltchlng, Rllthcr !han •pcdf¡·Jnc in thc: qucry tilo prapcr­
lic;s tila! Rn cntity mu>t bovc, thc '"'' •olues in thc qucry 
lndicate thc propcnic• that thc ontilico mu•l ""' havo. Fot 
•••mplc. thc bijaeker do .. not spuk En;lish, FfC!IC!t and 
G!rman. By poOl "muhiplyin•" E by Q' uoirq: 1 OIP form 

R•E+.<:Q' which 11 

' ••. r cc.<q,J ,,.,.,. ,., 
Tlr .. RtmJ[t Qu<'l)'. le! aUrihutc Aet boYe ,.j1 dioliiiCI 

nluco; :!fUI .... ,2!1 ond auributc IVd¡:ht. fwr di•tiiiCI 
nh•n: 160.170.180.190. In thc propcf1Y·•P"Ce the 
Ase, Wci¡:ht uUribu\0$ fur m cntitics an: r.-pr~~~led by "!' 

• 
SPARCOM nata 11- C<>n<~~~~ 5~~ . 

10-D hinary •octors r~prc-o.:lltq !be rnpcctivc pn~p>ny 
PCI"itiono 

P uo.lJ .n..u.1~.~.161J. J70.1110.J901 
c,t o. o. 1. o. o. o. o. 1. o. o1 
{,1,( o, 1, l. J, 1, o. o, J. l. J) 

lM E, cnlily ·~~~~" "'""'"""''' ~ ~riminal uf A~,..:!! an.l 
\\'ci~ht·l70. all <~hor lm- JJ ""'"r , . ..,.~,,... tuv~ In» "''"' 
roru v:ol~~e> at ditfc"'nl P<>-.iliUn•. Th,; (11 qucry •och,.. 
rcpr~•••t• !he "'"~" Qll<'•Y fo>r tho idcnlifocatlun uf all 
crimin;ol• ,>( ~1'<' l•m•••n ~1 tu ~4 and "'ti¡:ht 170 h> 1110. lly 
po.»t mu[(iplyirq: o he mx 10 cnoj¡¡· maori> ~¡·lhc tr~"'"''"" or 

the Q, qu•ry """'"'· ;on mx 1 11, ""'"""'"' ••"''"' i• ub­
l~ined. Tho cl<:mont• 11,,: /•J~ .... .m uf !he rnpon..,' 
vcch>r hove valu..,. uf O, 1, ur ~- C'loarly. only entitíc'• 
a.ooci;otcd with R.,•~ qualify, 111.11 /111 •~ is obviuus. As 
KCn in lhi•P"•Mkular Ca>O.!h.! wo~l uflhe qUel}' •«!Ot 
lo 10 "'7 1&"<1 ,,.,.2. the "'"'"" io ""lfnpl•natory. 

niuo, this io !he •implc an.l ¿.,¡;:onl ..,lution to thc \ 
Complicn¡cd r;on¡¡o-qucry problom J'U!IUial•-d ul !he t.,¡;,_ 
nln1 uf • funner oecllon. lnotc;od of U qucrico und the 
necc•sa:y >Ot..,pennóm>, or inotcad of the IQj qucri" wlth 
th.!lr ..,¡.,,pcration. onc and wdy une qucry vector wlth • 
wci~hl '•'" 17 wiJI prlllluce a "''"''""" •«h>r with ckD>enb 
,,..,,, ~nd 1111 !be cntíli"' ,.¡¡h ,,. •. 1 .,¡¡¡ qualil)-, Thlo is 
illu>!r..tcd in Fi~urc $, .. ·bc:rr • number of mngc-qucrico 
•••"'hcd oimulú•n•"<>">ly ¡h~ cnüt¡· •<t. 
Th~ O{I•Quo']. In lhe ROO mockl the OR openotar 

.t .... ys __ dou~oe~ a splil o( tlw qucry, in !he BPM modcl il 
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dopo:nd• M th< furrn <>f lbc roquo>l. Tu l.Jontify :oll orimin:tl• 
uf~~ 17, h<i~l .'!'lO" and bluo 1>1 ~rcon or h:.zol ·~•• 
rcqui~• lhc fufmulaliun of une query voci<>J, uf woi~hl 
1,•~; lhc cntitiu 1ha1 q~alif~ llave u r,.•). Thc """"' 
ra¡uo>l. unly lbh IÍ""' fur crimin.:ok uf a¡!C ~7 or :!11 lit ~9. 
"il1 r.:quiro :o~:oin <1nc quory uf 1111: '"'1'" Jimcn•Íu"'olíty 
,. ilh " 1, •7 ~nd r.,• l. -'wcol1y. th.:,., OH quori..., ""' r-.on;o 
~UCrift, llu(, if lho 10'111<>1 Í> BMC n. boi~hl .I'IO".und biUO 
'" ¡,troon cy¡o.,. "' :o¡,t~ !8. hoi~hl !'10" ,.DJ ~~~ ur h•zd 

.c)·c•. ur "~"' ~. hci~hl ~·lO" ~nJ Nuo urluzol c~O"<,liu'« 

"'qllftl ,.m qualify for lbc finl nl>d lhird ,..,quom.ln Tht. 
prupony.,pace, m onlillrs can be r<:pl'l!oonled by m . ..,b. 
<choma lhal oontaino al! lbc propon in. •pedtlt:d in 11>< lhrec: _ 
roq~• hy "'· 1·D ton.:lt}' ve<;lon rep<non1ing Tbe ..,.pe¿, 
IÍv< pmpony pu>ílions uo.,ialod wilh onch enti¡y, Ea~h 
~nd c•ory cnlily can h.ove • m.nimum d lhn:o nonuro 
val...,., becau•e "'"· Hoi;l11 gnd Eyn Color are llllde­
v:olue aurihut ... 

.. ,..,.,,,~ qucri..'> ;,n, n-qulr.:d. . 
ll<notin~ an,.;~.,t~· -'~c. Hd~hl '"'d IO~c• Col,.. by A, H 

and (', rc,p.:ctiw1y. •nJ u,J"ll "''Ílchi~ lhcury nut~ti<ln, 
'"" lh!cc 1'<'</Uo."l' c;on 1>o f•>nnuf.ol•"' ~· 

·-·· 

•f'V, ,.Al.AI.II¡.CJ.CI.CJ 
F.1ll. U, O, , O, O, 111 
Q,(l, o. o, l. l. 1, 1 
Q,O. 1. 1. l. 1. 1, 1) 
(!,11, o. o. 1, 1, 1, 0) 
lfA· r, o. 1, o, 1, r¡ 
Q,¡O, o, 1, 1, 1, o, J 

' 

Íll A,ll,¡e,~C,+C,) 
•A 11/,C, • A,Jf,e, * A,ll ,C ,-l lripk. 

1~1 1.4, +A, +.~,III,(C1 +C1 +e,) 
• A ,lf, C, t ,t,ll,e, + ..• + A,ll,e,-9 triple• 

0 1 A ,11 ,({' 1 t C'1)+ A,ff,l('1 + CJ+A111,JC, +e J 

11;. opp:>ten(. huwevcr, llwl whik !he (?1 quory •~IOf 
dcfi""" Th•• lhn..., ""''"''-11)' lríp1oo nnd lho Q, quory V.:Ciolf 
defino• lh< nine """"'""ry uipl ... 1<> Jofln.: '"" •i• ,....,.., · 
..,ry lripl<• r,.,. lho thinl ...,qu'"' th= · """""''' qu;,,;, ... ~ • 

' (!,.((, and IJi b;o•o lo he f<>nnula!od. Thi• ¡, 1\'quil'l.'li'ln·-"A ,11,e, t A ,111('1 + •.. + ,J,II,C,-6 lriplc! 

llhvh>U•I)·. :oll «>lhk·• lh:<l l'llll l>o pr"j''''"' in ""Y <>111>< 
lhrcc P.•Ínt• •r•:dfk\1 hy thc Jripl•" uf lhc fir>l 11''1"""' ,..¡¡¡ 
qu,olify fur thc r,,.,,. >cc<>nJ •nJ •hin/ '"'~"'"'· ull lho 
cntilíc• 1h:.1 c;o~ 1>.: pn~«lcJ in ~ny uf lho oio puin11 

>P.>ifi,..,¡ h)· '"" thit\1 "'"""'' "'ih qualiry r • ..- '"'' """""' """ 
. lhinJ n.·quc•l• t.J1 "'" :oll cnlilí"' lh:~l qu.olify ft>< 1hc •cconJ 

"'J<r lo o<cludo lbc lhi'IIC und.,.,curN lriplu frum lhc' Id M·;: 

A,II,C,:A 0fi,C,;A111¡C, 
...1,11 F,;..~,u,c,.,..,~~ ,e, 
A,II,C,;A,//1e1:A,II,C, 

·?:;:::.~.: . 

ru•<Jhlo ¡rirf .... Thc n:spon"" 1<> ¡he lhird rcquos1 ¡, ob. 
,.,;,...,¡ by la~ in~ lho .,,.;.m o( th< li>kc •ub.<lo n:Trin~ br 



(l¡,(J; und {1;. Oh<tl'\'~ dml ~nllly 1::1 th:U J'<l;'CII.C'S tM 
proj«tk>n 11 1111C' r qu:.lii\<'li r..,. ,,.., finot •IOJ <ttDnd ..,. 

que•~> l>ut ~"'" ""' qllalif)· fur th• lhinJ. fnr • .-mally.ll m:ty 
¡,., "'"'"d th:.l thc numl><r uf •cp:oMc quorio• tu he r, ......... 
l:!te<l J. oqll011 10 Lhe numbcr nf mcmbcn In U.o ldt·h:ind 
11do ot LM oqu~t!<>n, 

SPARCOJ.j O..la Base Coii(Cpt• 3K7 

HUMAN·FACE JDENTII'ICATION 

Hinn.:•n-faoc ft:al<ln:> uf 11 1:>1'¡!~ pupulall<>n nn 1>< .,,,,.,. 
In D OI>IIIIIUI~r. Thc pn.1ht,..., ¡, "''" t<> •tru~tun: thc lb1:1.., 
Lho.t an cff~~:km ""''"'b ,.,., 1'<' l'l"f....,..,¡ h• idcntify nn 
indívi<lmll "h•n D numt..r uf fc~tun.-. ¡, !IP"dn,-~. ur huw ~~ 

'I'HE IDUITJF!ER$ FROH RElO ARE VSIJ) IJI THE FOLLOIIIIIC TADLIS 

V1 
ID ACEIItiCIIT lltiCliT Sl:X ., 
IDC[I; JAGC[I; )JIEG[I; J WEG[I; )S !XC(!¡] 

I ... R1.10{1;1) 

V1 TABL E Tt 
ID AGE. HEIGHT WEIGIIT S& 

9 18 5,11 190 -H 
1 
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, .. 
1 dauiiJ lndi~klual' in di<lincl d .. ..:O,.. ~ ru ... dnn ol'lholr 

fculurco. 11 fcw rc•c:orchon "'•~• invo•r!~mod thc probo 
lom ... ·•l 11 "l'f>Ca"'· """'"""'· lbal ll'lllrc orr.dcnl ""''hod• 
""'MC'dal h> oblain ~ qui<k ""'"'"'· .. pod:llly wbm tn311)' 
dHTcrcnl d~'oripti•m• ;ore In he cun•idcrW •imuhanomnly. 

Slru~•urin~ lhc dalu in" binary pmpcrl)'·matrh f<>rm, 111 
illu,lr:oled in Fij!urc ~. ~nd Fl~u,. 7, Pfl>"kl<• llif ""'ans f01 
r~•t klcntlfic~lion ~nd cl;ll-llkatlon. Tbo lahln an: oclf· 
O> plun<olnry. Che ullrihulc• cnn l>o P<'lmUiod In any Oidor lO 
thul "'""f difr•"'"' •Ub-~<CI>tmao •~n ho dcri .. d. lf • 
wilnñ• dc•crlhos ~ criminallh;il h;ol hi• f"':c covcml from 
1hc ftl>"" duwn. 11nly lb< b.,¡,, cychrowo. cyo.. forchcOO nnd 
cun ""' nccdcl in lhc •ut>..chc,.., A wilnc<~ mil)' describe 
a crimiru.l wi1h.u11 l>oin;. oblc to :.nip o •¡>«Üoc ..,.¡,.. 10 
eoch and cvcry fcalu"': in <>lhcr W\>rdo. fcatur .. mny be 
dcOICril>cd wilh diff•rom dc~"'c' ofur~<~nulnly !OOU). Pot 
cumple. d<<crihin¡¡: 1hc no••· the "'itnou may u.y thou he 
ls 1>01 '""' ir !he n.>~·lt..,.lh •hould he conoide~ DI ohnn 
C>t ~n~:dium and ir th~ pronle 1• cuncnvc. ~lmi¡ht, or 
""~"'h•n: inhetwecn. In ¡hi< P'!Micul"r m~. tho.oe ami· 
i>lltet "'ill he: covcn:d by a "'"11<'<~"<''=" of !he form ( 1.1.1.• 
0.0,1.1.1 .O,O). 

The •tn:n;lh ur thc mclhlld is nllt ro<triotcd lo lhc· 
""P"t>ility o( oppl¡·in~ l"dn~ucñn ro caoh ol>d ncry 
attrii>lltc ~~ unce. <0 "' tu c>vorc<>lno tho uncorminty prol>­
tom. A'"umo th"l ,over;;of uhno• .. • d<O<ribe lh< oomc 

1 1 

• U.lp OVerhpl 

• 
.,.. . 

.. .. ,· .. 

crimilllll. or a numhc:t or crimlllllll• "'lth dirtcn:nl OOUo, 
!ho proccu d: inlc""""dn¡r thc cntity .. t .,.¡u, m:my qucrin · 
c ..... u,...ntly. -..lkd a p:nllcl sor.>n:h. providet the ~lo . 
ily lo cbcck a numho.r or altcm:.1ivet, as i!lllltr:ued In 

Fi'""' a. 
!Jj,l/nr¡;, .. ¡~.,,~.,s """ n•nr di..,ovcn:d io lhi• rriodd by 

C..h:ulotin; o fi~n: or ..,.,¡¡ ..,nod 1he Dntt·u uf lJ/ulllf:rlall 
1000). A••umc lhol oo "'"N motri~ f.•kul conto!ns !he·· 
dUla or no human ~loca. sorne ol' tht N fco.1u.n ore 
.. oor:lotcd "ilh rc .. cr rxc. ¡Jwo otilen, thr>c • ..., thc morr 
di<tincli•·• fcaturn. Thc 000 for each ond cvcry propcny 
cañ be calculated by dividin¡¡:lhc column vcclor "'clghls o1 ' 
lite E. m.:mi• by m, 

' -000111·-I ,, 
"'•·• 

Tbe lo-r 000(}) volun lndlatiC !he lfiOSI dlstl,.!lve 
prcpcniet l'r "·hi~h""" vcry lmponanl Jndl~~tors In deli:r­
miniiiJ thc reotures lt,o be de~cribed ill • qucry lo JCI !.he 
moil pcrti!ICnt ans-r. , · 

Tht hurnon raoc lile cn~~tlllns 11 sllt¡)c·value ann'butn 
(e~~o-opcninJ. cres·upara!ion. eyes-eolor are th"'c dll· 
tinc¡ auríl>utc•l at>d co.uldcri"' tllallhc row vector wcigh~t . 
o( a~ n-auril>ute cntil~ m b !;., r.•w, the dcp-ee or 
unccrtointy rcn,.ted by eo<h qucry v""tor of a Q•[q.,]. 
qucry mo¡rix lhal intcrroptCilhe E.•[r.Jcntily lll>tri• can. 
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bo dclormincd "' l'ullowt 

• 
OOU111"I q,,-1'¡1¡ whml I'Uis~ ,., 

Thc 1'111 ~11lu~ ¡, d~lcrmin<d hy !he numhtr or nuribu¡n 
'"'cr.:d hY 'l"~ry Q,. Thc ¡,.., d<flncd <odli<icnt• DOD 
uno.J DOU ,·~n h.: culcui~¡C11 in many ""Y' •• illu•tnol<"llln 
fl,u"' M, l>ut thcy nrc ,..,.,¡¡Jr uhtuln<"ll l'n>m Slmllurity 

. Matrlc~ •. 
Th<" l:.'~tll,r Slmll<lrlt,r Almrlt !llS)Io tt o~mm.trtc ''"'"' 

muui~ ubt<ÜMd by f"'•l·muhlpi~IIIJ lb< cntity m:uri• E b)l 
lt. tnon•pone 

• 
ES,E+.><E""i•.J><J•,.J "~"r •u'• ,., 
who.., '".J ,2,. , • ,m; i•l,l, .• , ,m. 

Th~ IIJl¡h ol<m"nl ur ES rcpreunto che numhor uJ' oommoo 
prup.:rtl ... "'"""''«''l h~ thc p:Ur ul' enthio• E, and F." When 
I•J tho e!o~nl• (/.1} ul' ES ""' th• elom<nl• ur che mAin 
di.'l"'""l. ca.·h clomont ropnt>cntin~ lho nuonl><'r ol' pro~,.. 
¡¡.,, •l"'•incd in •ntlly !.'1, "hich h ¡he .. ei$111 of •e.:lur E,. 
Th" ¡/,i( dcon,•nh ino.JkKIC lhc d•'¡;ru uf oimil"rity bctw«n 
cntili"" 1:.', unol f:~ . 

TI,.• Pr"t"'''-' S/mllur/t¡' MomLr tPS) io uh!ulned b)l pre­
n>ultirlyin~ th~ 1:.' monb by ito tr:m•po .. l:. .... it lo on N>< N 
•)mm•·tri~ m;urio PS"l."+.xl.'. Th• (IJ)th ol<m~nt of PS 
n:pn:...;nt• !be num~r el ontitic. eh~¡ po• ... • lbe prupcr· 
tic• P, twJ P,. The (l.ilth elon>ont uf the maln dl;o¡¡urutl 
•~rn:-•~m• tbo numhcr of entltioo "'""<'iat<"ll .. ·ith pruptny 
P,. Oi•·idin~ ,¡,,· ti.rl ~kmento h¡· m 11!.: 000(1) ;, ""'"inod. 

Thc Qm't:' ~;;,u,/t,r Mmri.o lQSI i• ubtainod by p.!>tmul­
tipl¡·in~ !h< ~uory mmri~ fJ hy ito tn!Í,.pu!IC (!'. if Q lo un f 
><N m-~tri•. QS i• u oymm.:vk 1><1 11111trh.. The l/Jlch 

ole....,n! •lf QS r<p..,.ento the """'"'" ur """'""'" prn¡><ni"' 
•p<dfl<d ln ~uorie• (!, and Q" The [1,/llh elomom olthe 
main di'lll''""l '"P"''""'; !he numNr of pniP<nico Apo<:(f..,d 
In quory (!,, thi• numl'lc:r ""~~.> donnW. pn:.iou•ly, 111 1~ 
q...,ry ··umpl<•hy d~Pft QCD. l>uhlntctilll rrum che ele· 
mont ul' tl>o.· main <lin~onal lhc 1~1) •ulo;e, "hkh rcpnt•cnll 
tbo numt>.:r ur llltrihutco cuvcl'l!d by 'IUOI)' Q ,. 11><' DUIJ(I) lo 
""'"in.-d. 
Th~ 1'\11 ~"1"" ¡, oallool tho n"'l'rin~ (',..-DJ11rnt J quoiJ 

(.1, anJ "' •tarcd rrc•·illu>ly ll/J.o;u, lf '"""'u~" aUrihlttn 
it ¡, ~no>llft !b;ol N"~:., J, ¡, lh< dimU<iU<I',>flly 1>1' (~ 
~""fY w~'"' in lh< P"'P<rty·•f'L<"· ().,e oan. ho,..c~or. 
•r•:dfr in a (.1, 4ucry ~•'>'!LV »1' dim•n..;.>n:.ofory N, pn>p<rtJ,. 
po.•rt:<inin¡¡ tu 1 Ll"m:tin• ti "'u); !.o .. lh< ~ucry ,..,,.,,. unly t 
llllril>ulo•. lhcn.'l'o>r• l'lll .. !·. 

Thr (ln,•ry··f'"'f'<"rt.•· .flml/~r/1,~ Mollrit IQPSI ¡, ~n N~ N 
•¡·mm•'<ri.: tn;olri\ obl;oin.:d h)· Pl'"·nUolti)llyin~ lh< (.1 rn:otril. 
b¡· ir• tr~n>po.>...: (.1'. Th~ liJ1 •l_.·m,•nl uf QPS indk;tt"» th~ 
"""'""' uf ~~~·ri•• in matril (.1 in "hkh rmpo.•rti"' P, imJ P, 
~"' •po.-.:ir>•-.1. thi• ¡, u J•,;,..u,,~.-.F""'n~~r.• INdi<;;;,,.. 
IPUFII t.,-..~,u .. i1 ind\'"''" ¡,,,.. 1',.-..¡ucntly r"i" uf pr.•ro•· 
tk-o ""' •po.•cifl,•d in ljucric•. Th~ li.i) ckmcnt 1of QPS 
indlcutc• lb< nun~ho:r uf ljucrk• In m:olri• (! in >~hicb 
prnrorty 1'1 ¡, •p...,\lic'<l, it ¡, •·an..J tbt U""~ F~~""nt:Y 

lndloaror IUFI), Th• tJFII1 1 vcry lmpon:uu fn~!ur , , 
dotonnlnln, thc holl"llr:tlol)' l'ut JI~ llllo>eu~on. 1 

01111 uf thc mcut lmp.!nunl n•P«t• ot thi• nnoo!otlve 
~ppru.:ooh lo it• ~rcul flo~ibili!Y In L•!ll•'ftl Rr<"l>llfiNIIftltiUJt¡ 
l.c .. !he cup;o~ility ro "culond pu•tc" nllrihutel or prupcr­
rlc:< ~· al'bnorion ol'the rimc-.-..rlahlc o¡ucriot. Aolllu•l!"'l<"ll 
in Fi~u"' 7 by rh< m.:ttrion FOR: CHh; CHI: Mow: MOL¡ 
NOL\ NOP, etc., une con c<>llllcnU,ote on lhe f•"ohead, 
chock1, chin, mouth'l w!dth, moulh'• llp ovortap. no11:'1 
lcn¡:th, nn<e'l pronle, rcspec·dYcly, or amy combln~IIO!I 
lhcrcuf, lo orctte nc ... IUbiChcmDI 01 AtRft'I/GI~I. [f 1 

· wirneu reenlll that a oriminul 1wt 1 lang """" nnd ouriy 
hn!r, lh• ..,on:h c•n be ¡><rl'<>l'mC<l over allributcl ll:tit­
tuture •nd n-·l""'lh. or ovcr aay •P"IIk:.pmpo:rtlos. 
The nc•lblli!Y o( tblo oppro,uh cnableo one to c .. ale 
n~gregat•• <lf prupcrtlco lhol bclon¡ lo differcnr nmlb;,IH. 
One oan •Ita orcute oureptn ol'. the !1>011 dl1tlnorfve 
feutures stilred In 1 me, fot uample. Lht ten propo:nleo• 
,..hh lhel<.,..elt DOD vulun u llluMnttN In Fi¡l>"" 9,. 

Jf lhe intor...,tion ofrh< ••' ol'crimhuolo thul pohcu lhe 
moot diotinotlvc propcrtiH wlth lhe 1111 of criminnls rc­
trie~ed hy thc .. an:h o•er the prc¡><ni"' I.J><'I'lliN by lhe 
witncu is 11<11 empt), the inlcm>¡r:~lur may o•k the wltniso 
ru Ir)' nnd re<:;oJI ifthc or!min;ol dld no1 h•~• any o(!he mo>t 
dl•!in(ti~e l'ealu~t. 

CONCLUSIONS 

Only a few basic oonc:opts of SPARCOM ha~e l>«n prc­
oent<"llln thio paper. Muny oJhcr oono:cp" und nltorithm• 
hn~• ul•o ~-~• imrl<mon!ed nnd ro.re<~. The APL is u<ed 
here mol'<!ly "'a t<>ulto uplain lhc C<>I\O(p!.l. Tite 11«i~lll 
<>f rhc mtthud and lhe ei'Rc~y or !he I)'Jl<m l>:lw been 
ol~arl~ d•....,n•tro!N in an Ao..,mhler Lan,.,a¡¡o implemc!l­
ta!ion whon • O..t• Base of 100.000 cmlties vi. 6,!1.000 
P.•t<ntil~ ¡rupeni-es w..s scnn:h<"ll ~oncum:ntly by -"0 <:Om­
plu querin. tEac:h c¡~ry oonudnecl owr lO'dirr~rcm 
pnlp011i"' l'rom a oet of b.I,OOO po.~entllll ptllP<rtin.) On a 
•yotom ,160 MLIIl 8.1 nllondtle• thul qunlitled .,...,.. ,.trie•od 
wlthln 60 ue<>nds. A docunod doocrip!lon el SPARCOM'• 
""""'P'• can"': fL>Und In Rdon. .... n. 7 and Jl. 
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ABSTRACT 

lhi• papee ~oncom• a cunccplual modo! F<>r ;> ~oncrnl 

f'lllpi>SO ourput ~cncr~l<>r ;,nd ÍIS irnplcmcnt~tion. Thc Gcn­
<Wc~ Ourpur (GOl Sy<~em is ¡,"""' on h•o majur crircria: 
!U uscr oricnled and 1~) """Y moinr<nancc. h< ¡:o;al ;, to 
pmJ!I<'c tailurrd <OUiput in an un.,mhi~lk>us. ca,.,r:~-rndr 
Funn. Ba.k;o!ly, rhc •r>~cm ¡, cumprhcd or" dcri.cd r.re. ~ 
dcorriplor file llnJ "" in«<facc mo>Julc which 'ontc~rarc• lho 
""'' r.l<> ac<ordillJ) lo ~'tcmally'•uPplicd •pcciJi,·ati<'n•. 
f),·ri•cd data are U>u"lly numcric rc<ulto ,uch "' P<'f<cnl· 
•Ft•· t<n~l•. •ul>rUial•. ere. Oc«;ripc.>r. ore d<r.ned a. 
alph:tnurncrio ~.~1> ~<hose lun<tkm ¡, '" cloo.rly i.lenrily 
.J<ri•cd data. o .... ;r.,·arion oi dtfforcnl lfp<:> al cakulalod 
on~ Jabd file• nrc di•cu>>ed "'ilh uccump;tn)•in~ e>>mploo 
.mJ illu"r•tion•. 

D"CKGROUNO 

In a oocicly "·hcrc cnmpulcroutpul io boin~ "'idcly u>cd fur 
~u•i~>eu and scicntif"· r<r<>rtin~. lhi• mcdium ~;:,. bocM'-' 
:tn incrcasingly ;tcCcplcd whicle for human «>mmunk•.otiU/1. 
" f<•icw of cumpulcr oulput durin~ thc """ 1wo de<adCS 
ill<licalco th,:,l thcrc i• ~ 11011<1 U>l•ard more cumPle• fonnal· 
tin;.. ~ challjle js mo.lly duc lo :u1 UJI'lt>din¡: """ m<>"' 
'"ri<d """rship; i,c •• •• the """'"""'' bocarnc moro supbi .. -
lk:tlod, lhc dcm,t>d fur CU>I<>m·la~<>rcd ur oven camcr~­
<<ady output inc...,a>cd. Fur Lhc mu>t pan. Lhc OP cumm,._ 
ni1y rospot>dcd lo lh"e dcm:ondo by dcvck>pin; a cumpilcr 
~N><<>;och lo produdn~ slali_.,lcal labk•. Tbc Rcport Pro­
Jftnl Ce,...rator (II.PG) by IBM anoJ Tahle P:udud~~¡: ¡,a.,_ 
~ (TPLJ by thc llurcou of l.ab.>r Stalhtico ;u-e c>ampk> 
..t syotems thal "'"'" >pccilically dc•i~""d 1<> accun>mud~lc 
• •4ricty or uulput di>plar•. 

ll'.TRODUCTION 

" ""'iur problcm in lile produc1iun of cum¡><~tor outpot 
e:•'Oiv<> lhc monipul:.liun uf alph..onu=ric d«criptun;, ;.c., 

• "'""";.,• o( lhi< ...,....- ~,, '"PI'"'<d ~. ¡;,..,, IHO).>fll-~!OJ"-"-' 
•• .,., lho N''""'"' In~~'"' .t ,.,.._, H<•llll, tJ.S.I'IoN;,; H<-1111 S<n-0. 

"' 

la !>el• who>e •ole fun<tilln ¡, '" clc~r!y id,•ntify da~• r,rnut­
t~d onlpol, "' llPf">Wd 1<> cal,·ul;tlinn•, ldht.:l• .are "''' 
roadily dcrivcd frum :t!~"rithmic m,>Jd<, Al tt... Biom.:tric 
Lnb,r~lory, Thc c;,.,,.~e W:"hin~uon U!Uvon~ily, wc rc­
rie.,..ed lhe pn>lllcm> "'""'iatotl ~~<iU. <1utpu1 furmouin¡: and 
c~me lo th.e folluwina cundn.ions: 

11) l..abolins requireo CXIen•ive ;1muunt> <>f lediou; for• 
rmuing ciTurt. C\>n>cqucnlly, l~t..·lint tcnd• tu be 
"~"'""' :ond ahhrcviale.J. 

tl) Revi<lon of nulpul funn;¡t~ ;, c~,...ll ~ l<d~>US. 
[l) Cen<rnl I>U'l'"'" pnljU"~In>. in <~hkr '" n~únt:lin rhcir 

scnerality, tend 10 ,.,...:,.. w -·ri• Lhcl>, e.s. <;¡; or · 
$. Ho.,..cver. thc"' ~re many it"tdno:' ,..be..., .uch 
~encric labols do not >uff>Co. ' 

(4) Whcn """ml>i~uuu• laJ>.;Iing ¡_, ro~uiml. thc pro¡:r.>m­
mcr re<orts ID "u~ >hui" prc'l'mmmin~ cun•i<llllf u( 

rcpclllive c:deulatiun l"''ic and unique Wphanuln<ñc 
f<>rmall; i.e .. thc ¡>n>;rdmme.- ;, f<><Ced In "rc-invcnt 
thc ... hccl" calculatiunwi .. ¡,0,;uu!l(' uf t.bclin¡; ~pe­
df>e•. 

In Oftlcr lo roduce thes~ ¡mthkm• und provlde ncxibilíty 

.. ., 

in goncratina DniP<II • .,~ h:lvc dcvclupcd a •yoletn b:lsed oo ·· 
,., . ., m>,j~~r crl1eria; · 

(1) u .. , orimtcd__.,.,,.. ,buuld l>c ahlc 10 •pccify not 
only numcric;tl re•ult> l>ul ;ol>ll lhtl tcrminulu¡:y 10 be 
~mployed ""d lho r<»ili,min¡¡ ~nd unl<rlllll ot tbeir 
OUipUI. 

(~) F.as)' m:tinlcn.tn<C--Il!ÍIÍl~!iun ~nd m..lntenancc <rl 
ihe o)'•lem •h.,uld h.: a.;compli•hed IIIU>I)y by train.ed 
t<:c bniei..,,. 

Thc f11ll~win¡¡ ,....,¡¡""' J~,crihc th~ lk'i~n. b:t•ic con- . 
cert•, intpkmcnloliun. und c\amplc ""ll'\11 frum l>l1f >)' .. 
tcm. · 

DESIGN 

Giv~n th~ uhuv~-m,nli""'" ~riwia. w~ dc...,i<lcd lo trcal 
dcrivcd d•ta ;onoJ !h.:ir ,,.,.,,;;,lod <lc,cripl<>n< "' >CI"'f'dle 
"nliiiCl, 1.~ .. ;'n&J".·n<lcn!l¡-~..:ncr~k-d m ..... 

... . 



lJO Nullannl Compu¡er Confononce, Jm 

O..ri~cd d~la ar. vlewc<l ao c~lCIIJoltd reoulll lll(b aa 
pcrccnl•l"'· tolnlo. oubtotoh, ole. De..:riplan oro deOncd 
•• 1h<>>o~ ulphnnumcric labclo necded 10 l<lcnlllr ,nolulta. 
Melll•~ outpul lo uchlcved vio 11n lnlerlacc modulo whlch 

. ac"""' bc1h tht re1ulls ancl duclfp¡or rile• u ohown In 
Fl¡¡¡f'<! J • 

Thll dtll¡n luiJ ¡ha fallawln¡ advootlll<l: 

tll Cenc .. r pu'Jii>q ulcui,¡Jon Pl"Jilllnl can bo wrluu 
lndcpcn~<n! uf farmaulnl canst,..lnlo, · 

42) Thc do•<riplur file c~o be modiflcd 1nd mol nlolncd u 
a oepornte cnlil~. 

()) The lntcrf:u:e module pR>.I~<I fl<>lbllil~ lo the U. 

l'll.f!lemenl ot flnal..,lP<ll, •·•·• conflaunliiMI ot CJU1. 
'pul can bo talloftd 10 lht lncllvldull IUCr whhout 
· u1cnolv• repru;n~mmlna:. 

BASIC CONCHPTS • 

Tilo J>III'JIOH or 1111 fohcrwina dk«<ulon b 10 upl""' 
con.:cpto 1ho1 wlll yldd rnul11 ond d<•criplon wilh oomt 
degr"' of gcn~flllltY und 1 minlmum of effort. 

Al vJcwc~ here, all outpulc;n bo oubdlvldtd Joto a KriQ 
Or componen\ ¡w~s. . 

Fl,un l repf'<!•<nto the conccptl lnvolved In lh<l (10 
oy11em, trom lhe mo•L clemonlluy LG ¡he molt complu orod 
Lhelr lnlctn!l:l~onohl¡~, SL.nJn¡ otlht IOp o( thol u:bem.:llc, 
TOTAL OltTPltT lo mode u¡~ol PAOE IMAOES. ;nd ano 
or more T ADLE¡SJ ~on11hu11 1 PAOE l MAOI!. T ADLB!,\ 
In ¡u m, lf'<! derived from RESULT CLASSI!S ancl U.BBL. 
TYPE.S. Finall~, ~•ultl ud labell an: COI'I'l¡>Oled ol clt+ 
menta, l. o., 1 olnál• oalculatlon or on o!phanumerk wonl, 

A JI."&:~' imqe 11 denned a• an outpul unJt who~ conlert 
rarmo 1 loaicol wholo wlthin tho 101111 outpu\, AlLbou~h doc 
dimenolons oto ""'" Jm:o;e an: lheor<LicoUy unflmiltd, o.n 
I~IUDI paae lmaaa 1ntruduoe• ~oruin conmainu: c .... ma· 

' TOTAL 
OUTPUT 

"" IMGES . .. 
. 

--- --- -- ---
TABLE 1 1 TABLE 11 TABLE 111 TABL 

• -- ---------
TYPE A 

. 
M TI\ IX 

. 
VECT~ 

TVPE H 
IIESULT CLASSES !:!BE!. :aels 

TVPE S 
OA TU/1 . ' . . . 

·--TVPE O . 
. . 

1 ! 1 
1 

. . .. 
' 

IIESULT ElEIIENT lABEl ELEMENT 

l. 



• 
1 

. . 

r;hhw limh~dono, ou~ll u finhc numhtr of print poaitk>u, 
-¡clldlo tnn~cncc lhc p;¡¡:c olzo. . 

•A 1al>lc lo dcfincd ~• o mcr¡:cd dt.¡>loly of ~oult• ond llo 
.r.o.c:riptors or l~bclo twMncwu • •in¡:lt- taNc lo lnwuh"Cd. 
tM Jl'll:C lm:~;e l1 thc roble). All <HUIII c~n be dfvld.,.¡ Joto 
¡hrcc dauu: 11 da tu m 11" 1), 1 w~tnr 11 ><NI. ond o motr/a 
¡N><N/. O.:scriptoro nrc dividlld i ruu '"'" lypco: AU alpb. 
oum~ri<: (TYPE Al, Hc...Jcn tTYPE Ht. Stubo (TYPE S) 
and Othcn (TYPE OJ. 

• 

(1) AIJ alphonuinerie tTYPE Al lob<:lo conoiot of one or 
more lineo of pu~ ulphanumeric: 0\llput. Ao llppooed 
1o 'JYPES H ud S, thclr pooitlon la mlnlmony 
comlltcd whh lhc ruult duuco: l.e .• thc form and 
llli¡nmcnt of TYPE A lo 1>0! dcu:mdncd ~y dcrivcd 
oulput. TYPE A lo coml'll<!nly uu:d for tablc ducrip­
ti<>n, rootnotco. cte. 

(l) Hc:odcrl (TYPE Hl ore ddlncd aa lal>clo that dco.c:• 
columnor reoul!a. Thc position ol TYPE H clc!Mt11$ 
lo • function of thc formal oltbc: usu!t matrü ar>d 
VOCIOf, 

U) Slul>l !TYPE Sl are !abcl1 !hal defirw US~~Ill ro... 
,..¡.., ond are oimilar to TYPE Hin thatthc looallon el 
TYPE S clomcnll i• dc1crmincd by ruuho, 

(4) Other (TYPE 0) l~belo dncribe d:uo plus opccial­
duractcn lhal ore nDl ncccuarily ouoc:l:ltcd wilh 
re~u!ll clcmen\1. 

Ruwlts drfittlllotts 

Tbc mcanlna of the threc rnult clu"'' lo comtnellly 
kiKI...,, Ho101cvcr, 1he dcfinition• ¡pp1y to output requ!re­
~Mnt• as oppo"'d to lhc ••dcula!cd relul\1 forma¡, 

Usual! y, thc: moJI con•cn!cnt typc ot oU\pu\ inW>Ivcl thc 
jtntopO,ilion of rclalcd dala on a tin~lc phyoknl pap, Thb 
J.>Y .. P"''"' !mck and fOf'lh. lranoc:ribina, or cullint alld 
pastina. In add/tlon lo convcnicncc, intcrrdatcd""" aAd 
""'chine limilaliono, acilhctlco rnay be 1 f1>:1iDr dttcrmlncr 
olthc 'P-1.1:• im:~;c. c-1-, neat and uncluncrod output, 

l'n>m lhc abo ve, it hecomc• apparcntthat opccirlcollon ol 
pa~c ima;cs is 1 fun<:tion of ¡he nurnbcr, rcdundancy, 
•rmmctry, "''""' ~nd •arie1y of I"'P>' ckmcnll. F<>r c•a""­
pie, whcn ¡he samc pa~c ima~c can be rcpca¡od 0croiS 
1r111ny phy•ical pa~~· (rcJundancy), 1he cootll><ncfil ratio 1s 
cnhnccd. Similarly, "h<ll labd alld rc>u!t clcmcnll are 
cvcaly spxcd, i.ymmetñcal ~ablos ~r~ produccd and lhc 

•ilionin• of 1he 1ahfo ;, •implificd. U>u':o!ly, 1he mool 
ootlr" lab!cs to opocify are a_ocrica of ftDt>-r<:dund:UII 

tsymrnclric"~l b.bclo a...t rcsulu. ' 

. OOSy~tem 

IMPLEMENTATION 

An c•periiiiCnta/ modcl ol GO ((knmolc Oulpul) Systctn 
hu bccn dc~el~pcd nncl lmplemonlcd ~~ 1hc Biometric: 
Lalx>ml<>ry to leot !he <<WICrpto I""VIouoly · d~~Kribcd." 
Tbrou~hout lhc dcvclupmcnlol pll:loe. wc h:wc dnl~ncd -· 
numerous UliliLOble funC1ion• 111<1 implcmcntcd } prindpul 
tnodulco11nd 9 oub-mndulco ... rvlng kcy fUnctJ.,no, f<>r ti!C 
00 Srslcm. All pi"O¡iramo are wriUC11 In FOk TRAN and 
PUl for .,¡18M 37!l'!.l5-~MK--OSIVSI S~CIII. 

1'he followln' rcpruent lhc module< 1h1U h:lve bcon 
imp!om<niC"<\ f"r 1he 00 Sy"cm: . 

(1) GOMAIN ¡lnterf~c M.Jn Modulcl-Thls module 
•ccepts Input p:tn~mclcn. ~fcn 10 appropriate re­
oult 11nd hobd filoo, ond cumbl~~eo appruprirue oub­
modulco fur Oc>lhlc ou1put. lts flcolbll!ty ou be. 
observcd frum tM enouil\l u..mp)n. 

12) OOCLAR Untcr1':oct 1111>-moclulc)-To dear the 
•~•. buffer, in whkh lite reoullo ond !nbol1 wlll be 
mcr¡col, 

(3) OOREST(Inlcrf'Ke w~d-To l'l"ftore • pq:c 
lmap fDI ropctiliou• uoc ot \he s:tml! P•tc imqc 
whb diffcrcntiol rcs~lo. · 

(~) OOORED 4/nterfO« sub-IIIO<It.tl<l-uscd ll Input 
fUIIClion for #COCI";I\)On of p-•ph di<p\¡¡)'1. ./ 

U> GOORPD (lnlerf•<c oub-modulc)-uoed In cotliunc-, 
tlon wllh ODORED lo '"""""'" &!Id plot dall for 
diopl&)'o. -

(6) GDDATM (lnlorfacc sub-m<>.,hdc}-\o truofer da· 
tum re•uho lo oulpul buffer. 

(7) ODVEC"I' (Interface lllb-rnodulcl-to ln.nller vec. 
tor reouh1 10 outpul butTtr. 

(8) GOMATX (lntorf~o• sub-modulc)-(a lfllnofer m. 
\lh mullo lo outpul buffer. 

(9) OOUPDT (Interface sub-moldulcl-uscd U I<Pdalo' : • · 
rnodlfy functlon for prcvlausly.cre&tcd Pll' lrrlqd;. · · 

• . -• • • ........ 
• • • -....... ., 

1 ·~'" ·-· 

-- , ... r 

.· ·'" -

··--· 1 ·-·· ....... 
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(TYPE ,1.) 1 PSYCHIATRIC RATIN:: SU.LE ~ ANXIETY J 

' 
PRETREATMENT 

HOT 
PRSNT 

MILO HOO­
ERATE ·. 

NOT 
ASCRT 

POST 
TOTAL 

.NOT PRStfT o --- o JI 4 

p 
o 
S 
T 
T 

MILO 1 --- " 
Ko\TRIX 

JI o " 
' E 
A 
T 

MODERA TE 

SE VE RE 

· NOT ASCRT 

PRETREAT. 
TOTAL 

o 

o 

o o 

1 1 " 
TOT,I.L N '" 

NO CW.NGE "' 

CA TI/M 

!IOl COPRNT llnt~rfacc ou!Hnodu~)-prinll ibe 
=~d ""tput .. llic:ll woi<IM in thc burfcr ia uoer­
•pccifk-.1 furrna.c •. 

(II)'Gl)P,\CE ¡L.,~I Gc""r•IO< lludulcl-tO crnte 
1>-.llt<' lliroctory cunstitutN .,( ~ lma¡;n tollcnd 
tu ""''•·•r•.-cifi,..r outpul, 

1121 GOST AU !Goncr~tl Purpuoc Cllloulatilln Mudu~)­
Multiw~y> •ru••·•~~uiu• llflll compuMioru fll "• 

1 " 10 ---
\ ' 2 ' 7 JI 

·, 

' 1 o o 

. 1 ' '• 

1 1 +-v_ECTORS )8 ,. 
N ~ NOT ASCRT ..... ~ 

IMPROVEO "'~/ . WORSENED 

- CA TUl'! MTI/H 

.... 
IX. 'k, and <T conduned (indust.c d' row ':1': 
t<>lumn ':1', tuble ':1'. cumulotiwc row ';J. cumulati~ 

·· ·' · · t<>lumn o;; for 11 and :=:.n. Thr multo 3« do<:u· 
m<Rtcd ~nd >tor..-.1 <>n tcm~ diok fdc lr.,.ult fii<J 
to he utilizcd by lite COMAIN. 

O..rin# thc dcwclnpment;li ond dnip pila .. o( tbe GO . 
S)'llcm. wc alou cnwli10ncd • •!'in-off fftliD this c~ncept. 
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• TA&LI. V-'""- 'Nilo tklttolllo A,U.""-1' 

". 
atllOD DISUIIUTIIl~.STUDY; X IREAXDIMf. I'AU .1 

(RECION) JACKSON· TUCSOH ~ .... DALIAS IAL TI· llf:ltl'HII PHI LA• TOTAL 
(IN,UT) lf'llll crn "IIOA[ DELPNIA 

IIHOLE ILOOO 

' COltrCTED·FAC 1 ll TY: "· •• •• 162 • sn . 6211, I)U, 6Sll9, ex IIHOU 8LOOD) lt.71t o:o ••• S. 18 21.71 ,.,,,. 1);8) 18.1t9 

RECEIVEDr 
lo'ITHIII RE"OII uo8. m. Z%25, 2510. 1772. 40) • ...... 2659.2. ex H,CEIV-'JD) 9S.llt 84.61 9&-69 84,57 92.)4 SB.IS 9],S, 92.11 ex IIHOlE 8LOOD) 90,83 81t,61 !16.6!1 8o.l9 ]2,)0 )0.6o "'·" 75.08. 

CX HC[IV-'J~+~C) 57.52 ltO,S!il SJ;zs u., .. 65.36 lo5,JB 86,2) 67-!18 ex TOTAL INPUT) · ttsr.n n .as 57-01 59.lo9 lo2.7!1 2).21 66.55 53-0S 
oursrpr ltEGIOII "· 1}}. "· 458. llo 7. '"· 174. 2278. 
.r.f; lt[CEIV•IIB) .... 15.)!1 ),JI 15,4) , ... 1¡),85- 2.11 • 7-BJ 
{t llHOLE 8lODD) '·"" 15 ,)!1 ),) 1 llt.6J 6.00 ·u.oz 1,82 6.lt) ex HCEIII-IID•~C) z. 81 7.)8 OJ6 12 ,18 s .Joz )2.66 1.86 s.at 
(X TOTAL INPUT) 2 ,lo l 6,80 l • !15 10.86 J.SS 16. 71 ' ·"" '·" TOTAL ltlCEIVEO 1267. .... 2S08 • 2!168. 1919. 691. 82)1t. 24870, 

CX llHOLE BLOOO) 95,26 100.00 100,00 "' .82 78.29 52.62 86.17 8l.Sl· 
{t ~fCEIV-I/8dC) 60,)) lo7.97 59.21 78.92 70.H ¡8.01t ..... n.so 
ft TOTAL INI'IIT) 52.20 ,.,. .1 S ..... 70.)5 1,6.)~ . J9.92 "·" 51-59 

TOTAL llHOL[ BLOOD 18)0. .... 2508, )l)O •. 2~51. 1)17. 9556. )Siol9. 
(X TOTAl INPUT) Slt.Bo ltlo.IS 58.96 ¡lo,l!il, •59.19 75-86 78.90 70-66 ... 

·.· 
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TA8l[ OF tONTENTS 

STLII!Yt INVUTIIlATOlt TlnEt 

--------------------------·---------------------

OUTI'UT DESCAIP!!Q!! 

W.RRA T 1 vt SUI'Io'II<RV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
IIA TA J NVENTORY,.,,., ... ,, •• ,,.,,.,,,.,,.,,, •• ,,.,, •• , •• ,,,,,,,, 

APDI • SHTIDN (IIEl'IOOMI'HIC ~TA) 
A/>01 - ADULT PERSONAL OATA INVEh'TDAY (FOIL'I ~S) IIATA LISTINCI,,,, 

APOI - ADutT I'ERS~t MTA INVENTORY (FOAII ~S) FR[QUENCY DISTliiiU 

PTR • SECTION (DC"OGRAPNIC CATA) 
/>TR PATIENT THI!IMTIDH RECORD (FORH '32) IIATA liSTINCI ........ . 

"' 
PTR • PATIENT TERIIINATION RECORD (FOIIII 32) FREQUENCY DISTRIBUTION 

• SECTION (EFFICACY DATA) 
CCI CLINJCAL CLORAL IIII'RUSIOHS (FOiut 28) ' DATA LI.TIHG ...... .. 

CGJ • CliNICA.L GlOBAL II!PRESSIONS (FOAII 28) IIEANS & STANCARD DEYI 

CCI/11\il - CLO!Al IIIPRESSIONS {CLJNICAL ANO NURSES • FDRHS 28 AHD 

SELECTIDH CRITERJA FO~ NEXT AVACOV ANALVSIS ··•·••·••·••·••·••·• 

LISTJNC OF RECORD$ INCLUOED IN TI!E FOLLCWINC AHI.LYSIS ......... . 

AAALVSIS OF VARIANtE (REJ>EATED IIEASUUS) ..................... .. 

SELHTIOH CRITERIA FDA NEXT AVACOV M"LYSJS ""'"""""""" . . 
LISTING Of REtOROS INCLUDED IN THE FOlLOWING ANALYSIS ......... . 

ANALVSIS Ot V"JtiANCE {REPEAT[D "EASURU) ....................... 

.. . 

• 

• 

• 

.... 
.......... 1 

.......... l 

.......... 7 \ ........... " .... 
........... " ........... " .. ......... " ........... " ........... " ........... 64 

' . .......... 6S: 

.. ......... " ........... " . .......... .. 
.......... .. 

• • 
• . 

"hkh "''uld onh;,n<e 1M d<>c:Umcnr~rilln ...,..,¡· pf 1~ druc 

•ru<lio• "·"'' "" """'""· i.~~. rr-.. implom.,nwriun nt" "'-"* 
•¡·.r,•m. 'fho Jh~•k ~Y''"m <Oa~h•'' rh~ •·nn•rklc-.1 uulpul 
Ji l.:• foil " ¡:i1 "" """Y """ lh~n oll¡;:onil,-. lh< oolpul In ho.kll 
C.orm ,.-irh a r:.hr.: ,,f ""nwnr., •"lliinito:d ~nd po1i~~:~r~d 
uulpur. ~n.! ~ 1")" r"rminul<>~y ¡..r~.. ' 

u a roctd ~ tl2w66 moub~ and ony 111H11bor ot •ul>-flclds 
c11n he cun•trucred wilhln the fldd. Table llbowolbc uppcr. 
le~ 'l""~r~nl nl a Pr.trui!Ma\ll'tmltalll>elll ~ros .. w...ta­
tÍIIn• rt;>F" ;,.~~. Sine< tbc ""tput uquiresju~taposítlon ol 
(m,. idcntic:.l lahl"•· unty thls t•l>l• i1 ;cncrntcd all<ltbon 
r.:nc-..·t•-.1 ontu thn:c uther <¡u\klrnnls rot thc compld" p;l#' 
l111:1¡i.:. Th"'• type:s uf l.obc:l tH, S, and 0).,. ide.itii"ICOS i.o 

F.XAMPI.E OUTPUT 

' 
Whon rh<- .. urrur ro.¡uln:• furmul~rkln ot oymmclrical 

la~l<o. ~ f<"•l#<-' i""'l"" "n 111<: ¡>rinlot papet ~"""be .,~bioncd 

·--

thi• labio;. . . 

T"blc 11 •huw. cnlcul:.tcd rcou111 rrom OOSTAB bo:iliJ 
mei'J<'<f whh tbo t~blo pr<><l...:ed ~- Oae type 'o/ bt-<1 · 
tAl '*'Id all thrft d:aJseo ol rnc~l!• ""' ldontifiH la lhlo -· 
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Tnhl•• ru ~nd J V IIJijlln:ote 1be lullort~• ,,r nulpul a«DRI• 
1n1 tu u•er opcclJknclunl. Pw lhlo u~rllcntlon, COSTAD 
n••~~tcd 1 two.w11r cn.ool-luhui~!IDn al Dnlu; 11,. Dunotloo 
¡~l•l~l de•l1n. '""'''' pnen.•N •••r ~tmwd In dcalp 
ordn: l.t., 1• tlcrnenlo Jfrf~J~CRC), ji<I>CCII1, cumuJg!IYII 
pcn:ent, e ce.) ""' lhHV~ h'llillhar '"' oneh eall or thot dt~lan. 
HuwaVIr. 111<11 uiiC'r wunltd lht dola dl•plclr..S u IIPQ/1111 
¡ubln lf111qiiVIICf lllblt. P'lrcrftl lllble. eumul~tl"' JIUCtll1 
¡uhlf, ele,¡. H1rw, only ona PRtelmnpr "'•• crcated 11'111 
"'•uh• "''"' dlurihuled ulactlvoly 1111ha 11rproprlu1e tablu 
1\lr oulpu¡, 

Tuble V ohowa oum11111rfto ¡h.ot lf'f l'nqucnUr uud In 
loo!h Jndutl')' und ..,Jcnc1. l.t., pcn:rni•ICJ• wblolall, 1nd 
101111. 

T•blu VI, Vil. ancl VIII ore llluoi,.IC'dto ohow 10<1!1 

• • 

tati!ICIN mu1arial1 l'rorn 0111 ol Dllr fOmpltt•lr docullllnttd 
111111111, il'up 10. "'"IU1GW 11111rbd. hu ktn ICI<tc!M 10 
dcmomtralll ~ rcrtt.nc1 cljlabllltr ollhll book lfll~). 

CONCLUSION • 
Butcl on aur u,.rlt~ wllll tbt 00 ~Jittlll, wt nNnl~ 
hrllne thlt Clllr appi'OIIeh 11 1 Yll~ allt. Wt cantlnut 11 
d~clup IIIPre ;cnuallltorlthm• r., tltelnttrfbc• uccutiYt 
monitor, 10 th:ult wlll accamlll0d~l4 mont n.xlbl~ output. 
De>~erlpton ,nd rtsulll fllc1 ,,. lfMratcd aepa.r¡otcl~ •lid · 
.,. mnlnllllncd by ttalntd t~hnlclnnl. Dllr n..c aon~rnli1Cd 
o:omputntlo'"ul mndul1 ¡OOSTAD) prayoo tbal ather IIIOd• 
utci cun tr. rci>IJIJt hscorpanMd lnto lht 00 l~lltm. ' 

1 
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Design and implementation of an infor01ation base for 
decision rnakers* · .. 

1>)' K. H. UONCZEK, C, W. HOI.SAPPLE """ A. 11. WHINSTUN 

l'o•.Jo• Uoi...,oJI> 
>1<>1 I..J•¡<U<•Ind ... , 

"hon c<ln•idorina ¡h~ <lo•IMn und imrJ,·monwliOII of •Y.. 
'~"'' fur dcci•ion •u¡>(><ln. u orud:~ ,..,inl i• •he po""' llll<l 
p,.·,ihilit) of a\alloblc !<>UI• fur r<¡>fc .. n•in¡ da11 contc•IO. 
1 he l;!luo of •uch >) >Iom' ¡, <un•lr~inc<l hy ¡he "richno•>" 
,,f r-m<rnin' ..JIQ~.:<l h)' thdr <Jala >tructure mrcb>ni>~n>. 
\\'¡• inlr,>Juc< lh• nuliun uf an inf.,..,~otiuo bo>c .. 1 n;otu r,¡l 
•l<p f<lrn~nl in thc .:un¡inuin~ <I"Uiulion ofd:ua llN(Iure•. 
111 • .- <JUhli<fkiÍn¡: fo.,¡ure• uf tho infurmalh>n b:O>c 1111 11) il• 
~,,.,,m'"ud~tion of thc huri,unt;<l and >crtionl intc,nolion r.( 
~•f<>mlullun parocl• imu a ,;n~lc scmantic mcch:inim, and 
t :1 thc intcgr•llon uf uper•'•"' into lhis .... ".m1i~ stN~lu~. · 

INTROOUCTION 

A topl~•l ar>d dc~!dcdl)• ,;~mcant M~• of reu1"'h in­
•··>1~•• 1hc idemifk.,liun <( th~ .. eriteri• which u ~omputer­
b:rd informuti"n '~"""' mu\1 <ali•fy if !lis l" be of .oluelo 
nan-('rollr.unmin¡ d~i,jun mulcr.. The ftlwin¡ diiOUl>lon 
fi>C\I .. , u pon wdl critori"• ~~nd their lmplk111ion> for •~•••m 
dhl;n ~nd implernentaliun. In 1"1111eulur. we inliOIIUCcllle 
ll<>tion of an illfí•moullmr bmr Mtrd demoa•lnolC how lt ITIIIy 
be dcvetoped -..nd lmplc:mcnlc'll ,.. an ule,..;o0 10 1he 
CODASYL ODTO' ~pprt>ach 10 d:ol;o·murr.q:emenl. we· • 
C~><nmen<e "ioh o he ch.omclCrlloUÍ<»> of un Jnfurmation bu•e 
ao • scmuntic nctW<Irk. 11 h thcn •hown thol llli• Jemaftlic 
I>ClWOrk ma~ be "'"lized u• M e•kn>iun lO ""- oppO'U:.Ich 
lhat "'" bccn ..,,,,.¡ In commen:M cnvirunmonb. Moreover, 
wc muotr·•te huw the infurnl"tiun "'"" '""'"' "' the comer­
otonc _fur u ~cnerallzcd dc,•i•ion '"PI"'" ·~otem. 

Withln 1he >eopc of th.i• f"'P.:r a di•tinctlon ¡, dr•><·n 
bct.,·~cn lhC tcrml infl>tmali~n m>d da1~. Qb,nve. fi'>l o( 

all, thMI infurmadun ¡, an ah.tr;ctiun; it ¡, nul ,0me,hin~ 
"hich cun be ¡>ointc~ tu ur •cen. Huwcvor it ""'~ be 
a:on~c~od hy p:¡ncm• u( ••m.aner..,nct'¡!y.""' Le •. by cunfl;­
llr~l><~n• nf •tmbo.o),, by d~l~. o~ra '"'" infurmati~n inv .. ri~­
Ny ;occ""'~""Y one anmhcr. Thc wurd• on thí; pi~c u( 

,._.per ""' nut infurmo~tion, bo.ot r.rhcr ~ P'lllcrn or matler· 
CI\Cr;y which a• a con><:qucnce u( cenooin .... rh·iti« 1•·•·• 

' -.,..,.,"' -" br '-'11\L-< .rw .. ., R......, ...r 1r<~- a...,, 
No. Ollf-4:-tJ 10. . -

inJ'IIlin~, tr.•n•nllllon¡¡. dcc.>dln8. A•"'•d.otin~. •u..-in~. de:· .. 
cidin¡¡. ele.) ~un>·C)"< infnrm•tlun.' Tbe inoro>n.ont ,...int io 
lhc ¡>aUcmin' ()( d~t~; the ••ricbftCio" uf a n.~:o1l .. n in !Ctm> 
of 1he kind< t>f <tola td:.tion•hip< whi.:h it ,-, 0 n:pn•..,i>L hao 
"bviouo lmplic"''""' rur Ílo po .... in "''"'~)in~ infurm•· 
tion. Wilh 1hi> in mind. u e""" note• prunuun~(~ tr<nd ;, . 
thc hi<IOf)' <'f infur,.oiun •rote"" frum lhc rd~th·dy, 
impuvcri,hcd Ji"""' ~•lo >lNCtun: 10 lh•: Ir~~ ~nd 11<!1"'""'- '· 

d,la otruotu~•- CaJ'Ilth!c oi" 11~atcr vuti•t¡ "' J"'" c.•nr.~u­
"'-lion: corre•pundim:ly lbc """' with "hi•h coonop.on>tivdy 
comple• infurmauion can be conveyed h:o• ~J><> ,..O...n: 
Sum....,riziq. •· •.• we con AY lht d.1tK lo an •·~jccll•·c 
not•tiun "'hkh h:oo no oisniflc•nce in it .. lf. ,·crsu, inform.o• 
lion us u ¡ubjective c"nccpt which ~loleo a <to1um tu a 
contut:•• 

In Clr<ler lo •ndento.nd the v...-ie\i.-. nf cMtc•tl or 
tonfi¡uMiono in which dnoa m u•• MPP<'III" if1hcre ¡, tu t.. 11 

eumpn:l¡enolve con•~y~ncc "' lnformatlun. wc ••~mine 1M 
licld of ocm:omics. or •pccial lnten:.l ;, thc ""tioln ct a ' . :'. 
''""•ntic MI. The ~•uhs ol1hk enminatk>n con•lllute •· ; .. ~.·i · 
b;asil for !he opccllicution of lnfinm~trl!m h~t.rr fcalurc-1 • :. 
which permlllhe unumho~uou• rcprc .. atuliult uf OLI!typeo ot ·· · 
Jnf.,rm:ollon penincnllu d~l•lon oupport oprJI.-.~liuns. Thio 
reprc.entatiun muot c .. nfi~ure- <Lo1• JUdo lhol ;di oi¡rolllc~nl 
~l:otion•hips ""'""' l"'~tl• of lnfOmi:lllun te.; •• ""'""K 
focla, P"""'"""'"· empírica! Informal~••· eL<:.J •.-e ""~om­
mod•ted. Funbcr,.,..,. tbCIC objcc:tiv.-. Jor infurrnouloa 
hose featu"" muS! be me1 in • m;onner lhal ¡, •fDCIII&blc to 
procCJlÍD# (or !he P"lJ'O'"' o( in(ercnce .,d dcdU•1(on,, 

·' S"once •cmuntico dcul• whb 1he rri<trlom>ll/p• t..hv«n 
oymbolo und wh:ot thcy denote or ""'""•' whol "'e <""~IJ the 
lllf"rno:oll"" h;,.., m;oy bo ,.;.,.rd n ~ .. m:antlc ""'"h:•ni•m 
001_'-'ble o( rc('re:<cnlinw mc""inp in 1eim• <?f d:ot~ ~ .. nngu. 
rmoun,. lto •tono~• tcchniquo mu•l t.. M<""nol ""'"''h 10 
b~nJic lhc ho,lc klnd• or inform:.1lun involwd in <L..-ci..rua •• 
maliq ~Jn, ol \he •pecilk ~~~;.,;..., "Prlica_ti.in. ,"".; ...... 
Tho>e 1 ~pe• o( infor,.oion ore: <l"orcctivc infurm;oti,on. cun- ·.·:·; ': 
ccplual lnTurm:oli~n. cmpiricuJ infur,.tion. •timui.LIU<}' ¡,¡.': ':;·.t 
for....,liun, lnf...-m:uiun 11boul e~¡>eel~lloa•. inrur....,li<m · 
co~~ecrniq -: .. uation•. und procc'llur.tl inf~>t'""-tlun. la .uidi-
tlon lhc infunn~liun b¡¡•c mu•l be ne•iblc cnuur.h 10 rcprc· 
sen11he cOcn lntricat~ lnlcr,..hotion•h!p• Mltll>IIJI inf<~rm:otlnn 
_parurs, rel~llna thcm oo u to cuptun: 1hcir ruu-mo~nina 

'" 



und lmpact wlth ""l'l'CL 10 <1tllcr ~;~rttl• <1( lnformmlon. 
Thl• honor point ¡, p;•nkularl~ •i~nincant in thatlt fumioheo 
M ~-;,.¡, fotlh< ,ynth .. io uf ""~'-~'"te p;¡rttlo of lnforrnation 
thul '"~ all JcLtcd 1<> thc ''""" oi<.)<C1, conccp~, ob.erva· 
tiuno, etc. 

"''""!.' dolinc• u ocmuntlc nctwurlo to be nn ottompt lo 
cuml<inc inh• u oln~lc meo:h.~ni•m bo>th the ohillty to 1101'11 

[;octuul l.nuwl<dM• ano! thc al<ility to """"'1 o•soclotlve 

""""""''""' which h!nJcr co;n"ln 1"'«•1• uf lnfornu1tlon 
"""""lhlo tr"m oonuin 11th.:ro. Murto•or he Jn.tlc-~t .. threo 
critcria "'llich mu•t ho ""tl•fiC'd by • no~;~tion UHd for 
"'"'·'ntk f<I'N"'"tati"n: 

1. l.<l¡¡.i<al ndcq~~<~cy, Tho nnt;•tion mu•t pru•ide ~n u­
act. furm;ol an~ unumbi;;uooo reprc..,ntatioa of Mny 
p:on;cular ln•crpretation that m.y bc ~i•en to" .Cn· 
!once. 

2. Thcrc mu•t l<o un uiM<>rithm fur tr;,nol:otlna "" lnltlul 
"'ntoncclntu thi• not;•tion. 

.\, Thorc mu•t l<o "llfl'rithmo capuble of u.! na thc "''"""' 
tic rcp•c•cntuliun in ordor lo perform nccdcd lnfer­
cnco• alkl deducti.,.no. 

Tho inf<lrm:otion ha•c dch•ikd in tho oubooqucnt dlsc\11• 
•iun ,.;u 11.: •hown tu oml•f~ tho doflnltion of A oemotnt!c 
~twork. A que()' lan¡IW(,\0 ,..¡¡¡ be ~cocribcd ,.hich, in 
c<>nJun.:ti"" 11ith tho inturrnation boiM. wlll be ohown to 
""ti•fy thc thoce requiron1ont• of notmiono for Hm•ntlc 

fEAl'UIU.~ t>F THE INFOIIMATION UA51! 

lntroduced lo.thll oectlon. 11u&t 11, iher Cl>n, In"""'" un se, · 
be >Cjii'C>.eQted wllhin M!Wod: doota o1NC1Ureo, but ..,,¡, an 
upp"""Ch 1eW:I1 to cenoln .. ymmetrln twltb rn~l 10 
proc:co,j!IJ) und diflkullln nl.in tu thooe cncountcred whca 
reprucntiRJ 1reci in linc~r oii\IC1Urct. Sincc thc two ru­
ture• are n<>l lnhcrent In thc cumrnon nution of a networt.' 
doata N. ... lfrt lrurodu.:e thc infurmoul,;, bllfoC uo • meo:hll­
nlom "'hich encomJ>"nn hoth "·hile "llowi!IJ Q¡ll netWort. 
cupahilitlco. 

'J"M nnt (c~ture JnyoJYC> the lntroduction of \he COR«pl 
ot re.ol'lltlon lc""l' wlthla the mcchani•m for lnfonnotloa 
Or¡!anlzation, A limpie C>amplc ot' thio lo dc!ll:ribcd by 
WinD;t'IOd.' Con•idcr d•to nboul cun in which 1peclflc 
wdJht• und culan 11re rel;nN UinkcdJ lo uch cnr, oh a 
hi~hcr lowel ot rnoluticm, wc m;,y Wlll'll 10 somchow 1\0nl 

.lnfurmation 11hout whut thc propcnlu ot can ~re.• So oi. · 
one lovcl of rc•ulutlon we •re lntcrnltd In opcdflc attti­
hutC> olopcdflc can and on lllt<lthcr lo\<CI we .,.. con- \ 
ccmod "ith propcnin ol =n. Thuo two di1tl~tlve chaii>C­
tcriotlco of tl>e lnformatlon t.10c ""' !inb whlch lnlcM1111e 
lndlviduallnforrn!ll!on 1"'!1:•1• on 11 ¡(ven lc•cl of rcooMion 
lnt" 1 oi11Jic nctwort. unrcture und aecondly, the intear"' 
tion of lnfonnotlon of nf}'int lcvclo ol reoolutlon into a 
•in~le >tNCture. Wc tcrm thc furmcr chuructcrio~c "hori­
zontallntc¡mtion" uj,d tht taller "vertkniiMe¡mtlon." So 
horizontal refús to Unb,. of cntltin on !be .,.,;. lnel: 
wherijll venkul dcn.otn link..,. wnont ditl'c,.nt lovels vla 
lnfo<¡n;¡tlon !»>t'Celo thAI p¡ortkipate In both level• (thou(lh 
'tho nuture of pw1ieip~t1on lo dlfferut on e..c:h lc\<Cij. A 
oui>N:qucnl o«tion of tbl• P<lper d""ribco both ao lmpl<· 
mcntation ..nd tho implicntlono of thl• rc~tun:. 

The •econd ru"'tundln¡ fcature of.the lnfurmntiun bo"' 
lnvolve• iu ubllity to handle the lntcvation ot' pf011rv.rns 

· A •p<"dfk do,J¡;n Un.J Jm~kmututJon of the lnfotm:~\100 iniO it• loaicnl IINC!Ute. Not only don thll pcrmit the 
ba.e ¡, ole...:riheol in 1 la ter .ecti<>n: thio de.Jgn uf>ll imple· l!nku¡c ofo <~<•tum witb M pro;rum thutuoeo lt; Jt ollowo thl 
mcn1mlun ¡, b01•c<i In par.t upun the ldcu or u fll!t\\'ork d.¡tu cun•tNCtion of networl<o ¡In hoth tho horizontuluf>ll vfrtl· 
hu~ uol•·ano~d In tho CODASYL DUTG Koport of 1971' cnl ocRK) of prug111m1. Thio c"pnclty 1w. two primary 
und •uhjoct 1<1 e ucn,;on• und moxtilicationo 0<1tlined In cff«h. Flm, 1t pmvldn the t..oll r.,.. mDikL f"'mllbtion. 
Kdo..,ncc b. Tllc torm inf~>m~.~tion t.>.e. MMr than data Scound. it fumisbco u more comp,..,Mn.in mcchanlom for 
m .. o,"J, U>e-.J tU CRlpha,Jze it> ln<ui'JI<>ratlon Of tWO funda• •omunliC f<ptCicñtntJon, 
monlal fcaturc• "bio;h d<l n<ll UPr><•r In tho ¡oocr•l duto 'J"M u•pcct uf model formui;UI<>n lnvolvu the J>Ctlon o( 

1'<1•• "'""""'""'"t litor~ture. lkllh foatu'"' ~"""~"' wayo ol · rel~tlnt con~ln 1'R<>dul<:o lntD a .Jc•lm ~<>n!1 1puoulun. Thi• · 
¡>;ltt<rnin¡: J.ot~ th;<t can "''"'e)· inrurrrwtiun not com,...nly nc~tnitotoo u knowlcd,c uf whkh c<>nfi;:u.-.tlDn• ';ore moan· 
tro;,~o;J In tho v.ui..: .,r Juta b.•.c m;¡na~omont, hut of vnlut ln¡:ful unJ "'hkh u re nut. Su~h knuwkdl,1<! U otor,-.J in tlw 
hl d"d'i"n m.o~•r.: Uio1· furni•h mothod• f<>r, fntruduclna inrurrnatiun ba .. •• ~""""'"' ""!"'""'· Thio uppruaob m" 
t"u ""'"1 ~ind• •• cunt~•t lntu ~at;, >LNCtum: · much in cumm.1n .. -ith tho nutiun ur •t~uroJ pnisrmn-

1 n ul>..:n iflll tho f'l'tli'""l"n fr<lm lino;¡r •tructuroo ID min~. Pro¡: no m• do•i..-d nccunlin~ \<1 !he tonoto uf •tru<:·. 
!"'"'· h1 ""twurl.•. wo ""'" inc..,awJ fadlity fur rol;¡tinv. a Wrod pru~r;•monln¡' are ..,11dil¡• 11mon;ohlo tu 1ton•JI" within 
.L.tum "ilh t~lh•r J~ta; th•·ro ;, an '"""'"""" cnpacity for th.c inf..,..m..tiuft ]>,..,; ind<,.j tho"' ¡, 11¡.., the ul>llity to >LU"' 

· •r•:~lf¡ in~ thl. .,,;.,.,~, ~ a d;otum 1~ lcrm> of .J:'to •11\1(• ~hornath·o '"'''lulo• ¡0,5 .. uhom"th·o ft.onttion;ol rurn10dur 
tur.:>. 1lu"'¡:h lhcro; '' lllllo «<ntnt 1nbcront '" hnoar 4ata f'<'rfurmin¡¡ u p~~rtkular nllo "lthln thc cuntcxt uf olthcr 
•tn•~t"""· tho J.ua ount•·nt ,r i"'"P' uf '""h •tructuroo uthor n•U!Juk:. ur ~ hi~her "'"''lull"n lo•tl. Thc udvanta¡~c• 
may l<o ""'"tu '"~"""'"t tr"'"· 1bl• "''"""'"' '"'"P_k~ und · -- <>( otructufl.'ol ('f\l¡!r~mmin¡ In tor,..• o1 m:.int.Unal<i!ily anol 
".~"~"""""* •" th•. t"'" t_u ¡, rc~......:ntcd aro" 1 '" •lu. utcn•ihility' "'" ,.¡.., apparcnt in tho >tr~to,y of intogr.1tin~ 
Sonul.ul)', lh•~•¡:h 1t ,. l'""'hk t" ¡,..¡,¡ I>CC >lfiiCIUfl." tu thc pru~ratn modul:• in1u tilo lo¡:kal •tn1ctufl.' uf .,,; infor'm.<· 
tu•~ uf rcpn·•~nt1n~_ 1;1'1-"' ur cum~k• ""IWL!rko by U>IRI tio»> ha;c, Thut 1 •• it Jo P""it•k: to add, ..,¡>!<oc~ 0'r dolctC .1 

~u_ll~ct~ Llf Ll'~<·h~C ~INCLU"''· thl> C11n11<11 ~ '""0"" lftl>dulc U, tbc """"' m:IRI><" !hat """"'-uuiJ ..JJ, f\lpL~"' 
plhhod 1ft a [.oCdc, •Lr~•~htf,...,ll\l man~J. Thn analll;y ~cl~tc "11 occu,..,ncc of d.1to. 
may l'll cuntin""d "ilh "''~"'""' lu lho t,.-.. (caturco hoina 11 ¡, U>dul ut tiÍi> junctun: tu pulnt Ullt • di>tinctiun 



' ~1,.ecn ~ra¡r~m modulo11i1~ ~n.d !lros"r•m rcoolud..n. Tlw 
IJea .,r rcwlulill~ tt.nl ul.., ~..:• un~cr !he •~me ot'lcvcl ot 
A>oii'IIC!Ion. PUkoll'll' lndi<:ulco lhul cuch k:• el uf a •Y•Iem'• 
,.,n ... ·urc IMrnrchy cunod1Utto on ul>tltr..ct "'"""~"~~' .,.hlcll 
fU111cip~tnln !he 11011 hlsbcr ....,,, urnl ,..llkh llat IVKI!ooble 
11, ll!hc rcoourceo ofL.>v.•cr lcvclo. S.. ·•, •. ut """ lovcltht 
rn•~mmmlna umounu 1u m:onirut:oliun of lh~ ulr.truCI re­
"''~~"'"' •uppurtcd by !he rl<:<llu\Ocr lc~cl uf 1hc hicr.uchy. 
Tllc rrt~;rum• ut tllat 1 .. c1 rnanipuloue ~boLrJCLian-dw 
·•~•!I'IICiiono e>f Lhc rcooo.rce, "''hmc•cr 11 mn~ ~n~ at 
1hc """'' lln•c p"nldp•IG In ~oncnotin~ u hl¡¡her lc""l of 
"""t=t!un fur !he nnl leve! oA lh< hicrJJt;hy lo ~m~nlpii· 
L&Ic.",. FunMfl!lllre. Mlllcr und UndarncoJd .. Qnllhlll a 
".,. hi~hly mudular lmplcmtnmtlun io oncln "hich ope-
1·1fic funclloM urc pcrlormcd by •prcifk mudule• l•nd 
n<lwhcrc elle): on the othcr htlnd, • oy<tcm ,.·hlch pre .. ,....u 
0 hieftrehy ot ~botr.IC'I ruouren .. ..,uld uppear 10 rcc¡~ioe 

rn•><blnrity •• K mínimum. nnd rcrllupo " """' dnl more 
'•tructure' :• " Suoh a 1< ructu¡e lo eiTeotl~ely 1/euted by tllt 
lntun•••11on bu•• reutu1'11 ot reW!Iutlon levelo "'hich allollil 
tht amRACmcnt or Pro&lllm rnoun: .. lnto levelo ot ob­
ltntetlon. 

The ncond eiTcct ot ~llowln¡ thc lntegro11on ol pro­
'"'"'' lnto the ttructure ot the intQ/m:UiOft bu .. t. thc more 
rompfl'hn1lve Jentolntic fl'pfl'~nt:i11on th:ol h pormilltd. 
Much Jiteftture at>out ,.muntlc notworko lt concerned wlth 
the nc1wol1c "'Prelcnlotlon ot En~li•h ocnteneeo 1•·1·· '"" 
Jldcrencet' and 11). Thne senteneet conol11 or polltomo 
of verbs and or;umemo. The lyp!cot declolon maker who 
querin the lnform~tlon booc l'f~Utllllhe ntcu11on ot oomt 

, model (l.e .. opoMon. verbo) uoln¡ cenllln dutall.e., oper­
•ndo, ar;umenll) u lnputo. Thc Ui\IUI daü base 1\tllC'IUI"Ct 
llandlc lnl'orm~tlon aboot o~mento only: lhe me•nin¡flll 
opcnotor contexto In whkh tuch 111¡umenll m~y nppeur lo 
11<11 !'fpresented In ll~>ndaN typCo ot~ola bontttructurco. A 
mo" dotalled diocuo>lOft and ptooe~lc.ol opplicatlon ot thll 
reoture ot repi"C.entina prc~r~m• In"" lnfortllllllun baull 
prncnlcd In Rcrc ... ncc ll. n.c "'"'~inder or thil pnpc:r 
roc:~se• on dclulls and cumples ol the rnolution lucl 
fcmt~re ud on thc utlüly of thc lnfunn:otlon bale os a dtvl= 
(Of &cllllntlc repruen_t~dGn. 

kEQUIREioiENTS FOR A DECISION SUPPORT 
SYSTEM 

Rcc:allthat,ln thl1 paptt, "''""' princlpolly concomC'd. 
wltb 1~ lntorm;,tion bl~ rrom thc otllndpolM ot lto o:onlri­
blotlon to .tho rc~IIJJ>tlon ol 1 ¡cnenol d<clllon ouppon 
ltllem. Although lbof'C X,_ II'CIId /•celo lnvolved In 
oeochll!l dccl•lono, "•lnvuli¡:otc thltt In p¡¡nlcubr: lnfor· 
lll>ltloo ICUII, model IUI'IIIUI;ot/un, Knd 1111:olyolo, The ttfl. 
CMCY ot a declolun •uppOI'I •Y•Ltm m~y be tvaluutod In 
l~tmo o/ lit n~xlbllity, f~lllly, "upc:, limcllnen un~ COl\ In 
oupponln1 th01e threc r.ccts. 

Wllh reopect to inl'orm:uion ~~eccu tl>orc muot k 1 
mcehnniom for the oyolemntio, lntc~r.oted otono~c ot all 
pconlncntlnlormutinn. Thc lnform:otl<>n h:o•r ouUineJ aho\tc 
rrovldn juol i\ICh 1 mcchuilhm. throuch b.llh horizunt>ll 

---

11nd vcnk:llllntc(lflltk>n IUIIIth""'¡:h ~. cup.ochy tu rel:olc ,. 
opero!"" "·lth c:och •~llcr ~nol,.ith "fllll"'""'"· üivcn '"!'h, 
u otunop mcch;onl•m thcl'll mu•t bt.·ul•"o:hnl~u" rur intc'rn,.. 
pll"' \11.11d mc><lif)'ln¡¡) 11 thul cua hr ullld hy dccl•luÍt 
rflllktro "hclu"' 1"11 t'\llllf'IIICr Cll".'rll « pru¡¡nstnllloiiR,.ThC .; . 

qucry l:on~ua;e lur uccumpli•hlll.llthi> ¡, ~..,ntC'I! ~otcr. 
The •ccund luce\ "·bkh 1111111 hr •uppun•d lo tbo ..:llvlty 

ur mudel r .. r'mul:oliun. Thlo toco! rol~n1 bt.•th tu niutlcl• that 
11.111 oub...'l¡ucft\ly u-...J f11r pu~• ul un:dr·l• untl 1<> 
modelo in tho """'" ur plan• tu !lo.' lmplcll'll.'nrcd. Thl• lo u 
CN~Iulolh¡>t:Cl lur '""'lvln~ un>LN~tull.'ll pmnlom• ~nd ft~r 
ouppoltln11 the c'plul'lll<lry "'~'' ur tkd•lun m;,kln~. In 
oh11n, tho dccl•k>n """""" oy.tcm mu>1 luo"" ~ o.•mpul'lolnt 
ror lhe ,encMlon unJ ovaluatlun ..r ult~mutlv" tur ""hlcv· 
lna ~ otn1td ~o;ol. A• ulrcudy in~lcutcd,tholnr<>rm:llkln bu .. 
contributn Lo •uch ~~~ end. 

Thc declolcn 111pp0n sy.tcm muil obo I"''"idt ror tite 
actl•lly of unalt•i•: l.e., thc filllnJ. Pfdalu wlth modd1 nnd 
mt><lel& \t'hh dat~. lhereby ruultl\11 In onme upect•tlcn, 
bfliCfl 01' knowltd;t. lmplio:h 111- thc YCf)' flliiUI'e Of \he 
ploonnl"' oocdv!ty lo 1M dynumk c¡o::dity 1>( thc lnterfiiCe 
bctween modcl und dutn: tor """" thou¡h a cotlectlon of , 
dato may M ccmpanulvcly •t•thlc uvcr 10mc timo perlad, ' 
both the prublcm• ano! thc madrl• """" ror problem oohin' 
in:o)' be 1Ubjcctto r ... quont alleMio.oa. !'\111lcc that ~ model 
openotco on " p¡¡niculur i\llrn.'t olth.: ontlre collectlon ol · '" 
cprrondl avulluhlc. und 11 "'q"l"'" u """"'" conn;unnlun · 

'ot thll dota u Input. Wo cotuclld th:lllhe tedlouo, l.'llmbcr-
lGme 1uk ot lnleri'acilll dula llfld modelo for purpoiiCI of 
•nolyol1 ohould hr •utomuli•nlly hund!td by lht dtclalon 
IUppotl lyotcm In rnpanu 10 thc commllll\lt ot 11 non­

'proanomm.l"' IIIIC/, Thc molhlld fllt IICCGifiPIItlt/1\ilhlo /o 
dlocuned In IUb .. qu.entlectlunt. ' 

.. 
FORMALIZA TI ON OFTHE J NFORMA TI ON BAS!l 

We now pr .. enl u fonru>l ducrlptlun ofwhollll mean! by· 
\he lerm "lntorm.,tlon h•oe." Wo detino o ......,rd OCCUI' 
f'C~Ke to br o unlqu.etr Moclfl<l ~te o1 d!o~A fl.e .. otri111 
or lymboll). Whcrc 1' ¡, the .. , ur pOl<ltlvelnteam, 111 x, 
bol lht MI of !nhcla """""U.ted wlth • nnltt oct of rteord 
oc:curnncu, IUCh lluu X,.cJ', A f'Ccord type. unlqucly 
dcnottd hy tbe laliol p~ ""'Y lw d..crihcd by 1 fuiK.'IIoct '• u 
follollil. o.nnor Ro"' th~ MI or ull r,: X .-!D,I)•uch tbt 

"' 
Y.t:f!X. . , t.dooll 1(% lo of lhr lYpot lubclcd p, 

-•· ' o otherwl>e 

(2) 'itf!.X0 , ~ r11.r)•l 

0) . •.Vr,eR., ~ r,l.r,)>O 

" 

' .. 
Prcpeny lll 11ute1 thut ,, dcnnutbl.' cullcctlon or ~ex, <11 
tlw type Lo.beltd p,. Proprny tll lnoliclrteo tluot each 6EX, 
con hclonc to ~~ mo11 onc p1• Propeny !)) 11ulC1 thlot coch r1 
lo non·trivM. ' · -

Ucro"' donnl~ X, rur t>O. wt note lhat l', .. ¡pJ l• tlw 
rct <11 Rll ~~~ anoc:l•tC'II .,.,¡¡b !M dcmtnll ot Jt,. !lineo X0 

~ '· 

. 
1 : •, ,, 

~ ': .. 

·--' 
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·¡, Onhe, wt cnn, dcnnt theu !obelo ouch lhat P,c:J'. 
l'onKo•l; fur1hcrmore wo """ denn. eacll ~ tMM oell ol 

· tabelo ouch tl'wl h h~l no elerncntl In comrnon whb 1111. 
othcr P,. Denne: 

X, '"(At!P, ( i!lzii!!X.: r,(.r),OO]UX. 

X, .. ¡p,ap, ] aztEX 1: r¡(.r) "IIIUX1 

x, .. (p,EI',., 1 9zeXk_1:r,(.r)o'O]UX.., 

lt followo from tbe ddlnhlon of Xo 10nd H lhol lhtre muot 
c~lot • A' oueh lhat X,•X0•1• •• . : thl:n lct X•X0• a. 
oerve 111111 X ;, lhe ocl ~!abolo ot ull m:ord «curn~u 
whhin 11.11 iM<mnnlion b:ioe: lhc¡e labcl1 ""' uniquo ldenll­
nen, lhCrCb}ICtvin¡ Ul lnfOtmutiOR b.ioc keyo, /111 DCCIII' 

roncea or • record 1YP. ~•no1cd by !he hlbcl p o:.an bl 
dclcrmlncd by 1\KCeui~t •rPIICuiiDnl ol' !he l'utK:tlon r lo 

Wl would llkt lo dtROII that o:olor tnd wtlahl.,. propi,t' 
1Jn. Supp;~lt "" 1\;¡yt rceord oceum:nca u shown 1~ 
Fl;~~rt la: lhue ure ldenllned by !he rcapectlvo ~obolll in 
X0, Th~ 111 R,lo alltl ohawn; by Jn•P«don w~ oet 1hnt R0 
a:uldlco 1111 no:C'Ilcd oondlllono u Jlvtn al tU be&innlna o( 
lhla oectlan. n.. l'uiiCtlon r, do1cmolno:1 whclhtr or not u· 
clcment or X,lo or tht ty,- eolor. Slml~•rlr r0 11 a.uócbitc4 
wlth !he \ype wel~hl und r 0 l1 ~IIOO:I•tcd whh tht ¡y,- car. 
In 0111 lmplcment~llan c~eh ,, cttnnto (lUid lo denned by) t 
llnkt~ liot cl oo:currencu ofitiiYpa. Olnn X~ R,, and P, 
wc apply th• rule ror dcnnln¡ X, lo obu!ln lht rcoult ahown 
In Flaw-. lb, R, [¡ •liD ainn and clculr l<lll,nc• 11,.·_ 
nicu~ary condltlonll'oll\1 dcflnlllon. llppllea1í011 o( r, Jo 
clcmcnll flf X 1 t>.n bl "'cd to dctormln.c which clemtnll ltt 

· velticlt prcl"lrllco. l'l¡:utt le ¡¡l,..olhtX1 lt..t followl rrcm 

thc ut X. The ma,nlludt or K lndkotco 1he lt'tll or 
reooMion lnhcronlln lho lnformatlun b:o.c. Tht reodcr wlll 
nul!<:t thlu Pll ulwuyo • ¡ubm of X: U' 11 were n04 d.!o.lred 
10 \real 1111 record 1ypu •• record occum:ncn, one cOutd 
denne X•X,.,. There ott Hdv.nu'llc• to ~cfinina X•X,, 
c•pcclally for purp<>>e> of MltCrin¡ tho loakulotrvcture or un 
lnformulion b••• uftcr h 1!... been IOQded, Thlo .,,¡¡¡ bl 
el•botlllcd In • oubo.cqucnl -!Ion, 

Con1inuin¡, we nuw rormully denne t~e lnformMtlon·oet 
¡Jn·u1). Thlo con"NCI, 11> lmplementN In tila lnformutlon 
baoc,l.o dra11n in fl<ln' rtom lile ".el" Idea cl1he COOII· 
SYL DUTO 1tcpor1,' hen¿e lhe tcrm "In-MI." 11 lo lmPDl" 
¡unt 10 ~•ffcr•nti;uo 11111 rrum 111e lbmUiur nollun of a 
malhtmulk¡ol .el, Le\ Q,•l•e.t' ¡,,~,¡,.O). lf" fu~~etlon 
ülloclutco c.eh olch'ICnl of lto do>maln wilh no more thlll 
onc clemen1 ofilo non¡e it lo lllld In be u runclioll.ll rclo&lion. 
Then endt funclion"l rel.otlon f:IJr .. <J• unlquely don~~t• an 
in·set of "hkh !he rOcord I)Pt r, i1 lllid ID be lile owncr 1nd 
1hc record 1ype '• l1 f:"~llcd-lht member. h ls lmpan.on!ID 
muU ot•cnol oh"'"''uions •hout tho ln·ocll ot "" lnfDrnl•• 
!Ion b'"'· 11 lo pcrn•lnlhle, nnd IDITU!IImct uoel'ul,0 to uii<IW ' 
¡.&¡. S..collll, u ln·KI m.oy bl u!IC<I lo ~uoo:l'llo n«~rd 
l)pu ot dilfuonl le~elo ot rcoo1u1io:o. Thlnl. tho oe1 F of lrt-­
oCII ot u inform~tíon N-Loe mu•l he cnrefully dcnncJ oo 
rhat i10 el""'""" uro con•l•lcnt: e.¡., one ohuuld uen:lq 
caurion In .Jofinln~ bu!h /,:CJ,-(!1 nnd [,:0,-Q, 111 
elemen\0 o( F. Fin:•tr if/,:Q,~IJ, und/1:(!,-Q,.Iilen we 
can f"rm the c••mp.,.Jte in-oti/,•/,:(J 1-Q0 ddln•'<l hy 

1/,•J,H.rl • Jj(/,to)) V.r eQ,. 

Thlo l• oumctimc• Jo,ir.<hlc fr"m lile >~nllll¡><~lnl tof aoce01 -­
cmdcnc~~ h ul•11 alh>llo "' In •ma•·h '1"-~lul •IMnincanoe or 
mcaninM tu ccnain ~r""P• uf..,,,, ·· 

T'hct f,,...,,,¡ll$ i• a fnrrru~l ,¡.,..,ripti"n nf tho m;¡Jor fn· 
1""'" uf tho inf,m.oliun "'""· 11 ;><:ouunl• fur holh lho 
h"ri~,lnlal inlc~r:ui<>n t•iu ln•..,l>) ~nd .rr1IcallnlcMmlion 
¡~;.~ rc•ol~tlon l~•(l•l oi illfurm:oti"n imo K •íni\( mee~;¡. 
•Í•m. In Ollkr IU llluolmlc !he u.c ni' ~oululion leve lo."" 
.r¡>ly 1111 11bu.e fnrm•li•m• lu th~ ¡.-uhlcm (oee Won,¡r.td') 

nf rcpro><nlin¡ inf<~rni:Uion ubuur Cl<n, In lhl' pn>hltm can 
""'· 1u be ~ • ..,,.,'be~ In lcrtllo or color ullll wcl¡h1: in <llldilion 

· 1111 ~cnnltion. lfwe tukt R0•G. tilen X•X,, ' 
TM oo:currcncullllll '¡hclr "nrllcal" reb.tlonawlth tocb 

athcr are di"#R<mmcd In l'!¡utc l. llloo deplc1td 1111 \WO lrt-- 1 
lt\1: / 1 and/,. Uoln¡ tht dofl nl~on1 ot Q,, Q,. and Q1 1l•en 
In l't¡ure ~./, :Q,..Q, •n<l f 1:Q.-Q0• Th l.tl'OW5 111 !he 
dU,I'IIm polnl rrom tht owner ot lho 111-otlto lile mcmbor, 
(.e., c:lch aiTDW pOÍMII In lht dlrectlan Opp;~llit lo lhul In 
the nolution of 1!1 oorrupondiq 1\inc!lonul relullon. U1lna 

.!he rormoli•m< Introduce<! horc 11 ls • •lmplc mattcr 10 
: rcp.-.:ocnl an Ulcllded p!Qblcm lno:ludin¡ othcr klndt ~ 

vohlcltJ, ~ more propcr1111, oubchuolncmlono or proper1l~1 
te.,., llrvcl~,.(. 1\aneilonAI, ele.) •nd ~vea proponlea o( 
Pftlpen!Q. 

More detaíled diocunlono af lht """ter qu~lhy llllllop· 
. mcnl pn,~blom muy bo fuund In Jteforcno:cs 14 arwl t!l, Tht 

ol¡jotllvo ot th• CIWmjd• ptcocnted ln lhlo '.ectloD la lo 
demonotm~.lht applic.t.llltr o( 11111 lnform:uloa bue •• • 
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El ¡;:;:¡ 1 

' 

,. .. :t-Ck<Ottmcl .. "' ... , ......... ,.. but 

"-"'la: for o~plur!n' 1h~ oem.nllct und 10 ouppcr1 pnoc¡lat 
dcoioion prcblrmo. Al 1~11 poin¡, w.= prc•umc ~~~~ Lbe 
reodrr hao u ,umdcnl oc~opl of who1 "" lllformotlon t..se 
rntllil> lo cbv!ato thc nrcd r.,r <'Omptctr fomuollollc de>eril" 
llon. Se for thc •a~ e uf ooonomy, the (cllnwin~ •~umplc ¡, 
rreocnrcd In a len r~'"''" m••Mer Uum chr previouo une. lt 
wiH be ult>' 10 drpict conatn lmplrrn<nlollorud del~ll•tc.a .. 
L·~ In ,.·hidt 1M infurmudun h;¡se J1 1~lncd •nd 
..-Jih whtch 1t ¡, Ulillzod). 

Consldrr tho r<<'Ord lype POLLUTI!R, displ•ynd In 
·1aure la. T!tls ~pie or daa1• itcm 'Y~"'' r<pr<ouu 

•• 

...... -... 

LJ 
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• 

- - _ ............. ... 

~ LJ D 
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•• 
fl&owol-A"""''"ololookaltl""""" 

me .. urel of lypo:o cf pollu¡cr actlvlty fcr a 1lvori du11, ·So 
oc.:urnncu or thl• ,..~:~~rd 1ypr nlti"<''I'Oind tu mc111u,... 
mio11 token oo vuriGUI d:nn. In ord<r 10 bul!d 11 .. muntlc 
ncllli0r11. wr muol lnollcmc h~w lhl• cunocpt of I'OLLUT. 
ER lito lnto 1hc ¡>altcm of koow~dioW ooll>:cmln; wntcr 
qwolily ""'""••mene. A ¡>l)llul" li pn'f'Crlt ch•r...:lori~ •• 
hcln¡ a propo:ny of • rinr ~xh., Other PNperilco of 1 
r~uch · i~olu~c ~uch, p~n•m~c•"· kc•lllwulcr. l~q~m~n!lll 
naw, 11nJ trcuimonl plan, So a '"""h lo chlln.OI"rilcd [Q 
ccrma ollllcK propenlc. u ronu ... : • re~>eh lo •l"'nlon or 
• ri~ In whkh ccnllin W!IICI' quu!il~ parumCICI'I ore· 
re~olivclr lnv1uúnc: "'hicb 11',,. nu "''"" 1hun MI IP<>inl· 
l<>urco) pullutcr, ano lnoremonllil l!uw ur une beadwn1cr; 
•nd whlch mu<1 ~'~~""'" treauncnl pl:in1. Thll could be 
re¡>ruenltd In thc lnfurm;¡tinn huoc by cecurn"n<ct uf !IN: 
REACH PROPEII.TY rccu.,J c¡·po: ~J•pl))ycd In Firure lb, 
Ho~·cver, obrervo lhut ouch """""""1;'0 ot thc d:tto ltcm. 
NAME lt ... , "POLLUTER," ''HEADWATER." "PA· 
kA METER." cte.) ¡, ol>a 11>1: lahcl otu rerord trPII whkh lo 
ll•df an llllP'f;nle of ltcm IYP" und whkb m¡¡y h~ve 
numerout oecurrencco. Sa, rcr ln01unc.. "POLI.UTER" 
dtnotu "" OCC'Urn"net al REACH PRO PE llTY: but lt &11<> 
dcnot9 1 record 'Y"" (ohown In Fl;ure lal. Thc 1111111 
~lreu!lllluncc h<>ld• fur lht u1hcr reuck proponl11. lhou&h 
tlu!lr reoonJ trpu uro not ~rpi>:IÑ hcre. Tltc re1UIIMt 
h>;lolll muc1u,.. 11 lllu•tr~ltd In Fl)lllfe .\e: n ~rd ty,.. 
ucluood by ono¡hcr record typc. ln~lclllCIIIutl doe cnclcred 

. record Ir,.. /1 ~11a un occurn"ncc uf lhc cnclaaln¡ record u·,... 
Wc conllnuc 1hc numple by uuminlna IO""I'ILI ...,,., 

quoli1y modelln& charuclerlotiC., 1 n on:lcr te olmuhtlf Wltcr 
qu#llty wc nctd inform•ulon ut>oo1 lhc fol!uwlna: 1ho rlvor~ 
lnvolvcd, tho re~chcj. ,.·hloh utct In ""'h river, """h r•~~<:h'a 
pt0penic1, junotluno, plplnQ pl:on1. u...S m. >del 1"' ··=--'ton. 
Tht. lo ohGWJt In the llructure of Fl¡~re ~. ·"", •· .• 1 th' 
m:ord lypc 0 t.t C h~l two ltcm rypco: C'HAk , •:, · ~· .'•rifo 
ti~)~~~~ 1M PT 1• mco .. ure of tbe r<luiiW lmpwun , · · ; <neh 
chllnr~eri11lc). l"lve occurren«t ol OMC ""' obown: 
Rl VI!R ,RI! ACH,J U NCTI ON, MO DELnnd PI PE PLAN. 
~nel'l1 Modellna Chanoclerillic 1t no11he only properiy ot 

. .... ..,,. _ ...... ,_, - ·- ·o [] D - f . ¡ • 
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" ..:~mciÍI ¡h;¡¡ nc~o lo t.. ~~~~>enltd: Loo:;,! Mado:lin1 
Ch:.n.~lcrlsl(coll.MCIII~ 11h0 nccdN.¡Thc trrm oc¡ment 
11 u.~~ h> indkulc n pill'llculnr Mrca of M river bl!oln.) Tht 
~ct"ll• u( 1hc hl¡h lcvel "'"Oid I~IM l..MC are 1101 ""'­
hrre. l>ui 1hc~ ~~ocrit-e lnf<>nnutlon llbovt nor~-polnl 1011-. 
or r<<llllll<>n. pormlu fCir polnH<OIIrc. poHution, lrculm<nl 
phonl cun•truc<ion otuiUt, pcrmic ~loluil<lft ~;olA, tlc. Al 
•hown In l'i~urc $, GMC und l..MC 11r1 occu,...nc.l o( 
SE<.:MENT PIIOPERTY >~hkb io ll..tr un octurrcnc. o( 
1hc record l~pc WQMA: IIASIN .,,.¡ SEOMENT 11re MilO 

Ol'<urrcnce• ur lhlo record lypc. Thc lnfnrm;,llon bollt could · 
be furlhcr u¡cnded to lncorpon¡le uopcCll olla"" UM· 

pl•nnin¡ 1in.:e 1hcy innucnce and ""' lnnucncd by V4llll" 
<lll'~lily m•n;¡¡ement. 

Thc fnrc~dn; lo~icnl olruClllfC\1 are lnlllully dcnned In 
termo of un lnformulion DuMplion Llln¡IIIIIIC 1 1 OW. Uu 
or 1he 1 DL 1o dcnne lhc io¡Pelll st/Ucturc or Fl¡ure 4 lt 
p~ocntcd in Fl¡ure' 6, Thr opceilltutlon &hown 11 ~•rsett 
o.clf-uplunulory, E<«h record cypc lo followed by lhctltem 
1ypco whlch cumpooe 11. tr tho record typc lo oto hl¡h lev.t, 
lhcn 111 ltcm IYP<'• Krc tollowtd by o 1pcclllcu~on d thOR 
ruord 1ypcs which nrc i11 occurrcnces. DcOIIition oran In• 
.. , ntu•t be: prcc<:d<:d by ,pccino:dtiono of iLI owr.er lnd 
member record ~~~·- For olmplkity, deluil• or th• type 
und oi1e dt ltemo....., 1101 sho>~n: ubo the arderin¡: erilerion 
of cnch ln·oet io not ol>own, -

A LANGUAGE FDR DECISION SUPPORT 

The n:ouler 1<1ill nh•<rve from thc prcc<:dlllJ dl1a.ulon 
tha! thc ~~•i'"'" '"Pr<>" •Y•tcm ha•lwo hu• le compunenlll 
"" lnforiiWliun hl<>e 11nd u qucl}' lu11Julo¡:c. Clel<ll~ thc 
u .... billty <>1' M oeflll>nlic nct-..or\ kpcndo upon lmplement• 
1ion d u 1·""'"·'8" wilh whleh ono con ••truct Unoertj 
mcunln~• thul urc hcld in the .. munti• net. Not only ..,.. 
"'mumlco con•cycd by 'a p.¡rtlculu.r lun¡uqe, tbcry 1r. 
limiltd by lt 111 wcll. Tflc J.rr:uo;e b used to up~ll. 
mcuni11Jo, I>UI lt td.., clollnculCl the klndo ot meunlnp 
whl~h "ra c~prc•"'"· Wct ~un devl"' urhllr11rily compln 
•cm:onllc "'*•·orko, 11«1 lhclr 11111blli1y 11 (frum thc pructiClll 
otan~r<>inl) con•tNIM<i by thor l:a"l:"";t!' tund bi.,u1111 
pmc"'"''"'l "·hich nn he lnlcrf.ccd K·ith thom. Db,.rw 
thcn th.ol th~"' 1• u fundumcnlol do;.Wily <>f!IJ tho l•nLJU".((I 
In whi~h Id,-;,. ""' •~""''""'~· und m tbc otruCJurul ~P..,. 
""nt:oli••n ,,r Idea• In un inful'lll;ltioot l:we. 0.. lile other llond 
lhe ""m;¡ntic"mcchuni•m mU•l be ClljiiiNct o/lutJna rlJII 
~~~vantall>' ••f thc lnn~uu¡:c'• powcr. In thc c•oe ot thc ............ __ ..__, 
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in•rl~m<nlalion dcKribc:d In thi> ~"~~'<'. tbo query la~ 
¡, sbt eon>Lminirw. fanor >ÍI'IC~ il is intcndcd rri=rily for 
'"" r<"~skal •urpon of ded•lnn ue~h-ilie> D( rnana¡:.:ri in 

"'"h ¡he [lUblic mol p<\'""'" "'"'""'· 
lm(llcmenlation of a n:otur•l '""~""!:" l<.c.-. En¡lli>ltl 

r••><<'"" io con.,inly a 11t>hl~ ~hj..-c1i1·<. h ¡, our upcrienc< 
1ha1 ¡he typical doci•ion malo< n.:ilh<>r U><•· nor nccdo. a 
'"'"'s>l<l< facilily for con~e"in~ in ~ n;olu~•l Jan~"''~·· 11 
"líen h.oppcn> thal phr:,.•• ur clau•o• "" sufficicnl 10 
«m•·•J" un idea: 1here ~•• ~t>l,;,m.,k:d con<lru<IO !<., .• 
rcllc•ivc. p:o"i~e) "hich are" ""' ,...nieul.orty ~·=•ne •~ 
tllc do'C'i•ion acliviLÍ<> nf inf.,rmalio>n ac~,.. moJel furmu· 
tuion. •nd xnaly•i;. In oddition lh< d<d•ion nr•Lcri; mure 
rrone lo do•ire Jnf<>rmaLion con~•Y~...t in • Lubu!.or or 
p--•rhic;d fa>hicn tll..•n in a RarT\IIÍV< ~- 11 has aho b«n 
f.,..r>d '""' ¡he u.er siuing ul a <omp<~let ltrminal h;,. • 
ltll<lonq 10 use ubbrc•iations •nd ccnci•< m;,Lhema¡ical 
nul.!lion. . 

Wl1h thue fac¡ort1 In mind. tbc qucry bnpa¡:e to be 
0111!incd bere ha• bcen d.,jpN 10 mcct 1ho nmh ol 
&ci<ion mukcr. ror fl<>il>ilily ~nd brcvity of up,-e.,ion. 
~Me 11 lhe same time bein~ easy 1<1 learn ond utiliu. The 
~"<IY lan~u·~· ;, erreeli~cly • •u~l of En~li•h 1ha1 ho• 
bo:en ulended 10 inclode swnd~nl m:tlbcm:tlico.l op<"'tortl 
¡;,. .• r<J.tiorud. arilllmo::Lic. and univllfÍ.IIe all<l mulliloriole 
ful"'lion•). The f"CU> here i> upun U>O of this l•¡,~"·'ll• for 
inlerrn~.otion. lhough it may be ••od for dó!l~ crcalion all<l 
moolilkation u well.' 

(COMMAND)(FIND clau-•e){CONDIT!ONAL clause)" 

Tite Sla:ndanl rr~""'""rk ot lbo t;n~"l>;tl'< con>i•l• ot a_. 
rolloclion oi OJ'<<:Lh>n; '"'"" in 1he ,·:~p;s<ilf uf nrt>•. 
od•erl>s and mlj~<Li•·~,¡ rdotinB hl "l"'rJlÍ<ln• lypic·.~l' 

porlurmed by m~•' dccisinn malo.en: 1h, • ..., o>pcr~••'"' ""' uf 
1wn ~ioJ>: comm:u><h LC.~ .. LIST. I'I.OT. STAT. KF.· '­
GRESS. el<.) uoJ m:tlbc""'t;,:d up.:rdh>t• le.~ .• MA:\:1· 
MU~l. AVEII..-H:;E. ~. +. <. eLC.t. In uJdllilln 1\1 ¡¡,¡, 
•l·•nd .~d fr:smcwnr~ 1hc """' m;¡y dcfln..• ;~r~um.:ul• ¡.,...,.¡ in 
thc <IIP:OCÍLy of n\IUO<J. •Yn<~n1·m• for af]lum.:nt• ~nJ uro:r->­
ton;. all<l uny funhor n¡>crdlun ¡i.e .• l'f\'llf'lm• lo 1'<! Ínlo· 
,r:slcd intu thc inf<>tm;¡tion ho""J !11:01 ;trc mund;,n< l<l lh~ 
panicil!.or dcd,i<ln tn:l~ill¡< ~pplkation lu ~- '"Pr<>M<d. l"hi• 
ddinitiun i> crT«:t<~ in 1crmo ,r ~n lnf<lfm:ui"n Oo."'<riPlÍ••n 
l.:.art$Ua~o ( ( 01.1 ,. hi<b ..,labli>bCo lhc <unce>U>l uf •11 ,Jala. 
arpnlenlo ~nd operJLon. Tilo! i>. i1 delir><• tbe """"'"lk 
oct. 

Dcluilo of thc quory Pro<<'""' nn: nut di•~"'"-"<! in lhi• 
papcr bul m:ty be fnund in R<:fcrci>Cc> 16-IS. Brieny. lbc 
'I""'Y 1"":U"P' has a conlul•"""'¡ti~• , .. mmar: invt.-.c 
tr•n•form;,¡ion• ~re used 10 tl<ke • ,,,.{~ce otn.e~urc quCI)' 
into : deep strncturc ~xprco•iGn In a lan~uugo havin~ u 
conteXl·fru tr•mmar. Thio deep •tn.ctun npre.,.iun io 
compilod usin; -11-known mellw>ds of S)11taX-directed 
:malylls." P.• M• ot lhc compiled ex ptession ~ti' u...,. "' in(lul 
lo ncl,.·ork lrJvcn.ul rouline• 10hich m;J~C •"\lr.o.c¡iuno !"r<lln 
che infnrm"tiun h..•o for uu in unaJ¡·,;, indJ.:ul<d by 1he 
qucry"1 commo.nd tv«bJ. 

1ñe q~ry·1 syntn appeafl u follows: 

{CONOITIONAL CLA USE)(COM MAND)(FINO CLA USE}. 
' 

LIST REACH.NAME.REAERATION.PARAMETER ANO REAERATION.EXPONENT. FOR 0ATE"ii0175 ANO 
REACH.LENGTH<.!I ·· · 

WIIEN DATE .. J10175. · PLOT RE.o.CH.NUMIIER VERSUS AMMONIA.CONCENTR.ATJON ANO· 
DO.CONCENTkATIONILOGcTHIPERA TURE) 

LI~T GUNERAL.MODELING.CHAR.ACTERI~TIC IF IMPORTANCE>3 

Tbc lun;lla¡:<: ;¡JJowo any meanin¡;l"ulf;Onf¡guMio:t of "'"'" 
·mento ~nd m~them~cka! op"ratot> to "PI'<"' in ¡he FINO 
ond.CONDJTIONAL elauocs. 

PROCESSJNO. HIGHER LEVEL RECORD TYPES 

U pon rcceipL nf a ~ucl)'. lhc <J!ory prnc<<!IOr ;ener:>Leo 
•ppropr;,le comm:.ndo ror tr:>voruJ of a mul¡j.lo\'el fiOI· 

·<><t. Th••• com,..ndo ~·~ opcr•lon io an lnfnrm~cion 
M•nipul.<lion L:on¡:u.,~e CIML). Wc u•c 1he l<tm IML lo 
di>Linguhh (rum thc o~•~ M.onipulatlon L.an~ua;e tDMl) 

prop<>sed in !he CODASYL DIJTG Repon.' Tito OML lo 
inl~nded to p.:rmi1 ••~••·•· modifiCDiion and reuiov;¡J fl>r • 
single le•el nelwork dala"""'· Tlu; IML.Iw Lbo""'"" 
Utensi•o runo¡jon of f•mi>hin¡¡ llloiS f:Jr m:.nipli!Oiioa of 
!he inform:tlion """'· Thu• lb< J ML conwin1 opcr-~•on fot 
h~ndlin~ Lr:oJiliOn•l DML ~nction•" ~·~ <>p<M<>n fur 
proce,.inll hii.hcr lcvcl record Lypet. llle l~llet are di,. 
cnsscd he,... · 
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In tM DML, routlncl ni•L for crcutlna a record occur· 
rc""e "' ~ unlc¡uc loc"tion d.,o1.,¡ by it• kcy. Thc IML 
lnclud.:. ll.ll.lk>;o<ll ,.....linu for optcifyln¡ tlt.t un u.loliRJ 
record <><:cum:""c M tuat.,¡ ,.. .• f«''nl type 01 wcll. 
Thcrc: urc: four •uoh con1mando: 

CKTK-Crcoto Record Type ~ on a c~~cn Kcy 

CRTR-Crc;ue Rc~ord Type hued on thc curren! 
()(;currcncc of unothcr llccord type 

CRTO--Cu~1c Record Type ba<td on thc curren! 
Owncr of a ¡lnn sct 

CKTM-CKatc Record Type bt~d on tbc cum:nl 
Meml>er oro IP>eft sct 

AnothÓ.r l"'ditlonal DML ope.,.tor IAMS) oddo 1 ope~:l­
ned record occurrcncc Rl n Mcmber of A ~ivcn Set. A 
olmilnr IML openotor i• u<e~ for wldin¡ an cxi~tln~ occur­
rcncc of onc recorJ type •• RR <'Ceurrc~~ec ol ~nolhcr record 
type. Note tll.•t utili:t:~tiun of Ibis nper~tor muo! be 1'"'' 
ceded by " ~ncraliz;•tion of Lhc dcfonition of n record type . 
which wn• in<rocluccd aho•c a:c., thc dcfonition is JICncr~l· 
lud b)' rcmu•·ir~ thc rc>triction tbnt I, •MI"' l. v .• ex •• 
wh<:u r,EN ,), ·: ¡,¡, nper.llor Í• AORT. Add OccurUIICC Lo 
Record Trrc. ;onJ il "'"' ttw: kcr of ttw: occurrcncc to be 
addcd. In «>niuncti"n with comm.md> f"r Lhe lo~icol re· 
•tructurin~ uf a n~twurk d~ta ha~.• AORT pro>l~co che 
ability h• "dd and Jdctc h!~r ¡.,..,¡record type• :llld add 
c,\,tin~ '" '"' 1\'o><•"' '" hi~her \cvcl record type,; 10nd thi• is 
ucc.,mpll>h•·•l "ith,•ut Jumpin¡ ,.,..¡ rclo;Wing dato. . 

fin:~lly op.:I"Uiur• ar~ ncoJ.,¡ fur Jctcrníining thc key or" 
ut:urd lype. $iven ;on occurrcr.cc of tho record type. TMIC 
command> are: 

GKRR-Oet K<y of thc Record lype for thc eum:nt 
Rce1lrd oCCUff<noc o{ tbo.tly~ 

GKRO-Oct Kcy of the Record lype who .. occur· 
tCIICC Í$ lhC CUI"Knl 0wn<:t Of ll<lmC scl ," 

. . 1 
GKRM-Gct Kcy of tbc Record rypc \1-hC<t occur­

"'""" ;, the curren! Mcmbcr cf ..,me ocl 

Th••• "~"'""""' pru•iJo •h• ""r"dty tu J>rn<ccd frum a 
lo\o·cr 1evcl <><:currcncc h> u hi~hcr k•<l occurrcn<e. lfl"hcn 
u,ed in Cl>f\ÍURCtiun lfi'Í\¡, tr.-.liti»n:J OML "P"<~lotO. 

11 ntu>l t.. emph:"i•od th"t thc t¡·pical u•cr o{ 1hc query 
'f'>lcm nceJ> tu havc M lnuwtcJ~., nf thc IML orcnoh>n. 
r.,, thcy aro ;outun>.•Li••;olly ""! up ;on<l c.wcutC\1 by thc c¡uory 
l'fl><<>'•or i~ ro:• ron ..e Lo o UICr query. 

ADVANJAG!Os OF THl! RESOLUT!ON LEVEL 
FACIUTY 

We eontend th.ot thc concept o1 r.:•cluti<>n lev<l• cfTCC· 
· tiw!y "dd• • ncw dimcn•lon lo thc fidJ or infurm;otion 

- .~ ··-

stono;c. Th• prccodln¡ di<eu•.!on h:os """""lcd a m<Mo . 
ror orc~~tiunuliti"'l thh C<LRCCIM u an cuen•lon to tb.o-· 
trwJiti<>nal,.;n#) ... lcveliiCiwor\ ~pproach. Onc ,.¡Y:llllo¡;c: ;, 
thot multi·lc-•·cl lo<'maftli~ L>Ctwor'<• m:ty be •L~ .,..¡tllout ', 
l~tnklucin¡: aoymmclry in tbe interprel:llion ~nd ptoe<hin¡ · 
nfjn ... to an~ ••cord typco. Sinc:c"u K<Ord type moy also be 
dcfoncd to be ~~~ occurrcno:c of a bl~t lcvcl ....:ord !l'pc. 
thc ~ddititfll ora ....:onltype iltreat.,¡ by cn:.otin¡ • nc-w 
ucord «currcncc n1 thc nc~l hi¡:hcr lc~cl. Tluol is, ""' 
renL<><·• lhc di•dnctiun hctwcen datM Ynlur:o and !he >INC• 
tur~l P.>ll<m nccordin¡: lo which d.11a lo Cll'¡:llll~d. In otllor 
,.,.,.,¡., tl>c tcrm.• "auributc" ond "Yll.luc" aK rcco¡ni.ud 
M> bcin¡: rol:ul•c, .o th:u wbo.l ;, a valuc en one leve! is.., 

• ouribute on unother Kr.d Yloe YCIU. 
From """ •·icwpo>nl tbls abo.>lishes the ;.peclolsla!uo cr aa 

l Ol. •pe<Í(.cotioo by pcrrnluin• rceord lypc clcfinWon lo be 
a dyn:~mic ptoeeSI. T1Pi ;., tb.o erciO!ion el a new Kconl 
type i• >)nonym.::,... wlth tloe c"'olion e( a ncw n:cord 
ocoarrencc of a hi~hcr lcnl record type. Thus !he \DL 
•I'<<Íf>~nti~n of !he higheot!cvcl or rc•olution 11 efTc~ivcly 
m.tuced tn tbe dcfonition oi tbm m:on:l, types {OM Ól:$0:rib­
in~ t'nform.1tt'on 11bout record l)"pCS. anctbcr relolia,; LO 
infnnn:otion about >Cll, atod onc willt nri011s syotcm infOI· 
mn!ion') nnd '"""' in·ICU bctwccn thcm. Thls dcfinition lo 
always thc "'""' rcprdku oltbc contcnt and otNCtUre of 
lolflu r<><>lution lucl$. , 

A •«<'!Id od•ant;o¡c. olready mcnllnn«L In ccnÍie-c:tion · 
with int<~rutiun or pro¡¡noms lnto thc infonnation b.osc, 
conccrn<" mccbanlsm for bndli11,1 leY~\• of Mbmxtion in 
wf!w-~ro. A tbird advun131:< is thllt hiper lc•cl ,-.conltypcs 
m.oy be u .. d te char.tCL<ri>C ""'"' e! an inforrnation baoc by 
O>ui>;nin~ r<COrd 1ypc1 of a p~nicuiMr un:a LO be occur· 
rcncc> or " hi¡;hcr le11cl <ecord type; Lhcsc orcl>t mo.y be 
dof>IIC<l fcr 1 ··:uicty ol re""""' ...... r ... )oúorrnatloo 
sccurity. Lo dcn01c sccrwioo, to dclimit fuiiCtiooal areu­
which may ovcrlap. el~.). Aolhc infcrm;,tion buc bccomes; 
l:up: :tnd <"aricd in conlC!It.thiotec:hniqL>C may MilO be u$011 
Lo rca!ilC cfliciencico In patb dc~rmiMtion pn>CCssiOJ by 
limiti"'l thc "'OflC ol utw<>rt 1t11Wnal 10 • p:llliculol 
inf<llm:nion base MeL 

THE JNFORMATION BASE AS A DEV!Cf! fOR 
SEMAI'TIC REI'RESENTATION 

With ·tho for<~<'in¡ back~mund: wc cun I!Oifl' nddress !he 
thrcc orit<ri.> pmpo~ by Wo><>Jo.' .,-hlch mu•l he ,..¡;,r..,¡ 
by a no>L~tion ""'d for Km.:ontic Kpnocnt~tioll. F'iru abo 
'""" that thc inf..rm:otion hao< i> "'"'~ for ttw: rep<nea~ 
tl<'n o(~ •cmantic nct><·ort (i.e .• ~ oin;:lc mcch:oni>m ,.-lth 

. both thc :o~ility '" >l<'rc f:u:tual kno>.,.·kd~c on~ thc ol>ilitf Lo 
mudoi~~><OCiatiVe conn«tiuno "hich rt....,r ccnoin parcelo 
of inform:otion a.."CCo.!l>lc rruin e<>nain otbcrsl. · ~;~.:_, 

The finot ~ritcrion of ~ notation f« .. m:>ntic rcp~, 
tion ;, l»~icu.! udcqu:ocy. Thc ""'"tiun mu•t rruvide On 
uact. formal und un.omhi~'"'"" upre .. nt:otion or ony Jl<lf­
ticular Ílli«J>fOI~Iiun tlut "'"Y he ¡i>'Cn 10 • ICILI"""e, 
Rccall lh:ot tho ""nleiiCO> •ilh •·hicb wc :tte concome-d an: 
thO>c :dlolflcd ln thc quory ~on¡no:t¡¡~: fur dc~i•ioo ~crl. 
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11>< lnfunnaLion b:ue allows a Jiven quny Lo li.:IYe a 
.,ultiLP~~ of inL<'I'f'"''"ti<ml. The qu~ry <pccifi<s a ¡rou¡> o( 

J•~> itcms whkh m.oy ho rdot<d Lo each othor in m~ny . 
.,,~ 1 vi~ voni<:al and huriwnt:~ linl..o~,.. in the infDlmaiÍtm 
t>.o«- liuch p.:olh oi linb~e< tm "·hioh Lh<s.< iLem• Jie 
,,,.,,,pond• Lo a p.orLioular interyorcl:otion of Lho query. 
rr-·~ rcceivin¡ a qucry ~<·hich i• oubj.:o:t '" muiLiplc inter­
rut:llion• •he qucry ¡mxe>Sor prll<n¡lh tl>e •Y•L•m"o uoer in 
,orJ<r to> ••~er1,'Ún which Ínl<IJ'<<I:olion (!.< .• palh) Íl in­
trn<lcd. Delails ol Lho m:onno" in which Lhi• h01 beco 
ompl<mcntcd may be f"unll in Refc,.ñcu 16 ~nd 1!. 

lhc •ccond criLorion io 1h:11 the"' mu•l be an al¡:orithm 
(,.,- "''"'1-Uiog un inioial qucry inta tl>e natatiun of !he 
onf,,.m.,Liun_ ba>e. Thi• i• thc ccntr•l funcLion of Lh< query 
f"•><niOr who"' opcr•tion hd• ~lready bccn d"'cribcd; 
imrlcmenlational dcta;lo arpcar in Kefcrenc• D. Thc Lhird 
.:ño~rion. concemin~ al~"<>oithmt •~l"'bl< of usin~ tbc ~ 
n'l.llllic rcpre•cnlalion. ha> al10 be<:o oddres"'d iD lhc 
Jj,cu>>ion of !he qucry l:ongu:o¡c. Ob><rv< th"l thc !MI.., 
rrovidos Lhc moons for intorf•dna al¡:orithm< wiLb the 
"'""'"'~ rcp,. .. n,~tion.'" Alj;orithms ,.hich hne becn 
u.ed mnge from r<l.1tivcly commonplace reporL ~encmLors 
Lo la'll• oca le w;itcr quality >imulation mod<l>." 

CONCLUSION 

lA lhc bt;innin1 wc ~rved tluu \t io Lh< l"'!tcmin~ ot 
•yml>ol> which ton convcy inform.uion; a ~a1um"s mcllnins 
...,ri••• from ;,. contcu, from ito relation>hil>' I'Ílh othcr 
duo.. .Thus ,.·!>en considcrin: lhe dc<i¡:n and irnplcm"cnLa!ion 
ol >ys"temo for dcdsion •urpon, a crvci,.¡ point ;, •he powcr 
of availablc roors for "'P<c•cmin& """'"._¡,_ Thc valuc of 
•••h •YsLom• is constt>.incd by U.., ""richne.s"' ol pauemin~ 
>llowed by th-oir dota <lructurc mcchanisms. Obs<rvin¡;the 
p1o~resoion from r<I•Livoly impo••ri•hed line-•r Olructure• 
Lo trcu Mnll networh. wc nOic tha1 ca<h ""'"ha< provided 
• more powcrfut und flc•ihlo LOUI for ..,m:Lntic rcpre .. nta­
tion. In rhi• 1"'1"'' we ha•• introdu.:cd Lhe nution of :ui. 
information base ... a n:ownd >lq> fonvard in Lbe conti01tin¡¡ 
cvoluLion of d.ata !lructu...,s. An OUI>Ianding fc,turc of Lhe 
information r....., is it• a«nmmod:o!iun of bulh 1hc horiton­
M and vcnkaJ intcVdlion of informaLion P.""•ls ;,to a 
Ñn¡;le mechanism. An inform:oLiun b;u.c implcmcJUUt\on 
"'hich buil<i• upun ncowor~ conccpts was di"'u"cd. A 
lcp;c for Mure rc«an:h is !he invu!i¡;aticn of un inf..-ma· 
Lion b:>oe impkrnentalion which bulld• upon !h~ re~tLiunaJ 
d•1.1 b:>se notion•." A •~cond di•tinctive foaturc cr thc 
lnformotion !use. narncly lhe inte¡:r~li<>n of upcr-~l<>rs imo 
it> .Íruc1ur~ • ...,.. bliefly de.cn"bed. Tbe inf<><maLioa tu"' ís 
Utiliud by ;o non-proccdur:ol. En~li,h-like qwry bn~ua~, 
Lhat h<u bccn do,i~ncd fur dcci>i<>n •uppon ~pplic~Lions. 
lllis lan;u:.¡:c, in conjuocLi<>n "'iLb !he in{orm:uiun b..e, 

' 

utitfics the rcquirc~Knl• rora no1ation for "'"""nlic rcp"'· 
,cntalion . 
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A muHi-leVel procedure f•Jr design of 
·file arganizations 

b)' E!VIND AURDAL •nd ARNE S0LVBERG 

1 ... V- "'T"...JiwUo 
T""""''""·~'~""'n 

ABSTRACT 

This paper dcocrlbe• a mullí-levtl ¡m>eedure ro.. dcoir• ol 
m~ orpniulio"'-· NecnQry dncri¡>llo~ of¡he applic•ÍOII 
1~slemo i¡ di<ouued ~nd a d«ign ~rocedure oullined. lbe 
main leve lo o( lhe dnign pri>Cedure are: 

' 
• DOilnaliulion oJ' meUII~e•. 
• oynlhe•i• of a logic<'l m <>del uf !he filo "'"'niu•l• • 
• m<lklllf:. "boJ! pouíble",phylic~l rc~tiulion r lbe 

lc¡:kal model uoin¡ a p¡onicular OBMS. 

The linal oolutinn i• evaluatcd thf'<>UtJ¡ a pc.rauance 
IMI)'Sis. 

INTRODUCTION 

The deslp of 1"-'1:• d•ta baoes involva a wkle •w• of 
p<Ob\cms, from the appfrcatlon •r•tem opc.:ifocfttio lo Jhe 
choice ot hardware. The wort. reponed hcrc i• r:lricted 
primariJy co !he probtem of de<itninaa "beol pou e" fM 
oq:t~niuli<»> Jivclllbe Rppticatioo sysrems ~lriev,ol.;qui~ 
meots, and ;;ven a panicular d;~almoc rn;,n~em '~ oySiem 
(DBMSJ for che imPICm<!nl~tion. A mu.hHevel •p¡>ach !<> 
the dcsi¡.n of file or¡;,n.iz..tion• k propa ...... 

Uolng a mulll-level "PP"'"'"h lo the de•i¡¡n or IT o~ró· 
ulfono !he followin~ udvanl~el cM be a<:hleved 

• trM<J>llrency ol tbe deoi'n proclldurc, 
• efiminMion of non·offcctive solution• ol ~n "'1 sta~e. 
• ho!dw~ro/soflwarc .. leclion C':IO be pOS! poli< unli! 1hoe 

· approf><bl• d e•i~n leve! is reached. 

The multi·levc! desl~n p-i>Ced~•• Chal io pro¡-"d bcre 
conol•t• ol 

• specllic~tion of rbe lnformoti<>n P""'u<in~ · Nem, 
o lr~IIS/"ur<n.uioo o( !he •pCCilied iof<>......,li<>~ ructu<ft 

lnto a lo¡¡kal madcl of !he file orgonilulion. 
• mOdlk"li<>n oJ' 1he lu¡¡ico! modo! lo flt l•Micular 

ODMS, 

' . 
"' 

• pby1ic~! implcmcnlalipn nr che modlned !I>Udcl u llna a 
P.'nlcul~r DIIMS. · 

· .• c•olu.otioa or thc final oolu1iun usina • pe<formron~:e 
a~>:~!ysis. 

' ,-,. ~ariot~sle~e!s el !he de<ip proc:edure are d01cri~ 
wilh rco¡>ocl 10 1bo ded•l<>ns whlch ha ve 10 be mude on 
each !evcl, lbo neoessaty spocilic111l.>ns o( 1he appllcalloo 
problc.m, ond 1i>c: DBMS 1-f"'CÍfiQIIons. 

~: 
THE INFOI!.MATION SYSTEM SPECIFICATIONS· · 

We ohnll concemra1e on ¡fía_¡ pon o/the illfonnatlo'l. 
sy<lem spociflaulons 1h.11 ~re relr>oanr'to data base dnJan:_ · 
71>e- spocir.e<1tion• m<>SI mClllcl!hal pon of lhc re.! worfd' 
which ""' ore inlerc<lcd In. the ob,jcct sy!lcm. n.o ol!lecl" 
aystem consisll of 1 fin.ilc number ot objocls, A n ob}«l lo a · 
unlqué pan oC 1be real worlcl. 11 ia l<lmclhina we~.., . 
inleresled In, somclhins wc "'llnl inf..,.malion about. Ob- . .-•• 
_iects moy be co...:rete as well u a!>Sino:~ entiliea, la:,;:·. 
f'N1oJI.l, enler¡>risq, onlel"l ele. Two ltinds o( feruurea o(· 
on objecc nre of intcresl: thc ¡,ropenlea of thc objl!aa ~ 
1hc relallonsh!ps bccw~011 the ~ 
0~ fll 1 I)"SICm C ... bc-~ltlooned Jntii-Ob;tct 

daoso:s. An oh,iccl el"'" dcfi""- a so:t c( objecto which, tor 
our purpooc, are ~>~pposed lo llave 1<1 mllnY coonmoa 
pi"Oponj .. IJid relalionohips 1/lol WC Uob\ OM COJIIIIIDO" 
IYP< ofidcnliner lo eoch uhjcct in !he act, . 

Relalion<hi,. betwoen nhjcct• ean be deseribl:d ~y rOIU-.': 
dlff<r<QI typn otbi""'l' rel:uiuQs: · 

1 : 1 011<'-/<J·tNrr r~IPti<J~ de,cn"bn a re'-liooshlp. be!,...,.., 
u nbjec1 o( onc clan ~11<1 an »bject o( liJe ....,.. « a 
different ubjocl d~••· . 

1: n <>~<'"-'"''lliiiJ' r<"l<tt!.m d~seribc• a relallon•hiP be.' ; 
•~•• onc objcc:t o( """ ot;fa rlua Dlld m~ny• 
ob_iecla o( 1he a.:unc or a clilfc1'1>111 ubjccs cla01. · .. 

o: 1 ~tm~J'Iu-uM ,..¡,,¡.,~ ia lht inversc o( tbe 1: n ,..r:uioa 
de~tribed abuve. 

11:11 ""'"l'"'•rn~a"J rr/olrlt~n edsl$ it bolll che relatioa .,.,¡ 
la hl•ersc are J :11 rclmed. 
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' , ...... ~ ' ' ' " • ,.~ " ' ' "' • 
• •r '~ -·-1101. ..... , "''~. .. 

ObjOCI• 
~-

Objoer. 
Clou ·-

" ,,..,~ •• -., ~ ....... . 
,,...,,n ... 

''"~Y 
~. 

Tormo r .... , 
~ .,1 ••• ' ' ' ' ' • "' ' "' • -, .. , 

Th1 dlffcn:nt r~ntureo ol' an objKI 111 lnuotmiC!d In 1'1¡1111 
l. TIIC n~u"' <huwo how ohjectl nro n:lnt~~ lO nther 
oh,ltcl•· nn~ huw IJ~ntillcr-h~mo nnd prurert)"l!Cml ore 
•U•..:hC'd ttr ub,jo:.:1o. 'lb.: "l'¡ltc1 <ko<:riptlun ¡, Ulustnued 
whh un uumpl~ In Fl~ure l. The unmplc ohllwl lhot 1 
cuolum•r muy ha~• o numl>cr or ordoro. Tbe tuolomer l1 
ldcnllllo!d l>y "cuotumer no." Olld ~~~~by tllc prapcn1 
lt~m• "numc" unJ ''nJJrcu." Onc urdcr lo ldut!l'lnl by 
''ordcr nu" nnd hui thc pr,>perly h•m• ''lotnl 111m" ond 
''urdC'I' •~~«· •· · 

In un lnr.,rmnllnn pruo:c.•ln; IY!Icm, ln(Mmntlun ohout 
Nnl "''"'" 11hj~ct~ uro ••ured In pennuncntlilc1ln 1 ODM9, 
lnfurmntk>n ul>loul uhJ«t• 11 nciiii~~~Cd l>ctwcen.diiTcl'l!lll 
fl;lrto of thc lnr.,rm:nl~>n rnl(c .. Jn, oyorcm by ucllnn~ln¡ 
me'"'''~' "l">ut lhuo.r uh,ll!cl• h.!tw..·on rmc:eoon. A ~on­
•cnl~nl wny ur •ro:dfyln; · tlll• lllfdrl!llltlo>n """' 11\ll~ bol 

~ 

,.._.. 
1 :~ e""..,., .. !iwnprm Ng 

Ty~. ... ~ 

"' 
J '' 

º"'"""" •. ~ Tolollum 

-. O.oltrlpoc. ' 

oblalntd ua!na tllt pr!~lplt ol' hlmn:~k:ll 1~110m1 !'llnl· 
tlonlna. Thl1 wlll leod to 1 ltYII·h)'-lt•tl ma111 drla!lod 
apcdflntlon al tllt applleallorl oyotcm, ~ tlw 'mn!lllll 
elcmcntl "''~~~ ho .U\>JilO«<IIC:I an~ l"'!lcal m,., 
. Wt ,hnll lllu•tn&Le 011r ptupi>IUI tOI' 1 mu1LI·1toit1 fllt­
d.lolgn pn>«dutl by 1 eue, whlch wiU bol 1 &lmplitlcd 
modcl el • "'11rc~o:iuu IFiautl 31. Tho •r•tcm h&rfdln 
cuo1urncn' orden ror ~<>oc!•, lt control• ~uantll~ In 11ock, 
and 11 produ(to rrflll nnlm for tht venden. 

Suppow 1M1 a runllcr detallllll or th.l OR.Ili!R lrlAN. 
AOEMI!NT IYIIGm tUulll In lht IUbiJIICII'I IIIIICIUtl el 
Fi;ut1 4. Tht I<>$1Cill fllft "STOCK FILB" and "CUS. 
TOMER FILE" teprcKIIL ptnno.Mnl ln!onmtlon, "MI 
tllc lu,lcol flln "0RDER!.'' "ORDER ACCEPTED,'' 
"ORDF.R RI!PUSED" tnd "ORDER REOISTEREO'' 
r..preocnt muoa~ ucluu!J- bcl"'"a pnxtun, 

The elcmcnll ol tht lcslrPI fll11 can bol dtscr!bcd by 
II'ICII&¡II typn, ' 

lf Wl IUppoK 111111 0111 CUIIOmct 11'1:1~ ;1 .. tcYirai ordtrt, \ 
~n~ thn1 ane onlar may conalll o( 1 numblr ar anl•rllnll, -
the CUSTOMEft FILE tll""ftll un bol ljiCCII\ed by the 
'"''~~~~t'rfl': 

MTtCUSTOMER PILE)l 
~~JI<ltrlrr nn, t~lldmer llllfnl!, cu11omer lddraa, 
lan.!cr no, ll>lnl prlc1, 

(ordtr 11M na, anklt no, anlclt nam1, 
\ lint prltt. numbcr onlttld)) · 

' . 
whel'll ldtntlflm. are undertlncd nnd bnockru. ( · ) t~prc~<~nt 
repcatl..,¡nwpo. · 

E.icb uf lhf pcnnnMnl nln 1tav1 10 bol JJ~«Iflcd In Ibis 
wny. Th• p¡:rmnn~nt fllu •re the bula tor tht deolgn .or .1111 
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le or~anlzaticn. Thercforc, one h.•s te describe lhc actMty 
etween thcm and thc! informatlcn syorcm proecuu. ThU 

can be done with opcdaltypu cf pr<:><:eucs, called rorrlt~·~t/ 
prouurr. Each informnlion systcm proc:cn lr\Qy contaln 1 
rwmber of rctricval proc:t'IUS. 

Eaeh of thc rctricnl proccuco m~sl be one of thc 
fcUowin¡ fcur nlc opcrationo: 

READ, 

UPDATE, 

WRITE. 

DELETE, 

the retricval" proc:c11 .-cado. clcmcnt{!) 
from 1 pcrm.:tncntlile. 
thc rctrieval prcccss ch.an~cs onc oi mere 

· prcpcny 1erm1 ofan cle=nt or 1 pcrma- ' 
DCA! lile. 
the rcnieval proc:ns llotel ncw cS. 
mcnl{o) Jnto 1 pcrrnaMnt r~e. .. 
thc! ntrieval Pf'CCCII rcmcYn cle,...nt(l-) 
from. permanent m •. 

A nttícYal procns must h~ve cualy opcciflrd ~..-clt. 

hys." Thc npcetcd r01uU muo! also be opeclncd. Thb 
lp«ifkatioo m~y be a dueriptian uf whlch parto or lbc 
pcrrnancnt tire sh:tll be rc:.d. arlt m.:.y be 1 dcocription el· 
thc meuo~e(o) "''hich ohall ¡,., stmcd. 

n.. sr•tcm ot Ft~urc 4 ccno.l<to ot IWO ouboyllem.s, 
ORDER CHF.CK une! Rl!GISTRATION. Thc ouboy~lm 
ORDER CHECK h,,nJlco orJ~ro from thc e~~stomcro. 

When an arder arrivco. the CUSTOMER FILE is cbcc:kcd 
11oec if thc customer is ~>lrcady rc~istcrcd. lf not, ooma 

--llcn h31 to he l~kcn, for inotance, 10 rcfusc the arder, ot 
te prod~ 1 cuotumcr noimber r..,.. this ullomer. Bcr..., 

- '. ' 

H 1 .' · 

the e>nler ~an bo aoecrt.:d, •n ord" no1m~r ha• 11> be 
produccd, ond lho qu"ntlti~• iJt ''""k ur lile ·~cificd 
ankl.n b:ln ta he chctkcd. Thlo o.uho)'l<10111 ,.,11tho:rrluro . 
ccnuoln two ~ttícvnl ~"'""'"""• ""~ fllr ~ho:~k!n~ lhc cu .... 
tome• file, and """ rur chcekl"' tho: 01.-.ck 111.:. n... kcy• an 
dc1101cd ~y k l•key) and thc cxpccteoJ n:su!t hy O !•out•; 
pul). · · 

SI: Check cu•tumc,.filc 
O~mtio•n: Rl!AD 
K: -cu<h>tncr """"' 
0:" -cuolo•mcr nc. 

Sl: Clleok •ILM:k·fol~ 
Oper;atjgn: Rl!AO 
K: -anido na. 
0: -<!U:ontioy 

Tho oyotcm REOISTRATION" 11orco ncw orden lnd. 
pou!blc llCW eu.úlmc ... Thc n;iotnatkm of ncw enSero caa 
be Oluotnued 11 full<>wo: 

Sl: Ordcr rrg!stnalliiO 
()pem11on: WRITE ., -custcmcr nc. 
-<llllcr no. ., 

o, -arder 110, 

-letal pritc 
-arder-Une no. 

l -nicle nu. for eiOCb 
-niele nor,¡e ordcr·llnc 
....fonc prke 
-numbcr ordc,..d. 

.. 
lf oll thc· ,..trleval proceuc1 ddlrcd by lile appl~~CNI 
•ystem are dcscribed In thls ""'Y· ttlen tha oppllcatlcn 
Pfl'I11'N eu be ccnoidcred to ccnallt f1l ntrinlll PfOo ··.:· 
ccssct worldn1 IOWllrdt a ccntml doto bale contolnln¡ pe" 
manent rilu tFl¡:un $), Throu;h the speclficatlcn ot lhl·. 
appUcatlon prcblcfl!, wc haYC nuw deo,clopcd • baall fot thc! 
dc•iln of a r¡,.¡ lc¡icul model of thc lile orpnlzatlon. 
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OESIONINO A LOOJCAI. DATA BASE MOOI!L 

' A ln¡¡lcal m.><lel or tbt filt orp.~lutlun mu11 uda(f tho 
r<>!lowln¡ ,...~ulremcnlo: 

o 11 mu>l N: cnrhly h:,.cd u pon lhc in(,,.rmrion on•lrola 
1Lc .. 1111: a pri11rl kn<>WI<d~ ni' rhc ~pplkuriun prob­
lcm). 

o Ir mU•I llltl,rr th~ rcqulrcmcnll ·~cincd In thc lnror. 
matinn anulyol•. i.c .. lhc rcqulremcnll d inl"orm:ulan · 
llrvcturc -..nd thc rcquin:m.:nt• nf retrlc-..1. 

o h mu•t invul•c ~ "t.:•t pu>orhlc" lndcpcnJcnco be· 
twccn thc dc>IJncd d;ota otructureo ond thc •P"J(ied 

npplk~!lon Prtlll"'"''· 
o lt muo! be •~•Y lo rc11llzc usina uny P"l11culor ODMS. 

Thc dcoi¡n ot thc lo!Oic:~l modcllo done In threcmpo: 

' 
11) Ckcumposhion ot thc "'-=•~ type1 
121 Synthcrolo ar thc d...:umpoocd mcn:o~• lnta a modcl 

which oottlir.c• thc lnfurmation requlrcmcnto and n. 
nally 

(l) A m<><liflcation ar thc modcHn arder to o:uiol"y tite 
rctri•vut rcquircmcntl. 

Thc dc;:om(><l•ition P"""edurc lo dml!•r to thc norm~IJ.r.a. 
tiun pr.>ecdun• pr<>pu•cd by Codd.' whlch reoulll In an 
clcmcntlll")' t;J,· •YMem.' Thc IIOI"INOIIu11on of m"'"'l" 
¡ypeo ¡, a thn:c·M•Jl prucedurc: 

l. f.llmln~tiDII ur rcpcatinl ~tJ.IUpo. hicrorchi<::ol otruc­
tur. ... '" nctwork •tructureo, 

2. l:.liminat!on uf non-MI dcpcndcncc en thc prim•ry 
hy. 

3. F.limin:ollon cf !nmoitive dcpcndcnoe bctw=cn thc 
propcny termo. 

Thc dcoumruollion wlll be lllu.trutod wlth nn cumple. The 
pcrm:oncnt lile CUSTOM ER FILE. w¡u dc...:ribed 01rllcr In 
the followin1 ....,y: 

MI,: ru>r<mrrr ~~~. cu•tmncr namo. ou<lomor addruo, 
(llf\lcr nu, tulal price, (urdcriine na, 
:onklo nu. nnidc """'"· ~~~ pricc, 
numbcr urdcted)) 

In thl• cn•c 11 ropo:otin~ ~roup 1• '""'-"diruolc to onothcr 
ropc~tin; ¡:ro"'P· ~nJ thc r,,.,., •tcji ¡, to> cllmill:>te tbe R,... 
r_cpc~t"on¡ '""'P· Tho mo .. :o¡o 1Yf'C 4 thcrer"rc •pl"ot into the 
m~·.,~· typc:o: 

M t,: ..,,.,,.,.,, ""· cu•to>mor na me. ou>t.>m<r uJJrc .. 
M t,: r·u•l••mrr ""· ,,¡,., ""· tnlal pricc. h"*rlinc no. 

· nnldc no. ""iclc MmC, linc ¡>rice, 
numbcr <>rJored) 

Thc Jc•cripllun uf"" t>rllor 1• t>nly dofH'ndOnl un ""t>nlcr 
no," nut-"cuot<>m~r no."" Thc mcua~ IYI"' Ml,ls thcra-

r ...... oplitlnto: 

MI.,: ruJ/um~• no, <>rclrr"" 
M 111 : Ordrr ""· 101101 pricc, (ordcrilne no. utlclc no, ri ." 

de ~~:~me,llnc price, numbcr ordcred) · · 

An eUmJn.1tlon g( thll:ut rcpco.Un¡ poup rc1u1to lll: 
.. •.. 

Ml 110 : ~,J., nn, total ptk<tt 
M 1,.: arJrr ~a. utrlrrl/nr ""'• anklc liD, astlcl• l\llnle, 

Tn!c pricc, numbcr arde red • · . 

In muoa~ M t.., tbcrc lo • tranUth•t dcpendcnc:t bctwcca 
lhc Propcny termo. "anict. nomo" lo dependen! on •·anlc1e 
nu," nct thc ldcntino:r otthc meunac. The n>eoU,t IYP. lo' 
tltercfotc opll! illto: 

M t.,.,: nrdrr nu. nrrln//nr ""• anlcle no, 11111 pric:t, num­
bcr onkred 

MI_: nrtldrno, anldt """"' 

U•ln11hlt kind .,-nolmlltir:uion procedu..,, tbc men•p. 
type M t, ha• t.:en decompooed lnto !he Rvc m<:oP¡¡e typco 
MI,. MI,, MI,.,, MI..,, ond MI_. T1>e de<:ompasltion 
w:u cntircly bued up0n opecifocation of che appiiCiltion 
oystemo rc<¡uircmcnto, i.e., lnformatlon aboul abjccto and · 
m<:1~ ,typeo. Norma!iutiDIIls a rcvcnlble proceso. That 
mclllto ct.,t the -ori¡:inal meo~ I~PH con be re«>notructed, 
~nd thercfurc no lnformntiun hns bccn Josl. · 

In che nmnplc ol Fl,ure ), lile oyotem contalns. lo 
· nddhion cu tl>t CUSTOMER FILE. al101hc pcrrnancnl files 

STOCK "FILE! und SUPPLIER FILE. Supp01e that !he" 
permanent file STOCK FLLI! ccn!llinl mco..,a whicb 
deocribe \he variCIUI uniciCI lo 1\0c:k. 1nd lhlll cach ank:le 
may hnve •••cmt sub•titutlna olllciCI mnd acve111louppllen. 
A puuible llo:camposltloft ml¡ht be: · •. · 

J.U,": drtklr no. anlc!e namo, qwrntllf, prb 
Ml,: ortkl; ""• art/d~ ... 
Ml,: ortldr no, s"''pl/u no 

Suppooc tlw SUPPLJER FILE eontáta IIICIQ&CI ..... ich 
de•crihc thc """""' ouppllcro and lhool onc ouppller may 
deliver oc•~ral1111ic!co. That oupplicr may :tl10h.ove acY<rjJ 
reliD ordcro tc¡istcn:d." A. pooUble d«ump>ohlun ml¡ht be-: 

. Ml,: . suppll~r m•. oupplicr n;ome, oupPiicr oddn:u 
M:l,: supp/irr nu. <trtlrlt-
Ml,: surpllo•r no, rr/111 ordo"r nn 
Ml,: rrjl/1 .. nJu ""• numbcr '"!"'lcd, a.rtk:le liD 

Sorne ,,r !he mcun;e typc• ""' hl.;,ry relntlono whicb 
rcprcqont rclatlo>nohlpo bct,.ccn ohjocto. Fur cumple-: 

· M t;, ,: r•"'"'"" ""· ..,J,., "''· ropr....,nto • linory ·..,¡;t~IO<I 
ho:twecn tb~ uhjoer. ur ¡he uhj~cl oi:I'JCI CUSTOMER anol 
ORDER. Oth~r m .. ~·u m;oy dc..itlbol. pn>pctti.;, ol aa 
ohjttt. rur nllmple MI,: rou.mmrr n~. cu•tomú """'"" · 
cu•hrmcr u~drcoo, 

l!onmlnln¡ !he ll"lc:Oil>;c !ypu, """ mar detcmtlne llw 
' 

1 
' 

\ 



~lation•hip< h<l""~~~ thc v"rlo~s me> .. l. This ,..m be 
IIIÍmr~tcd ,..ilh ~•~mpl"': 

Cl) The "''""''" tyl>" 
M In o' tiO'I<>mrr ~"· '"Jrr "''· 
d .. crihu nn J : n r~lution!hip t-.:tw~cn "'"''"~•• !don· 
tiiiiPd by .. <~S~om.:r no .. 111ld 11'11'uae;1 idenliiiC<I by 
""onf"' 110:· 

(2) In tht ....,, .. ,~, ly,.. 
M lo. u}JI omlN ""· numbcr """nted. anicle 1)0. 

tl>c oec<>nd;uy kry. ··~nklc no.·· i• u~ u; a prup~ny 
tum. Thls lndic~tos an: 1 ret:ui..,.,.hjp bct,.oon mn­
'"~"' tk-finod by ··r~fill ordor no"" aod ···miele no:· 

Thc reoulr or such an ••~mi,..tioo i>.. illul!ra~ in 
Fi'ure 6. Q,.,., ·..,~y ob>ervo that thore ore bulh u J:n 
rel>tion•hip om! a n: 1 rcl•lion•hip bct~en ··anil;lc no"" 
and ··•uppfocr"no."" This implin tl>c ni•tcncc of a n:n 
rcl~tionohip. . · 

The lo~ical mod~l moy be reproscnled in a convol\lont 
..,.r. us!n1 • data otruelurc dio¡:r>~m. ~dota structure 
dla:ram hao two baoic elcmonu: boxeo nnd ortows. ll~ch 
bo~ n:pn•onts • clas• ol record• (or n J"ilel and eoch """"' 
reprcsenll • mcaninsl"ul rclati<>nihip bctwuri recon!s. Suoh 
a di"!!nllfl may casily be dmwn usin¡ lhc norm:di•ed 
'mes~ trpe>. Mesu¡¡e type1 may be ,..p< .. enl<ld u 
bo~n. and ~ 1 ;n rcl41ionship i• an arrow lx"tween t>ux ... A 
n' n relatiwuhip iJ repre10nted ao K couplin¡: (or • rci:Uiol>al 
file) bctwecn bo~n. 

A data lln.cturc dioaram bó11ed opon the norrnnllted 
mona~e typc:s ot tho ""'""'rient foil!> CUSTO)IER FILE. 
STOCK FILE 11nd SUPPL!ER FILE is 1hpwn in Fi~re 7. 
Thi1 1• a JO~"ocal model which sall!r,es the roqulrcmenls ol 
thelnformatioa Slructureo. 

Cultomtr No. 

Or'*"' No. 

Otder No.. 

o;dorll,. No. 

·Artldt No. 

Ro!;Jt Ordot No. 

Supplior No. 

1 :n 

F"o;.,. 1-1<\Wooo,¡,¡,.o .... ,...., ioko<lfom of11>< ....,...;,.¡ ,..._. 
' 

-
•• ·-

-

-·-""""' 1-Diu..o ..,., ... - o( .. --.L!nl-..,., ... 

' Th< ~XI stop ol thot ,¡,.;¡:n pr~>~:<dure io aill'll'lf 11 
SJ~tiofyin¡ lhe rclrioval reljiJircmenl•. Suppo~ thut both 
""customer no"" and ··~ustumor .,~··are I:K1J 01 ke-y' by .. 
dirrnent "'triev:tl """'"'""'· uod tb:u tl>r •••ponsc time 
requiremonto cxcluJe a K<¡uonll:o.l """'""''"• n( thc CUS. 
TOMER FILE. A modif~~;~~lioo oi\J.r <bla ilt\ICIU<e dia- · 
v•m ;, Lhen n«cuary ¡Fi,urc 81. , 

A learth lile o".,nsL<tlnt uf ··cullomcr n:unc·· il Oll.lb­
tlshrd and 1 : n-reluted to thc ""''""''"' lile: U1uatly. the 
re11ieval rtquiremcnls "''!Y !>e Ol!li<fled "'lablishin¡ ~~eon:h .. 
file• in • ,...Y simiiMto Lhe onc illuw·.¡Jed ia Yl111re l. 

Suppose funhoer ••~minations olthe retrleval procn""' 
oho"" that lhe itom• ··anicle no.:• •·ankle r>;~mo:."" ··wP. 
plior no·· lUid "">upplio:r namc"" ~W rctrkvol ke1•· Nt«t­
oary modilic"tlunt uf tho IUjliOal mo;>dcl muy rcsuU In a da\1 
llrllOIUre dia¡:r.¡m 11.0 o.b.n.-n In Fi111re 9. 

A l""'al model t.;,, n'"" t>een JeveJU(ICCI in rhr« dcs!p 
otepa. Tho firsl •r~p. """"mp..,iliun t>l m~s~. was b...,od 
on ~•'""$• d .. ~riptk•n and n!oj= .r...rnptioft.. The •rntbe­
sis ..r tl>r doeompo .. d meno¡:co wo.s h><Kd upo~ rebtlo.,. 

·--
----·-···-- ' ----

Fipr< J-ll••hllnlloo ot Cusrtllo!U Fli..E 10 ..... rr m.s...r . ,,...._ ., 
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•hip< l>etwocn Cll>jcct•. Md tho ""ultint m(ldc! """' mOOi· 
nooJ. "''"~ infnrm:uion ahout th.; rctricval P""'"" .. ' and tho 
rc>pon<e timo Nquircmen!l. Tl111<, ~ l"!'ic~l rnuolcl '"' tlle 
filo orj!Uni'-'lti<>n ha> IH:cn dtvei•>P<-'<1. ><ithuut ma~in, :ony 
dcd,Jono nll<out any pankular DBMS. 1llC cntirc deoi¡¡n 
proccu i• rc>er<ible. Thuo. thc ori"n:.l inf""""tlon SIN<• 
turc.cun l>c: IW<>nmuc!C<l, Md thc r<4uiromcncaotul•-d In 
thc informmion 11nalyol• is lllcrcf""' .,¡i,¡jfd, 

FITTING OFTHE LOGICAL MODEL TOA PHYSICAL 
M O DEL 

TI><: Mll <ter in tlle d.,.j¡:n pn>e.-.Jurc i< to xle.:t 1 

p.onkul:" Dll MS. :ond modify thc l<>¡:i'"'¡ m<><.lol in ,,,Jor to. 
¡!ive ~ ••¡,,¡ l""'iMc'' ph¡·<H:al "'lut~>n. In tbi. J"J>"f lbr 
cff,,n, .. m prim;nily 1>< dc><>t.-.1 h> DDTG-Ii\c OllMS. 
,.,n,_.,,.,. P"><.luct•. hui mn't ,r thc pn•hkm• .. -m neven he· 
le•~ 1>< uf a ¡!Cncr~l dur.><ta-, 

Thc "v:til~hlo DllMS m.oy bn•·c «n:oin "''tricti<>no. lih: 

• thc OllMS ,¡,,... MI oll•- n.:tl<orl;->li\I"UfCi, only 
Lrc<·"ructun.'l, 

• !he DIJM~ al!..•-..·• dire.:t """"" tu unly 11 llmil.-.1 
numl">er o.>( hi~r:U\,hi.:ol]ov~b. 

• th• llllMS :oll<>w• nnlt· ~ ~cnaln numhcr of hior:on:hi.,~l 
lovds 

• C<'mhination. ol" lho r«tri~tinno ""-'11lim'l~.l abo.>vc, 

&:~ti.t'y lh< DDMS n:olrictlons. Su~stltulloru ol' l!o!s b~ . 
ln....,ncd lilll will "'""lly "'lvc thuc prnblcms. 

Thc nc>t otcp il LO m:ake C<:r1ain R<l}ltOt~Mals or tllc 
l<>ti,·;,J model in ordcr to: ~. 

• ... ,.,mizo lile numl><rofblPC:k accenca. 
, • .. ,mizc thc 4aPo volumc, - •.. 
• -~ ... miu !be tnnopon of d:tta bct ... ~cn memory aRd 

,,,~ Jata mea. 

Unfortun:ttcly, those l':lcton are ronnktlnl, and an Dpcta­

tiun whkh Htkco o.ll"thc factoro into con•idcntion mu.sl be 
carric:'ll oot. Onc m>y abo notit:c th:ll lh.e leu complu a file 
nr¡:.>niL1!i~n io, tlle ft>Orc it oimplincs •uch oper~~ticn• u 
lnitbl ¡,~,di~. rcuz;.oniz.otion Knd n:port¡cncr~~tlna- . 

Thc lo;ical mudel dc-orn"bca U.. reconl dui¡n aftd tbc 
choice of ncceu p:ulu. Any ndJustmcnt uf thc l<>gical mOdcl 
must lhcrcfore eithcr rnodify tbc rec-ord dui;a or tbc 
choice of acccn path1. A modif~eation of tbc =:ord d<si!P' 
which huo lo 1llliofy thc information III\ICIU"' roqui,..!'J>ents 
muot be a d10icc bot-CD Cloriog of duplic-atc data itcm 
valuu nr thc uoc of rcfcrcncco. n.. modincation of the · 
nccen f"'Íh• ¡, 1 choice bet"'ccn thc: u•c ofliots or in...,rt.-.1 • 
lim. 0\oplicatc otorin1 uf data...,,¡ bo i!lul\rat.-.1 as sbown 
in Figure 10. ',, 

Thc prcscnt vcr>ion uf thc l<>~:ical modcl dcS(ril>u tlle 
Cll•tomef• a• lllunnued in Fi~urc ID!al. Suppox mony 
r<:tricvHI p....., .... , QfC frcqucntly uo!!\ll "cuotomu no" 11 
kcy and ,.·aot lnfurm:ulun :.bout "cuota""'' name." SI>Ch a 
oituatiPn "'ill rcoult in a 1•11'• numbcr nf ncccnn from tlle 
mcmbo!r record• to Ch-e owncr "'~ords. Aft .oltcrnati~c 
venion of t~ rc:cord Coyout il lUuotrateJ in Fi~n: ct](b). 

The itcm '"~u't"mer name" ;, stored in hoth the owncr 
f<Cordl ~nd thc memMr rccoñ:h. Such a <alutionwiU n:sult 
in a de.:,..a•e in tlle numbc:r of ......... an lncn:as< in t~ 
file •izo, and on lncreo10 in thc dAta n::od and written. In 
onler tu find tbe beat soluti<Nt onc hn to .. ti=te tbe 
dccr.,;uc In nceon cnotÍ """"' tite in<rc'ISI: of input/ou!put 
ond 01orn1e COICI. 

Con..-quc:ntly. at thls lc~cl of tite d .. l;o proc.-.lun!, thc"' 
io" nc...J fur on uMiy•i• toO! which moy be uxd in m.oki!\ll 
••~h ••tim:al ... The on:~lysls tuol muQoati.ty tlle followina 
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condniono: 

• lt must be l"'"iblc tu pc:rl'<wm "'1 arulysio whhOüt 
m;¡kln; nny d(thlun• •l><>llt r/IY<icl ro•IIUltion. 

• thc nn.1lt>l1 mt111 ht b;l•cd un M doocription e( u,. 
lo&icl\l m<>J~1 ;,nd th< r.:tri<vul ~'"""".,.0· 

• \he nnalyllo m u" f<><Tn • t.a.l• fur 1'11:1kl111 deo;, ion• ol 
tbe typc mon~ioned ;obo~c. 

Tho lu,l<;ol modd <lc•cribeo lhc (llo orpniL11ion. and thc 
rotri•~•l '"'"""'''" dcocrit>c thc u<ti~ity a;<•in<t tbc lllo 
or~•ni:•ti<>n. C'M""<¡ucntly. it ;, f'<li>iNo t<> de<erit>o the 
~ctiv!ty hctwccn th< di!Tcrcm record typcs und tho actl~itr 
ben•cen rccunl1 "·ithin tbe samc rcconJ typc:. H will be 
ohown Jatcr th.:u ouch • Jcocription r. u .. ful in m:tklfll: 

·" dcdsiun>. aboul lo~ic¡J rcotructurin~ or •bout physicul rcoii­
Ziltion. 

A l"'n of thc crd cr m~mCII1 •r•t•m dc .. ribed in thc 
previOül uc:tiont io shown In Fl~ure 11. Suppose 11tr 
followln¡ rctric~.,¡ proceso cxlo1s: 

SI: Re~ onler 
O¡,.notlon: READ 

K: -on:lcr no 
O: -onler no 

-tot:tl pricc 
-orderline no 1 -•liclc no , 
-artldc name 
-Jine pril:c J 

foruch 
ordcrline 

Thc pn><:CII UICS "ordcr no." Q by, ond iiSICCHI p.oth Js 
lllu,u:atll<l with a do!tcd line In Fi¡:urc 1 t. n1~· maY cbs<Ne 
that tho proc"'• re•ulls in transi1ions ¡,_., ::o lh< record 

..... 
' 

Orile.ftna 

( _____ ;.SI: Rood Onltr 

• 
' ' . ' ' ' 
' ' ' ' ' 
' • 

. 
Anlcla 

/' __..-

-------------
-

K: Or<lor No. 

O : Order No. 
To~>l P,.Q 

Orderlint No. ¡ 
Anide No. FO< Eoch 
ll"" Pti<o ·Ordt<!Jno 
Numbot Orclorect , 

filu« u-nt·~""' "'""' .. , ... ,. .. olo 1<trl<>o1 _ ... 

Dcli¡;n o( File Oq:;oniz.1dun1 .11.1 

1Yp<:s ORDF.RS und ORDHRliNF.S niKI l>cl"'<en OR1lF.R­
UNES nnd ARTICLES. Th= tr~no.iti<rns are collc-.1 ro­
triovalo o( the fl<>1 kind. "" «dcr .,m ~'""!Ir c...,.;,¡ <>f 
"""" tl>:tn <me <>nlct!ine. and lhcre wil! be tr:on.;itiuno 
bctwccn the rcc<>nJo In th< n:c.onl t)'pc: ORDJ'RLINI'.S. 
ThO'se tron.Ut"•on• ore coll<d retri"""~' ofthe ... -.:,..,d lind. 
Sllppo.,. !he ave""'" oumt..r ,,¡ untcrlin.."ll pc:r nrdcr i• 
oc....,n. The rctri•••l 1"""~ .. SI 1ht:n will 1"1:•<>11" in en.:· 
rctrioval of tho flr..¡ klnd I>,:IM'<Ctl u...,r 11nJ 01101-.RS. !he 
.. me: httW<"<n OIIDER.'l Mnd ()ltDJ::Itl.l NJ::S. •i• <••1ri•"'"l<lo . 
of 1hc «<cnJ kind ~<ithin rhc '""'"" ~~"" ORDF.RLIN P. S, 
unJ llnall~ ••••n n:tric>~l• uf ¡he r,.,, kirkl l>t:t"wn OR·,. 
DERLINES ~nJ AltTit"LES. 

In onlcr to dc..:n"hc thc ,..:tivity in tht: dota t.. ... ooo hao 
te lncM.· thc frcqucndc-s of the retri.:V".~ P""'"''"'· 11<><1 the 
ocauoñna f1101o"' whkh ""'a rcoult oftr~n•i1i<>n• bet"'""" 
thc dirrcrcnt rccurd \)"p<'o. A tr.un;tl<"' fru111 nn .,,.,., 
record \ype lo a mcml>cr rc<onltype ""'"11• in u ICIIII<rin¡¡ 
factor equol tu the OYCragc numl>t:r or mcmbcr ~ords por 
owncr record. 11 should be ubvlouo tl>:tt tr:on•Hicns frum 
vscr lo a n:cco-d type and ¡r;,noltlllns rrum o. mcmber tttord 
1ype ¡o Qn c>wner recont type reoul1 In 11 sc•ucrln¡ foctur 
equallu ono. ' 

Thc a~tivlly in tllc dot:t bo.<c may ht rtprcseattd ia 1 

matri• (sec Fitu~ 12): 

{"\J, 1•0,1 , .. -, n and}-1.1.-·-,a 

""'" 
D 11 the number e( rt<ord typc:o 
.... lo thc autnbcr ul rctricvall ul !he f1n1 kind 

frcm u ser 1<> r«llnltypc no.¡. 

•• 

.... 

1• 1,2,···11./• 1.~.---.n •11<11+} lit he numbcr 
o( n:!ric.....to uftho tim kind rrom n:conltype 
DO,/ IP n:conltype flll.), 
11 the numbcr of rttricwlo ol"thc ICC:Ond kinci 
wi¡bin r«onl typc DD.j. 
• • r .., , .. 1 .2,---,11 11 the l<>tal number of ,.· ... . ' 

Supposc tbe retñcvat pm«<l SI ls initlotcd 100 times a 
doy. The.,omplc deS<:n"bcd in Fl~n: 11. then rc•u!to in tlwi 
rctricvlll m•lrix ¡hown in Fi~un: tl. 

1llc beh:.vior of 1hc retricVlll pn><:cs>CS wiR be d=ribtd 
with a fo:w more u:unpt.,. F01urc 1~ obowo the l<>¡:ka! 
model d.,ignd in an ea<licr •«tion. Th~ numb.:r. wldlln the 
boxeo arethc numhtn uftl>c •r«ifoc na>nJ typn ~nd thc · 
numbcrs""' thc arTUW"< •re tl>c """llcrin; fa< ton r., tr~n.i-

. ticmo fmm an c,.ner ,.,.,,..¡ 10 thc rnember n:cufl!o. Tbc , , 
occcu J"'lho cif fuur rolri<••l pn..:c< ... ""' Jr~wn "' doUod. ''­
ti ..... Thc utriev;ol pn>ccss SI h:u t..C.. dn.Cn"bcd urlitr; ,; 
IJid a deocñptlun ·cr ohc rcrnaininc pr<lCC"UC"I ,¡,,.a·in·:,• 
F01"rc 14. "'"Y t.. o. run...,..s: 
51: · Read tustom.:r "'""'" 
Op.:mtion: 'READ . 

K: -<=ltStomcr DIJ 

O: -automer ~ 

' 
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"SZ m ' ' --- 1 ---- . ' 
. o . ., "" ·~ 

' ' 
' "u "" ' ' ' ' . • 

' ' ' ' 
' ------- "• ' ' ' ' 

"' . ' 
' 

"';¡ 

"• 

"" .. "" .. 
lo tho num!lur 01 record clusn 

11 tht number clrotri .. olo el tht fim kind frcm .,..,; 
te record duo nc. J. 

J•1,2.···,n, J•1,2.···,n ltldlt/ 
lo th• n~mber ol ro1rtevols el tho flnt klnd lrcm 
record clo11 no. llo tOCOfd clau no. J, 

is tho number el ro<tiovolo el lhesoccnd klnd wlthln 
record el"' no.¡. 

' t "''J• J•1.2,·."·.n lo tM total numbor el 
tttrlr•alo el record 
duo no. J. 

!·. 

Thc ""'~~··,.,.,,,.in""" rel<k•"' <1(1he nr.t klnd h<:twecn 
USEit un~ t"U!>"TOMKRS 11nd tho "''""' kt,.~on CUS. 
TOMEKS and t"USTtlMHRNM.t!;s. 

Thc pnx: .. • r~mnve~ ~ n:lill urder nnd dcleteotM r<latiup• 
•hip• tu ARTICLES ul>ll SUPPLIERS. 1M l'n\llt i1 """ 
rctricnl of tho lin.t ~ind frum USJ!R lo REFILL OR· 
DF.RS.· une ftnm REFILL OIIOERS h> ARTICI.ES ~nd· 
une frum REFILL OROERS l<l SUPPI.IERS. 5"f!P•"" 
11>:11. In ~ddilk>n tu !he rctrieval pn>c:n..,. oiR!"".i<ly meil" 
tinr.cd. the~ uro uth~r n:rri~vul pm..._,,;., ,¡.hkh eumrterc · 
l"" u1er'• cummunk•li<ln• ,.!lh th.:: dal~ h<l'<=• A po»Whle 
n:tri~v:.l m:uri• may N lhe une In Fi~urc U. 

S~: Updnl~ quan!l!y 
C)p.>Miun: UPOATE 

K: --<trli.:lc no 
0: -<jUanlil) 

lb: prucc•• u{"hhlc• thc nuntkr ,,f ;•tlid"• In M•><:k. •nd 

'"'"''' in """ rc1ricval o( lh<! /i"l ~ind frurt> USER "' 
i\KT!Clli.S. 

S~: Ro.•rnowc r.·lill unlcr 
llp.>r;lli,.n; OEI.I.!TE 

K: -n:lin ""'"'"" 
O: -tO>I•Irin¡¡. tddctiun OK/n"l OK) 

Onc m:ty uh•c,.,.e ¡h,,¡ .. ,.•l\1\1'0 an~ ..,. .. o. Thi• illlli•". 
c~le• th,,t '""tt!do nu'" and "onlcle namo:"' al.., tho>u.ld .!'< 
>h>rt:11 in OllnERLLNES. Tilo: <Ice,....,... ill th" numh:r i,r: 
mri"v•!• ha. tu ¡..., rr-id for with un lnc=•e oi 111.:: ~:"" 
vnlurt~t. 

Sueh • ....,,.r;r,.,oti•>n uf the lul!icnl mo.><kl rnult• i:t tbc 
<lat;¡ otrud'un: di"V"dm oh"" n In Fi~urc 16. Funher ~•nni· 
notiuno uf lile r~lricv•l mutril rn;¡y l~;od lo othe,: mOOiroe•· 

.. . ' 



- T • ' 
To 

' 
,g ~ • ~ • " ~ o o 

From 

""' 100 

Orders 100 

Orderllnes 600 700 

Arricles 

Totll r • r 
f1loon ,,_n......,.., .... .._ ............ _..,l ... _ ... -·· . . 

lfou oflhl lupi..J modol •nd th~• lh~ linal1nluLinn "'1!1 be 
lillt'Cito thr oel~led DOMS In a .''b,.l P<>"ible" w•Y· 

PHYSICAL lMPLEMENT A TI ON 

The final IQIIi<:al model dcocribu tllc lil'lll ~cord dnlcn 
llld the final ICI:HI palllo. The 1\CXI 11cp Jn the deli~n 

--

..... o._ 

• ..... _ ..... _ ·­-·· - .. 

, rrocedure lo • phy,Jcal lmplrmenMion ot ¡he lodiaJ 
mookt. Thi• JWIIC'<n rono.iolo or r,.,.. n111ln ~lepa: 

• choice of ol~••8• oLruc1ureo for tho record typn, 
• physi.:al k>calion of !he lffQI'do, \ 
• lmplcmentulion ot thc rcl1111wuhipo ~twren !he rec­

Ordl, 

• dtletml!llldon órtlle file di~M~~slono. 

Thc phyokollmplcm<nl~tion lo dc~ndcnt un lhc partlc!dar 
OBMS ond «>nwqucnlly i¡ lor101 pgoo.IN,: tn r~rmul~te aQy 
aencnol rule. to sol ve 1he problem. Thercfur>t." in thl1 paper, 

. ,_ 
' 

/ ~ . 
c.,.tomor S..p¡>~lor . ,_ ,_ 

/ \ . 
O..otomon l<rtlclo ~ ,,_ 

. 
Suppl/111 J. 

1)/ -O.don Ar!loln 

J? . 
l!oml . M~W 

""""'~ ·- .... .. 
Cooplll'lg ...... ; 

. -. . " 
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h wm be •hown how thc problcm• nn t.: solvc.l udnaa 
DDTO·DUMS. 

A DBTG·DBMS alluwo tM fulbwlna typn o( 11on¡c 
otru;t,.rco: 

• a dircet wucture IDIRECT) 
• ~ .-~mtumized olrudurc (CAI..C) 
• nn inde> ocqucnti~l atructurc (INDEX} 
• a •cqucntlul otructurc (VIA) 

U•u:dly, lhorc w:i!l be no problcm in maklna • chol<:c 
t.:twcon lhooc •tructurco, F<>r c•:lmplc a cbokc betwccn 
dircct 11cce .. and oc<¡Ucntial ~•ceo• is dotmniowd by \he 
·rc•P"nOC lime roquin:incnts, lf dlrcct aa:cu ¡, neccssary, 
une •~<luid u•c u dirc.:l •lructu~d filclf poulblc. tfnol, M 
indc~ oc<¡u~nth•l "' r~ndomiud •tructun: W tobO uaed. A 
r.>ndomizcd 11ructurc io usu•lly chcopcr lima an indo• 
•cqucnlinl otructurc. Thcrcfnr<. lf thcrc i1 no •cqu.entill.l 
ICarchln~ a rdndumizcd llrUclu"' lhuuld be ul.c<l. or 
coorv, tM>c rule• are nol of ¡:onc"'l ••Hdity. butthcy flllly · 
be ~•od In muot cuaeo. 

l'hyJI!'<'I/<In>llun 

, Thc ph}'•k;il k.c,tion may, lo sorne Ulcnl, be comrolled 
b). thC follu,.·in~ d~tcmcqu: ' 

' 
(l) { \I'ITH/N "'0~·nomc·l [ {~~~~.::-:..dot:>onarne-4} 

{~~:~tucu} {~~~~~~!-<!Ol .. name·J}]} ... 

The ll•tcment moy be "'!Id lo o¡>«i(y In wha¡ 
phy,knl dnla lilc(o) tht ~ori<1111 rocord IYP" •"' 10 
be plnoed. 

tül LOCA.TION MODE IS V/A. ICl•ftOII!e-1 SET 
lf a ><<¡ucnliul ro~ord 1ypc W mo«' th.an or>e 

. owncr record typc. lh.is fl~lomcnt rn:tY be u .. d 10 
pi""• ,..., m<:mt.:r rct(H"'h el<»< lo onc oftho ownor · 
..,curdo. 

tlifl JNTI::HVAL IS intce<:r·l PAOES 
Thb ~•tof!ll:nl m~y ~ uocd h> pl:ooe membcr 
roconlo dnoc lu lhcir uwncr rcrord, f<>r cumplt In 
lhc """'" rhy•ical block. 

Tho n:tricvol rMnil dc.crihoo !ho uctivi1y l>ci,.'OO~ roeordo 
~nd it muy th.·r~r.,rc ho u .,..,fui h~>l in doo:crminl"" lho 
phy•M:al f,,..~l~>n• nf lhc tC'C•>nlo. Hi¡:h ""tivity bctw«a 

· con:lin ~~~"'d' impliCI lhat th<y •h<>Uid ha•• phyoical 
~>Cnliuno do., t<•¡:clhcr. 

The Jmrl••....,nlalion of rdatl<>cuhipo bct .... cn «'<ord.s 
(l.e., 1-01 typn) -,¡o dunc via flll •lruclurn In • DDTQ. 
DDMS. : 

A .. ¡ may be or¡:anizcd •• • Or>e·wr.y or two-wr.y lbt 
"'("" thc lllatc....,nt 

AIODE IS C'IIMN IUNKED I'RIORI 

· Thc ch<>lcc of liot olru<lll«' hu lo be b:>scd' on lhc dcurip. 
lioci olthe rclriCY:d pn>m.ICI. Hl;h ~ivityfrom ~tuW• 
mcmbcr rccnrdo to thoirowncr rceortl lridkul"' lhe UIC Ora 
JX>Intcr from tho mcmbcr roconl• lo lhrlr owncr rcconl. 
Thlo en ~ rco\ir.od usi"' !M 1~\cmclll 

(LINKED TO 0\VNERJ 

' . 
Thc r.nal olcp illo de1cnn.lne thc dlmcnllons ot lhe dall' 

mn.l.e .. dcJcrmlnc ¡)le pcramde .. : 

• mt volu ...... 
• volum .. ot ovcrltow aras 
• volum01 of indn llblc¡ 
• lo"d pc:rccnlt 
•.block llut .· 

·A "but ponlblo" ehcicc of voluu for 'thc po,.mctc .. 
mcntio!IN ahcwc b dcpc:ndcnt a<~the put~lcu!ar OBMS and 
the PIU'1ieul~r honiwlli'C use<!. Conscqucntly, ouch dccblon1 
1hould be mndc in cunnectlon wilb 1 pc:rl11rmonce analy1ls. 
Thb will ho funbcr dlscu• .. d In thc nnt scc1loa.. · 

PERFORMANCE ANALYSIS 

An ,,.,¡...,!Ioft ot tbc rmaJs.olulion •boold hc d~nc uslna a 
¡><ñormon~e onalyol$. Thc moot oonvcnient crherian ora 
¡ood solllllun io low tot:d eoot pcr time. Varlouo type~ o1 
C<»U which atJcct lhci cboicc ol l1lc otpll!u.tklll &n::; '\0• .' 

o l!o...,. COIII 
O a<:CCII COIIt 

• dall uunstcr coolt 
• sonina c011a 
• reor¡:mlzillion eotlt 

In oddilion lhcn: wlll be tos11 for 111ina cpu and n>emory •• 
In ordor lo 101 1 bcnor plclU1'1: or 1M paforman.:e 

~na!yolo ¡>n>ecdul'1:, • dmp!ll'lcd Cl>K, lile oilc·idcntlllcr 
"""· ,.¡n l>c OOMi~crcd. ~~ 1M o ..... klentlf'lU, ......., thc 
onlirc r,lc "'ll'•ni>.:•liun cono.ist¡ ot a 1ln¡¡l~ file wlllo =onll 
oon.Jiiin~ ot 011e ld~n11r.cr itcm and-.,. 111111'1: ptOpCMy ·. 
iltnn. 

In ordtt lo dovclop • coo¡ f\lnction, ¡¡ 
ha-e lnfornuu;,n oboul 

io ........ !')' 10 
... ' -

.. ~··· ... 
o thc retricval actlvlly _ '•::J::(. 
• 1hc oh""~ •trucluu and lhc dimonsions ot the toe·; •• 
• 11>e :>ecoonlina rt>utinc: ollllc p:onku!ar ~hinc: O)'S' 

"" ' Thc nr" o1ep l• 10 decido on a flon,e olnl<lun:. Fot 1 
ponOcuLor •tu.-.~ suu~turc onc "'"Y dcddc 011 bl.w:k d:.r 
ond ¡,,.,d pc:n:cnt. Thooc dcdoiuru .,.-¡¡¡ uou:olly be rcoult1 o( 
l<><:ul opllmiz.nlun!, d~pcndin¡ on lhe particular computcr 

,. 



oystcm thor is o•cd. In ndditicm, il lo n"<:csi:.l'}' la ulimall: 
Che va/u~ ul intcm:d ho•nd~cpin~ d:lta in ¡he fik. Thus. 
the lile m.:.y ~ deocribod by thc ft>fl.l.,.ina po.nunctca: 

o numher <>f rccord1 

O '""""' IÍU 
o bk.:k •ize 
o lo•d ¡><r<:cm 
o olu of .,,crfluw-~<ea 
o volumc uf hQU•ckC•'ring ""'a 
B•••d onthi• M•<riptícm, .,,. m~y cotim.11Clhe avcr.<~c 

rctricvollcnglh (mc;¡,urcJ in bl<>.:k ~••••""s). How lhio can 
1>< done f<>< thc m<><l common u..,d •lnr~~ ''""''"'"' is 
dc..;rit.:d in Rcfcrcnce l. E<~im~ros of thc ovcr.t8o uoc of 
mcmory ond CPU for cach n:tricv~l pruccu mu•L also bo 
alado. Thc rclrleval proc.,ses an: dco.cribed wiLh 111<! fol<-
lowÍJ>¡ par.lmetcR: · -

o fnqucr>eiCI 
• uu oJ' mcmory 
o UH afCPU 
o "'tricv~llcn¡;lho 

" 

• 

·-

·-~ 

TI ll ,_,., 

~ 11 l 
~.~ 
1 

" r>-

• 
O.sitn uf File Or¡¡;.mim!lo,.. J 19 · 

Tbc: """'~len mcnll"""d ~ an: 10<o.'CI •• P'llllmcl<n in 
1hc ~~e<:ounll!lll rourinc <>fu p;oni<ular m.xhlnc •r•tcm. ~nd 
a pricc lli"Y l>c: con1porod. 

Ir 1s llrcn -..il>k w odj..., "'" rile pa=rcn. f<>r 
'tumpl~ rluo b1""'k •i~t. ~nd loCik al lk>w rlk:ot n<lju.r~rcn,. 

innucncc rhc ruM rrice. Thuo. • minimizurinn ur rh~ <0<1>1 
funcrlon Ola y 1M:"'"'" in .;m llcr.ui~c "'""Y· 

Soon:hi"'l in lhe mulli."odcnrillcr caic mc;ono rh•l logicul 
coll,[uncriun• hcrwc~n rhc '""'',...~'" ldcnutlcr h•·m• h:lvc lo 
be dor>e. Thc """' cummnn -r• '" ill>{>le""'"' corrjur>e· · 
rions ore mulrilhr• or invcncd li,ro. 

Fiture 171•1 illu>\111! .. a mu!ril;.r. Tl ~nd TI al"l! rcnns 
whlch ore ¡>;v~• of thc idenrif•cr. A m~lli~>l cunli>rs of kcy. 

n 

M•ln Filo 

'----'' 
1•1 Mullilill 

-~~~-""' 
ffi • .._..,. 

• 

---~\ . 
. \ 

TI 1 í t 1 1 .. 

" 1 "" ... fiJo 

1 
. 

• • 1 
! 1 l 

1 
. 1 J 

• • 
• • 1 

. 
• • 1 ' 

., 
1 1 • • ' -"m ll>lo · 

• 
lb/ lnvttrrd Ua 

fl&w< ,._ ... .._ """ ........... "' ........................... \. 
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' rohln 11.nd o rnoin m o. A k~~·tllhle """'ists Df orw I'<'Cord 
for cach key o:•luc: thc proJ'I!fiY porll cf tbO record• 
'conlloln 11. li>l uddro'" 10nd ~ llsl lcn~th. Tho '"""'" mcthod 
lo Lo fllld !he li•t aJJrc• .. sln thc kcy•Uohlrl aod thcn otan:h 
throu&.b thc '""""" li•t. Thc retrlev;ot len~th wm be lho 
numbcr of """~"<" tu thc kcY tuhle1 pluo thc numbcr af 
aaesocsto thc main nle, 

Fi¡wre 1711•1 lllu•mun on lnvcnod li•t. An ln•cned liot 
con•i•U uf h¡· tabl"• unJ a mnln file. Thc rc1uh ol 
oarchln~ in o kcy tahlc io a record ol' ••riot>lo lcnsth .. hich 
cunt~in< ull thc nddr"""' of thc ,.,cord¡ In tht maln me 
h:.-in¡ •r><dlicd <•y vuluc. Thc •con.:h mcthCIIJ is to tlnd tb< 
record oddreHc• in <he kcy·tabl .. ; thcn l~k:al functions 
11.rc computcd in mcmmy, 11nd thc rcm.•inln; recordad· 
drcuc• ore fuunJ in thc main file. Thc rctric•llllcn¡th wilt 
thcn be the numbcr of acocuc• lo the key tabks plus !he 
numbcr of~ccc"eo tothc moin liTe. 

Thue liS! lll\lcturco canoiot or ocp;>rate one-klcntilltr· 
cuoc pr<>blcmr.-ua~hln¡ in hy-tablu ~l>d •••~hlna In tll$ 
moin llle. Therefore, h ;, pouiblo to de•elop 1 co1t 
runctlon uoin¡ tll$ oamc l"'r.metcra u fur tilo .....,.\¡jentllicr ·-· Fí1 IS dcocrib.:s lhc muhllloL nnd the lnvenod 1111 in 
• doL~ snucLure dio~r.~m. The ucccu patho ore drawn ,..¡Lh 
doLLed lion. From d~la <!I\ICLUfCI of the klndo shown in 
Fí¡urc t8. h i• poniblc lo conMI\ICL ~ny cumplcx dato 
lll\lcture. ar.J ony cumplu doto <Lructure can be de-com­
po'"d ln1o •lmrl• l"t 'II\ICiurn. lt •hoold thcn be obvlouo 
th:IL o po:rl"urman,,• ;m,ol~•i• of a mulll·idcnllller CIIU may 
be po:rl"ormcd uoin¡¡ thc ''""" p:u-~mctcro u for ti>< o,.... 

'"' 

Fl•n 

~·"'""''"'- ~ ....... ,'"' 
froo¡u...,clft 

Ro"'"" L....,.l>l 
u .. ol CORE 
U10 ol CPU 

Fllt Pot.....,oors: 
~umt>or ol RO<orllo 
R .. .,dVolumt 

ero.:~ S!•• 
L~ Por con! 
Volu ... o( A<!rnWuralioo O.to 

Wll Pll'?"''"'' Wnich Do~Uibo o Por1b1o< AC<Oioni~Roollno 

FIJwo ,,_~ ~ ............. ..., - 1 perfo_, ....tr>h 

ldcntlf!Cr ""· Onc obau!d, ~-nr, ll<>llcetbat the ~011 
patko nr Lho retricvol proccooco llave to bc dc"«ribed, ond 
lkutlkc utrievollcnath, In !he muhl·ldcntlner case, may he 
wriuen u: 

.... , .. , 
wbcre 

a, .. the numbcr or bloc; k Kccun auoeJ by 1M ~trin>ll 
kcyo 

a, •tbo ••'"' :...,, ol"bl«k ~e«~SCI cauoed by tl!e a!ablhh· 
in¡; ' • . '.>!ionohlp.l 

Fi;ure 19 r····· o oummazy clthc ncc:cuary paramc1cn. 

CONCl.USION \ 

Tñ !he prevlouo scctl6n• 1 ll"llllt¡.lc.,el dcslp procedurc for 
dc•ian of (,le Drll'lnlu.tiono bu !»en dcveloped. The okolgn 
pr~edurc wao baocd on an informollon anolyol1 of tlw 
opplicollon oyotcm. 1bc lnl"""l'llon llOW' wu deoeribed . 
u•in¡ 1hc principie of hier.orchkolays!cms pan ilion in¡. ond 
ncceuory infomuuiun """' oXIr.cted from thc inro.r""'tion 
oo.alyois: 1 

o dcocripllun of cldcm and re!AIIonlhlrt betwcen .,¡,. 
Jeclo, 

o deocription ot pcnll~nenl ma. l.e., meou¡¡c lypeo, 
o llcscriplinn Ot re tri..,,~ procasea. 

A lo~ical model wu """' dcvclopcd In llvee 1\eps: 

o 1hc mcJ~ typeo oflhe permanent lil"" werc nar=l-
lted. . 

• a •rnthalo of Jhe normollzcd mc•IO.JII typeo lnto • 
lo¡ical mu~cl wu m1ult, 

o !he modcl "'"' mocli/1od In order 10 mtldy tbe rculcnl 
rcquircmcnu. 

So far na dc<:ida111 aboul IUIY DbMS baw bc<:a ~. 
Thc ln;lcol ttmdcl wao naw moclir.ed Lo n1 • po1<1kulor 
DDM~ in u "'bc11 pouiblc'" -y,l.e .. mo.llfylna 1ho m:"ooJ 
ID.ynuto ond uiLOrill# !he ~'"""' palho. The record byOI>L 
"""' mo.lifi<d m>~ina a ""lcctlun bctwccn duplicale 11uri11J 
cfdal.lo ur !he""' uf a ~fcrcnco. nnd !he"""""' potl!o,.·c~ 
alt<rcd hy m.:r.kln¡ ""'"tio111 bch...,cn lilto and lnn<IC"II 
listo. 

Therefurc, 1 phyalcal rcaii~Llon In four <lepa w:¡o WM. 
l.c.: . 

• chokc ..C ll~r.~gc •ltuclu ... 
o phy•ic~l k>c:.lion uf 1hc record•. 
o imrtcmcnluliun of LhC r~!~liun.<kips bolwcen Lile I"C!:· 

""'· o ~e!crmln:ulon o( !he me ~imcnolon. 



... 

Th~ nle dlrilon>i.unlna "'Ri d....., In con.M'CIIIIn wll~ 1 
rcr1onnunco unalyo.io. 
,. ~~d~n r"""~durc uulllntd in lhl• I"'I'Oir 1 IICt'll• 1 

d~uoll~d d~•crirllon 11f lh~ ~uriou1 lo•clo, untli\IM""r """"-
1\.oolo be dnnc in !hb urc~. 

An npori~nc• durin1 tht ""''rlr. ~lrciOI.Jy done ...., llw 
•trona n~•d f<>r c"mru1or l•n••d '""'" f<1r "'"'"m~nlln1 
lnfnrnuotiun •lruoluro• olo .• ond fur """l¡·ol, ut DBMS. 
""""11'1:1 pcr1'""'""'~ pn•pcni ... Tho l><~>io r,,. "''~ 1 Wlll­

ru•n·~•••d 1uul 1> un oulunuotio d'"'""'""'"llun uf IM 
informuliun ILMiy•l•. Suoh d • .:um.:ntuliufl •r•••m• ulll 
tllduy. f"r 0\umrlo, CASCA De. 111hkh whh m fow mln11t 
od,lullmonto .,,,uiJ 1>1! wotl nn,-.1 f<1r lhlo rui'J>I>It. A tron .. 
form11dun uf lho u~plicullon oyllcm ln111 lllou.lo"l do\~ hoM 
modo! wlll he tho """ 11cp. h ....... , 1ho1 llw m<!llnl 
oulliMd in 1hi• r•r•r m:or bo • uocful baolo tur 111ob 1 
lrMif~rmMion :ol11uri•hm. 

Concomln1 lho modillcntion ol lho loakal II>Odel. Q 

111111)'111 IOCII MI lo bo dovolopo:d. Whh lbo laf111'11U1d0fl 

-

• 

• ntcd lhruu,h 11\c lllllllrtil tl thl .,.llo:allon •r•••m 
it M'CIRI pouibill \1> dnoclup .. uai,.U. """' ......... IU"'D 
acllvlly ¡,..¡"""" 1111 rennl1. · 

Fllllllly, lho: phydc:al rc.alila1k101 .... a partlo:1olar DBMS 
bu 10 he durw. 11 -•""' lhh IIIIIY he dllnc In connec· 
!Ion 'Ailh 11 cumpulcriud pc!f""""""-. 1111111yú. · 

Con•!d••rln~ !M ul>~luuo po••iltlll!lco "' IUk•ll\illlÍif lb~. 
.S.•ip l'f\>t;Oo.lurc.!Mrc...,. 1<1 M$'..,.. bopc uf 10hic~llli 
J<l<ld rcouh• In thh ~rca in !he fu!ul'll. · 
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Operational software for restructuring 
netwoi"l{ dntabascs* 

by DONA LO F.. SI\' ARTWOUT. MAMK E. DEPPE a.,.¡ JAMF.S P. I'RY 

'"' UoJ.,..;n ,., ""'"·--
A .. A ....... 1.10: ..... 

AUSTRACT 

A hi~h-!e\'cl "~cccu poth'' 8ppr03Ch 1<> dal;oba .. rcolruC· 
1uring i• descri~d an~ oonlm<i«< with lhc .. ekm<nlal)' 
o•('l<mtion•'' nppn.,..oh lal.en by m<>l.l r<OINOIUriiiJ: •Y•tcm•. 
\l'ilh rho elcmentiU}' <>¡><.'mliono ~PP"'""h, reotruclurin; i• 
•ie~ed as a"''~""""" uf baolc or ••primirlvc" opcr.uiuns 
~ hich mnnipulntc n sourcc dninbooe in urdor '" convcn 11 
intu ;r tar¡;cl d:olabo.!sc. In lh< acce" pnth uppru..ch, r<>lruc· 
turing is ..... a• rhc pruceu of occc .. in~ a body of 
inf<"m"ti<>n rcprcscnloJ b)' thc l(lU~ d:~t;o. and con<lr'llcl· 
in~ thc lorgct dal:rOO,c ropr .. cnlotion uf thc ••me inf.,..ma­
u,n. Whilc thc cle111<n1ary up,muiono approneh io uocful for 
'""ructuríl!& hior.orchic~l d;atabun. it do.:o ...,¡ ,cncr.o!izc 
"di f<>r nctwort.o. Tht .CCCSI p;l\h lppmach is beUct· 
•uitcd to 1hc corñplu strucrum p.><lible in nctwort data­
t-.o•eo. 

"Thc acceso path ap¡>«>.och pcmUI$ thci opceitic~tioa ol" 
<ornplu rcot~U<turínt tr.on\l"ormationo in termo olapplla­
ti<>n-orknted conccp~> oueh ao uceo• llfotePco and oelec­
tion crítcn:.. A oo""P""'~dunl Not,.·ott. ltc>tructurí"!! Lan· 
~ (NRll t><O..td on thio opprooch ¡, Pl<>cnr-'<1. and an 
<>.ample ol" i1S u~ in rcstru<lurin' is ~~en. The architec· 
'""' cr an NRL-drí•en Re>tructurn fur nct••orll d~taba..,• 
¡, deocn"bed. 

INTRODUCTION 

Duc lo lhc fact tb.ot the dalabo<o deoi~n ptoc:cll 1• ene,.. 
li>.lly an opaque an,' an imponanl 1001 needed by 1 
O..taboo.e AdminiotMor is a ¡¡ener.olizcd re~t;anizalion [:>. 

<ifuy. Wnh """" a r.wility the de>i,ncr con odapt e>.i<tiliJ 
d4lobolo<-.lructure to confurm lo"""" inforrn.1 tion or proc­
<»in8 rcqul..,mcnh. Fur uample. 1 ncw entily or relalio,.. 
•llip eould be added lo tho da10b.>.., llructure lo >a~i,J"y a 
"""' inf,>rtn:Jiiun rcqui..,ment. ara"""' aece .. p.¡lh cou!d. 
bo added lo ;..,,;,ry a proc:e•..;n; requir~ment. 

Alrhou'h >Crnc n<>r'-'nll.'l<iun '""'""""' .. ;,1 in dal~ 
'"'"'"'e<n<ol systomo.they <leal pñmoñly "'ilh lhe phy•io:ol 

• Suppmt.t .. ,..,....,en; "D~ c..«-.., D<r .... ~­
,._,,e-<>« so. oc· .... ,..,.'·<..("""""' ... 

or¡;ani"'"i"n or d~la. e.~ .• rcrf11nniflll 1'-'rto.a¡:.: ""nocti<>n. 
chan¡:in' lhc bl,.<kin~ f:«l""· ;11111 1" '""'~ 0\l~nl. mQdify­
ing lho """""'"~ mcth•ni•m. T" '''" ln""kJ¡:o: nu·[lC"ncr­
olizcd rcor~onization radlily 0 ,¡,,, in :•n¡· .Jaw~a"" mona¡e~ 
ment •t•lcm and, in J'IIMkuhor." """ ,,,. una,.·arc or • 
rc•tructurín¡¡ fncilily which "'""IJ Pl•lYiJe lhc <arahility lo 
ehange lhc lo~ienl "ruclure <>f thc J:uaNo••· · 

ln 1he curren! •late 11f <he un. lho "'"'l!"nlunilln faeili1y 
ha• dc~ol<>ped only wi<hin lhc Cllnlcxt ,>(" Dala Tr~nola­
lor .•-< A• dc•crihed in Rdorcn«• ! and 6. u D"" Tr;,nsla­
tor is a '"ncrolizeJ ,,.¡¡"'"'' •Y•l<m lh:u a<ccrt• ""'input a 
•oun:c ~~tab:"•· dc.cripli<>n• ,r lh~ .,.,ur;;c rinputJ. tar¡et 
(uutp<U) datohase• and lhc m:•ppin~ t..•h• """ lhe "'""'" o.nd 
lar;.:tlo~cal ottuetutn. h> I>UtPUl i• u,,. """l'""~ed 1"'11=1 
dal•bol•¿ produced nutomuli•odly 1>¡· the p:n,...~lizcd sofl. 
warc from ll~ input ~"'''rípli•"'· T1le uecu1ioa o( !he· 
uan•lator in~nket thm> m;Uur mOOuk·,-Rc,.jer. Ret'truc:· 
turcr. •nd Wri1rr. Wllilt !he 1\H><<i<>n. uf lh.! R..><lr:r and 
Wríler module~ un bt d:tu!roo:d prímaril¡· "' phy•icnl 
reorpn.iutiott or rof,pmmti~JI. 111<- rríma11· I'U'l"J"' uf thc 
Rcmueturer module i• lo k\'kally ""'rpnizc lhc d.~tabo.oc 
or re>ll"UI'turc it.' Bin1 nnd Fry" Jc,...;tit......r 111<- physil:al 
rcformanin~ capabilitico ,>f tho Re;o,!er ~nd Wrítcr 1hru111b • 
tbt lo;ica! n:struclurín~ Uf"'~ilitk-. "hich "'"re cmbodicd 
in <evornl protolypo implomonlalilln•. tn lhi• po.pcr IYC 

foc:US OR lht develllrmcnl nf 11 ¡cner:olizo:.! IC>lfUClUfÍ"' 
cap;•bility for lho nctwork cl•.o uf ln¡:ical >lruclurcs." •· 

The putp<><c·or reolructurí"!! ;, '" 1r~n<l"nnn rhe q,ical 
mue1ure ol" • d:.laNI•• in "''"'"'"' tu .,_...,. illl'unn.ttk>Q or 
proce>sin¡ rcquhment•. Navathe "nd Fry" <kw.:lllped a 
o;uc¡:orízali.•n .... r.:>tfll<lurín~ '""'"'l""" r ... thl: lti··ran:IU­
cal cla,. of k>¡:l,-~¡ o~ni..~un.-.. Three fund;am...,lal k>¡:il:al 
ottucturc muo.Jir"'"l¡,.,• '""'" ol<fin<.-ü-Somioi,. Rcblio."'· 
and Co<nhi.Un¡:-.,h"o:h "'"'" r~r.n.....r \111<1 "'"""" 1owcr: 
lcvel ""lnl<:lurí~~~: nporJtk•n•. Fi~urc 1 illu•:i~le> o fcw ol ,. 
lh= hicr....:hiC"JJ "'''"''""rín¡: np.:rJt;.,•. The fiN part,' 
Fi¡:ure la d~pi<~• a hkrJt••hi,-~1 '"lmiunt.hip "m"n¡: PRE.SI· 
DENTS. SI'OUSE.S orn.l CIIILDR(;N. n..: up¡><,.,_..¡ bm 

' 



' < 

CO~IPRESS 

PRESI!lENTS --
~P"""'.(_loM.r~n 

' 

¡ ,, 
'1 

• 

' 

PRE.SJOENU --
SI'OUSES 

SPOUSES · 

SPOUSE-CIIILOR EN 

-~ -- C111LDREN 

1- •• 

·-

OAUCIITERS - 1 -1 
1 

. _::--...:":':"~":'~"~ R,awol~- ·-

or r~cord t¡pt,•• PRf.SlDENTS,• ,..,nlains !he""""'' Df ·• 
rbe prc<id~n•• .. r 1hc Unii•'\J so~¡,.,._ Tbc ~ond lcv~l record 
lJ'I'<'· .SPOUSf.S. ¡, n:],,¡, • .,¡ 1<> PRESIDENTS lhrw~h 1he 
""' IYI''' ''Moll'ri<J uo'' ;ond <Unlain• lile n:unes o! ull LH 
'"""'e' for <''>•h P'<'•iJ,•nl. Thu•. lhc .. , io a une•I<Hn:~n~ 
mappin~ '"'' '"" ""c<>rJ !)'J>C•. In a •imilar fa>hion, 1ho 
lhin.l. ),·>el '"""'" <ypc, CI!ILDREN, i> rclaled lo 
SPOUSES """ "''"'"in• thc n;omc• "r lhe children born ru 
"''"" srousE. 

O"" '"''"""''"~ ••r><múnn ¡, P<"lili.milll' in whkh ¡he 
'"'"""""'"' u( a "'""'" 1) ro: aro Jh·iJN inro lwu or m­
Ji;tino:l "'''"" IJr<• l>.o....,J upun '"" volu<: ..rone ur more 
d:.ra Íl<m•. Tht. "P<'"''"" ;, illu,Lr•Ld by Lht ""'m: lUid 
1~1}!<"1 I<'¡:ÍC;al ;li\I~U<fC o>( ¡.1~rc 1 "'boro 1ht ....,,... roc<>nl 

' 
•• w, •·- t~o< .......... , .. rDLrro.' 
t N'....,..,..,,....,, "'~"1";., o>IU.. """""""' n.- ,., k<l,.. 
-· 10. -

Lypo CHJLDREN h31 been po.nlLioned iato two m.w.L 
Lypoo. SONS ~nd.DAUGHTERS, hoocd oa Llw dota;,,.,. 
........ N<>Lic.> LhaLLh.! doto 11em "oca" h115 t>«n olimin;d,..l 

in 111<: IP!lkul "'"'"'""' <>! Fl11ure 1, •Ínco Lhl1 lnfotm~Limi " 
"''"' ropres.:nlcd hy thc llliBCI l"¡:icnl 511\lclurc. Tlk: d....t 
ro>truclurin, opcnlli•>n of po.rtiLi.,nina io mrr11lttt· Tho.· 
mor~inJ <lpcr~liun c"n.olhlulol """""' IICOI frum ¡,;.., •• 
more "'""nJ LYP.." inl<> ~ oin;le ,..,.,,.nJ l]pc. orton ;oJdin~ • 
dolo i1cm Lo thc rec,>nJ Lypc '" ~"""'< informafion pr<<i· 

uu,Jy "'Pl•••micd by 1he k>;ic;d "'"''"""'"'· •lcl]!i"" ¡, 
illu•Lr•Lcd by Lht wun:o lo¡:ÍC';Il '"""'~ alld th.: ~ _ 
~~~ structun: <>! Fopn: 1, """""" !he ,.,.;wn:..C,n, c>f 1'!' 

. ""' k<onl Lypco .. SONS •lid DAUGHTERS ... ll.:i•c ·"""" 
~ inLu a •i"<:k rrc"nl lypc, C,'lllLDREN, N..tc.!lul 
lhr lcrm• .. .._..,..., ... :.lid "Lar¡l01" on: rdati•e :ond <kpc<>J, 
on thc dirc<Li<'n or Lho tni<\ICLUrin; LrJnof<lfm:ltiUII. C"""''• 
~uondy .. Fi~ur• r rcp,..,•cnLS th<o .,,.,... r.~cat """''""' f·• 
Lho J>'!MÍiio~in¡: e.ample, alld Lhe ll<r¡:cl dai>.l<IK ¡,,. 111< 

'' 



nw~~~~~ t>ampk. Nulitt rf><, i1orn IY{I<' .. ..,~ .. ~ Wc~ 
_ \.!<~ H> c~nluin rhc inf"rmariun I"~•Í>lu~ly rrr,..,«nlcd 
~0,anli<olly ~y lh" "'"'~ t...;U:a! ~tn>~ur< <'1 !"l~uN J. 
A,...h<r ''""' u( r~<lru~lurio\r, invo\ws 1ho r<>:llpu<siom 'f 
'"" or "'"'" /lk<a,..,hi<'~\ k~tl• Ín!<J <>no. Thi• tJam~ .. 
dlu<lr.tte.d h' 11\t wurtt ~11<1 I~!Jtl l<l(:io:<ll <l!UCI.ult of 
Ñ~ll<c 1 ..,lw>t 11>< lw<> WIIJW rrconh. Sl'úUSES o.,.¡ 
nm .. nllf.N. tu~• l>ton Ú•mrrc•"'" i!l-l<>., .i~ rteurd 
t)pc. SP'OUSE-Ctlii.OREN. On ¡bt "-"<"<"d """"rreno:t 
r.1d, this u('(r.•fi<>n W<'<!t,l be \U:tompli•b.-.1 by rorlk3linc 
rhr ~>S«i~rod SI'OUSE '""'rd .,.;corr•""• fu< •••f'l 
CHtLO ~~~"'d oo~urrcncc. 11><' do~l upcr.11io~. af'<ln>J.,n 
•~r->nd• ..,.. kvd nf hior:m·hr "''? '"'" "' m_"": by 
f:o<lorin~ uul odoclod Jala il<oru:. Thi> ¡>TI><'edur_• 1> ollul• 
rr•l<d in Fi~uro J """'" th<: SI'OUSE·CHILDR!iN record 
!y ¡>o ha• ~>con f"cWttd inr<> \""" 1.-.:b. 

Ahhcu~ ~ cllmpltrc c31<f'}<ÍU\ion nf >I!Cil <>¡><rlllk>~l 
b:!s tl«n cJI~blishcd for tllc: Mer,uct.íal cl.oss <>f struo­
lu~s.' rcst,.,ct~rin; *""'\on• • .., nol M;..rly •• ""Y !<> 
d•.uify in tM <W\'fOoT\;. o;lu1 of k>¡:)r:al structu~ t>le 
prírnarily to lhc ··~rícry ~nd <<>mpk~ity ..t tM ~ln>th>tn 
in•<>l~- For enmpk. ~n imporrant 11<\._..,,~ •~otruoturir>a 
operat;.,n, r:h~n¡dn¡, lhr /mplrm•·,JnlÍuJI ,.¡ n/lln,>~l.,.m"''-' 
rr~l/iutOship•, i• ill~>tr:ctcd by 1~• ro>tru<turing tr•~,f~rm el 
Fí¡:urc 2. Tite saun;~ l»;iu! •u·uc¡urc rcprc..-ms infarm3-
lion IIP •tudeN.~. tl><.it d"" otondin$. al/ cU~trsc< ~~~~n t>\1 
coch •tude111. ~nd thc fmol 8t'lldC re<dvcd in uoh <wr>C, 
Th<c , . .,~¡ \o~kal ""'"""'' ropr~••~t• e<a<:ll~ t11c '""'" 
illfwmotinn nc<pl th;~t thc n"aclatioo Mtw<cM studcnl$, 
Wllrs<', ~nd ~nodos is ~chicvcd u•i~~ ~ LINK record lyp<. 
This cumple ls typi<al of thc re.tfii<:IUrin8 OP<'rllliun• 
which may b<. l"'«.d in ~ nclwork cnvirunmcnt, tho>e 
'fOhich involvC uve-r•l r~atd ~nd ..,1 types. 

At'l<llllcr rumplc. "hlth mi;Jtl ~~t: prt'<'t'uin;. 
'""'<>>d be \be aJJiilom oif i~Jn:i~t •~" t>T •...-ord typn. This 
t~>Jld h.. achicvcd by miv•ti<t; 111< d:>•~ iltm "cb .. "lo 1he 
..,..,ro lYI>t' CUSS-STAND\¡-.I{j, whi<h wt>uld .. .-., tu 
sc~n11hc •luden\\ inlo p-.Wa:otc. undelP'lOJu~••· •l'«i'>~ •• 
fard~;~~ eR~5f!, dt'. IFi~ur~ )). f'JOiice 1bo.t 11\is <>p~>r•li"" 
is añ"ally .-.:p•nsícm poñ{ll'mod o~ • hio!'ll«:hio.;>l •~b"""'' 
tuno .,r \ht' ¡ar¡:c1 Slru<lur< r>t f'lf,~~ 3, n;:omo!y lbe sin¡:lt 
tcconl 1ype STUOENTS. 

............. ~ ........... .......................... 
''""" --· .... ~. 

~TT -·~! -1 1 1 

• 
~01 

-

Y u ..,r>IMr impon~nt ...,,,..,,..._ ~1\lfiiiJ c;,p;~biliry 1$ 
11w llbili1y of !he m1ru~n~ pe,.,...• 1<> •~t=r ""' only 
da!• ""'!eh t•Ü'-' cl.p.!io;i\ly ¡, tbo "'"'= d:>l~t:....-. bul 4110 
Jh:lt which o>ila i!l\l>!íciiiJ'. i.o .. th.: inl'<>nn:nlon whiek mo.y 
be infoncd («>m 1M oooTLIOl .oo>icc da~- An n~mplo< ..t 1loc 
di!l'coence bch•..-n tm~r.riJ ~"" n~lí..:it inf..'""'-'IÍ<'ITI i• 6e­
scf\~>¡od in t)le hYP<llhclk~l rc<ll\l<:t<IÓ"f. tr,.>f•trtn ..t Fia-
urc4.. .. 

Thc o>>tmplc de•eribes ~ ~""'•• d;ott\'la..- <<>ntaomn¡: JWQ 
record lypu, pE:RSONSaD<I LINX. U,., PCRSONS .-..W«! 
1ypo eontu.i11, ·.-.~ ... ~ nlld ••• il<lll IYP.:•· ."·hilo tlle UN~ 
reco!'d ·~~-~om.>in< no d""' bu! rro"d~• rcl"'i"'nh1p 
(r.f<><fl>l>\ion in co;uunolion wilh .. ..,. J'ARI;!ol'l'S und CHJL­
OREN. 1'h~ taf)lcl >tUJC!Urot al<<> ~.,_,,,;,. lh~ . FE"-SONS 
rc~ord t¡•pc, ond con.truo::t¡, <>!'1~,.,.-.l"f.RSONS record• 
in•cl••• 1h~ nt~""'li""' Qf dou .. plO.,itly ·~~i<ltrtl in U.. 
'""''" file PERSONS ,.;,~,.rd typo'. In ~~>ntru~t. ·~ 
r~cord tn>t' PAII.F.)'ITS ood CiRANDFATiiEII.S 6<> 1>01 

«~m~ dlroctly '" ony ""''"" (ole ,....,_-.>rtl IYJ><!'; I~Y 
tofllain jnfunrt:Jilon whicb ¡, "'~"""""'"" imrlldtly in Ülol' 
wurc~ ll!c. Nctdltss to so;y, tltit rr:onJonn.11i<>n <IUII>QJ be 
MscribcJ by opcr;<liolll 011 tñc~::~n::liir'll ..,¡,,rut.,~f'Q • 

In tlle <~e~\ -rion. ~ rC"ticw lite Pf'l~luu~ _.... ¡,. 
d~•ctopin' Morarchit#l """"crurif!J c~lili«s rhTf>Ul:}l 
~df>nllan <>f olemenl~tl' ~p~r~ti<ms. 'f1'c lhint •oclfon 
tomprisc• ~ discu.<Oi~n of tM :.<:<.:vo~ f>-'lh ~prru:•~b ne~· 
"'Y ro ll<'hi••• 0 ""'"'"'~ ,.,r,..,~urin~ c;t¡>al>ilirr: und lbc. 
tourth scction dc...:riM~ ~ Ndw,•rk J!c"ru~t!ri"' L«n~ll~;t> 
boood on thi< ''l'T'ro:o.-1>. Tho implcrll<'ntari"n uf tM R.··,trut• 
lu«:r ¡, oli""u"t<l in th.: liflh ;<>~:tion und tM p;>por co~-­
~~· wilb our ob..,rvatiuns on l>o.t.WJiOI- ,,.,.¡ usln¡ n·•lnot:• 

roren<. 

An lnto:r<!llina ~y ui•l> 1>e1,. . ....., m~mK~ori,. •Y'"' · 
~"'~ tond l>i¡h-l<vcl (¡ucry '~"''""''· ltt r:..,'\,....., """ cun-, . •idc• a qucry.,. a uslriC'l.:d rntn&<:turi"' tr.on.J!It'lll.11"-'n Íll 

wlticll rhc t~t 1• (1(11 ~ d~~ bi.t¡ """'" "'""' f<11m ¡¡( 
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inf,>rm:oiÍ<>n rcpr•••cnt"l~>n. F.ffici~nt. .,,.,.y-h>..u'IC qu~t}' 
lan&ua~..., '"' lh<' hicnuchic~l clo-. o( k>¡:k•l •lructu"'' 
"""" h.>cn h<oill lhn•u~h >he ""' uf okm.:nl;lt)' L'f"'nl1iunt 
onJ h"'" """"in c~i,ocn.:~ rur """"'time.'" Tllo:~ •Y<Iomo 
~u.,,. a u..:r '" •rcdf}" a "'~"'""" uf cl.;....,m~ry •'f"'ll>ti<>n• 
"" hior~r.hkal 111\I<'ILir<"» "hich "'ill a<o:um,li<h hi• quocy. 
Su,·h lan~U.<i>-"" ""' o.><y h> lc;U"ll aM U'('''""" tb<'y cmpluy 

~ re" r.dh.;r ''"'"''' ""''"""'"' h> pcrfurm mul<l qucrict "' 
hior~rchk;,l <lmCIU"''· 

~'"""'' '"""""'b L'ff•'"' ha•• :oddn:•"<d 11>.! rn•hlcm~'¡•f 
f\o<lructurin~ and rc>trU•'turin~ l:lnF.U''l!C 'P:'"''''IÍ.>n fwm 
tlo: clcm,·nr.ory """"'''""' r<<Ínl uf,.¡,,.._ CONVERT. n 
hi~h-lcwl !r,;n,l.oti"n l.ongn;o~"'· pruvidcs a ~<ncn•lil<d ••· 
"'""'"""~ "·'l'·'~ilily fur hier.uchj,·:.l <lrU<IUr<>, Tho up. 
""~•··h ;, lo.•w~ ""''n lh< "'"'"CJ'' uf o ··~'"" f<mn"· ¡ji­
runju""''''" ,.¡,h o "'' .,r «'\lruclurin: .funolilWI• calltd 
"(,orm "''""f'~l;,no." Shu<hani" t;okco a <imilar ~Pl'"'""h lo 

• 

TARCET 

PERSONS 

no m~ 

' 
-· .. . 

rc<1ruc1urin~ ><·hc..,by a oc! ot .. .,on...,.lon fünnioa•" ;, 
uocd ui •P«ify u01ruc1urin¡: uponulons. 

In 1M clcn><nl:lry upor:~l....,l ~pl'f"::Ch. tbo _,..,.. <bt. 
t.:..o ;, c<>n<id=<! tu M • ruHee•ion olll:ita U, a :<peeifoc 

·, 

k'l'i..-.J slruciUI'C' on.l f~l. whilc 1bt IOIJ<'I <bl""""'. i> __ _ 
Vic><-.:d 00 '"""ftliolly thf: """"' <bia, hui itl a diiTCI\'IJI 
l..~¡:io·~l ""''''",.C. on<l furm.ol, RcOlrucwrinJ. ¡hcrC-t<n. ¡,: 
cun,.jJcrod tu M thoo pr<><ell u1 .=nipulalin¡: ohc ouu~ 
dal;< tn C<•nfurm tu lhc MJ;cl lu¡:u:;:<l SlniCiu"' ao>d "'"'"' 
>¡>undin~ f<>=u. Cun..,qucndy, rc<lruelurin¡: rcsc:u-rh ~n-. 

. in~ 1hi> ar¡m~och lum• uo><anJ lhc dcvclurmcnl uf I<N· .. 
kvol or "primilivO' opcr;oli""' w~ich lf'~n>l<>nn . .,;,.,..,.. 
ronces .ir""'' h>Jic·.rl •lruciUI'< '" nn<>lhcr, Q..., ad'•·an!O~ d 
•uch an "PI''"''"h ¡, tha1 ¡he ar,·hitC~:tun: elche"'''""''"": 
in' ..,r,W-~rc '}'"""';. s.u;uty ,.;mplificd; 11 dc~u lo a ><1 · 
u11.,.,·1evc:l •uhr,..,,¡...,, whkh currnpund dircctly 10 '"" 
ckmCM•~ <>¡oo:r..liunl. Thu•. a U>lruclurin¡:: >pcc_lfocali."' 



ron•i•t• of a «que .>ce nf primíriv<> v.il icb m.oy_ k cli...,ctly 
cunvertcd 1~ u '"~""'"'"" of •uhn,uinc c;oll• ""hicb l"'rf<lllll 
lh~ aciUal re<tfU<lurin~. Unfortunatcly, the """' i• 11<11 
•hiclclcd from any "'f><'CI• of lhc n:>UfUC!Uñfti.: 1>1! mlhl 
ll>oruughly urnJ<n!"nd tilo: funct;., uf c:och Ul"'f:'lion in 
onlcr 10 be .. blc to """ ;r. Cun"'q""ntly. tlle lan~. 
althuugh hi~·lcvcl. 01ill require• !he ""'' ¡u'"'"' "'"ruc· 
turing U«"nlialty a• n •cqucli.:e uf tuw.lcvcl •tcps. 

Scvcrnl othcr prul>lcm• ari>o "·hcn 1hc olc,.,nl.uy "~"'"'" 
tinns approach i• nprlicd lo '""nJ<·turin~ ndwork d"';o. 
haoo•. ln ~cncr.•l. clcm<nlur;· opcrnti<>n• ""' clooi¡:•"'<l 10 
opcr1uc <m sm:.ll. lt>~ic;~J sub>tructures cun•i•ting uf une or 
l"o n:co!d lypc• ancl a ..,,, lo prO<Iu~ a liCIO, loPcai 
substruelu..,. Dw tu llw: limit<"<l numho:r of Of>Cllllioas 
whkh may bo dcfincd. only a finito number of >OUrtt 

•ubstruclure< can bc valid cal"didatc. fur reotructurin~. 1be 
more comple• the •true1ure. th< gremcr tl>c probab~ity lhot 
Jt will contain sub,tructurc> whkh are n<>l valid candidutn 
(Ol the «:t of av.;l,.hlc npcratiuns. Con"'qucnlly, thc,.,.. 
llfUCiurina c~pabilítie• of clcment;uy Optllllion• docN>U 
u lhe coniplc>íty of the structure incre.Scs. f<>r this 
reuon. elemcntary opct:J.!ian< are n.ot ponic~larly wen. 
oui1<111o lk><:ribin; rcslntc111ri"5 tr:onslnr,..tion upon ca,.. 
pk• nctwarl. !o¡;ical <truct~re~. In aclditi<>n. a complex 
rcstructurin~ lt:lnsf~rm~tiun la'<umin~ that ir ma~ bc pcr. 
formcd by th~ clcmo"';ory opc11!lionsl wHI rcquire tite 
•pc<il1catinn of • comple• scqucDCe of elemcnt~ry opcra­
lions which is dilfic ult lo analyze ami ro undcfl\and. 

Arxuhcr clau o(rc<tructuringtran•formation• dl.>t ¡, ddT .. 
cu!tlo aocomplí>h Wilh dcrncntary O(>Crations is the extrae• 
lían of irnplicit infurmalion. We ha ve JK>Ínt.-d OUI tll.>t sucb 
translormation• ra• in thc uampl• of Figure 4) canDo\ 
usual!y bc de.crihed ~Y n <equcncc of opt"'-liun• on hicrar· 
chical oubotruclurcs. Funhcrmore. althou¡h thc~ ma~ be 
dcscribablc by scqucncc• of clcmentary opcr~tion• on fl<t• 
work •ubslructures. wch dc,criptíons ""' ;cnera)Jy long 
1nd comphca\cd. Thcrc lo .r.., re~n ID beline 111;11. ;(veo 
lime, d<•iJ:llcn o( necwarl. databua will """'""'" ~ 
inrrkacc melhod• of 1totina information impl~ÍIIY to u· 
ha~ll any oet of elcmcnlary opcrations. 

f"ollowing our an:olnry, it ha.o bcenfound to he utrcmely 
dllficuJt lo gcneraliu- lbc clcmcnl'lr}' opcmtions of hi~h­
level qucry •y<lc¡o1< to nctwurk datab;o•co." The cll:<n<:n. 
lary opcr~tiÓns oppruach to dcvcloping a query oy>tcm for 
~t,.or\; dalahaoc, lernls 10 bc reu pu .. cr(ul and much 
more cun>b<:nome lh~n it• hicnnhial cuunt•~•· lo 
&<ncral. 1hey ,uffcr ftum 1he •~me problcm1 cild ob.>ve­
limitcd ollu,.-:.blc input MJ\ICI~re:s. ovcrly complu •p:cir,. 
fltio;>n•. and dilficul<ios wirh link rccords and 01hcr implicit 
fn(onnation stora~c lcchniquc•. Thc hl~h·k\"CI acccss palh 
appro;ICh 1" rcslrucruring srew out uf ~llcmpto lo d~vdopa . 
re>lf\lcl<>rin~ •tr~tcH mure suilcd tu nctwurk do1obolsc"s. 

TI{ E ACCF.SS PA TH Af'PROACH 

Follov.in¡: !he ~urrent lrond in hOSI lan~u"~ dalobase 
•yslcm• "hkh pmccu tho n<t"·ork struclurc d~ca~>;,..,,. we 
el"'"' thc hish-kvd .. ~~••" p;nh" appruach ro rcsrructur-
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In~. The •ourcC, dawh'"" 1• wi""'•~ a• ~ l>ody of Informo¡. 
liun. '"""' of which ¡, rcpr...,nl.:d C\plicilly hy"lbl;l. and 
"'""' of which ¡, rcrrc,.,ni..S implidtly. i.c .• ""'Y be 
infe""d fmm 1bc da~;~. Similarly. lho: l.lflt"l ~ il 
C<ln>Íder.:d '" cuntain ~ ..,¡,.,, of lnt.>rm:uk>n "'prCiftrtd 
by lile""'"'"' thí• data;. """''...r rrum lnfurm:nlua pro.· 
viclcd h¡r thc .,,,,... cl~r~. E><"C"Utinr" ""'ructurin; ''""" .. 
form'-'tiun; rhcn. i• •imply lh~ """'"'' •>f tnov.·..,in¡: tllc · 
•ourco d~taba•c 1<> ohtain thc infurm:ui"n Q(cclcd lo crcalc 
lhc ''""'' d.,~,b.,.c. 01ncl >l<>rin; it ;~ec,>Nin; 111 th~ 1:1~1 
l<>¡:kul llru<lurc. Tho:r,• urc nomcn>U< '~'n><q~<"""' ofrhio 
appmach. Fur une. rc•<arch ;, r..-.uucturin; •po:cif>c:nion 
tums to"'""rd lhc dcv.:I<>Pfii<'RI ,,¡ rcmucturina ,pccifoc:arion 

.bnguo¡:cs koscd un tho c.>no:cpt• of acoc .. •tn.te;ics and 
sclcctfon crilcria. Sin<:e thi• ,,..,~ i> do..dy ref.,tN 10 quo:sy 
tan;un¡,c dcvclupmcnr. ~nain conccpt• rrum preYious,.,.. 
•carch in this arca may he utiliu:d. A ""cund cUR>cquence 
o( "thc uccc .. poth 11 ppr<>o1Ch ;. m.1nifcst in rhe octuaJ 
rntnoccurin¡: all!Orithm clovclupmo:ot. Rc1tru<itori"' lfl:i>. 
nolo¡;y tum• row:.rd 1lw: clcvdupmml nf al;urithms ihicb 
cfl'lcicnlly and e•"-<••tivdy """"''!be !ltiUrtt do.!Oh;uc and 
perfonn tests uP<Nt ttoc do.!~. r""""·in¡: ntom:olly ¡pccrfl<:d 

""""'" •t,.legi« ''"" '""' (ritori... Thi. ;, " r.odicol <hallJe 
from thc elemtm.,ry <>r<r.lli""' appn~ICh wb\ch t<nd• 10 
dcvolop luw·Jcvd ,u~wutinc>. 

The mo<t irnpunani cun..,qucn~ of this ·~prnocb ;, th;rd 
it produces pnwcr(UI ~Ct><rJiilftl ""'""rL rt<HU<lurin¡ ca. 
pabUitic.. Si""c rcstrueturif11. io ..;,.,.,. "' "" Of'C'I":ilion 
whicb ""cnSC< infutrn~tiun Uatller tbn m.•nlpul:ttn dala), 
lho ap~h ls unaff,'<lccl by tbc t..P,.-.11 •tructul"l! of rbe 
do.l~biSC. This indcpcnclcn<e (rom lhe lo¡¡ic:ol <lruCIUI"I! 
inoureo lhat nscntinlly on~ d.11aba<e ¡,o valkl c;ondidatc for 

.rcstf\lolurin¡¡. ,..,prdlo>< ur thc cornplc•itY uf !he ICjlical 
11ructure {hicrnrchócal. "~"""k. cte.). Furth<l""lfiOfl:. soo.trce 
ud luteetl<>;:ic'll ••ructun:• ,.N not cwcn nmu~cly n«:m- · ·. ·.-·; 
bJc: et.ch oth<r sin<:o thc 1~1 is cleri~ frum. inf""""'tioa 
providC\1 by !be suurcc r.11h.:r tban frum che: oour<:e srruc-. 
'""' it«:lf. Al«> !unJjkc ll•e clcmcltW"y ~nllc>ao ap­
p;ooch). impfiCil lnfur=tiun '""Y be extt:ICted and re:stftlc• 
lul"l!d 01 c .. iJy "' url~il inf...,¡,tion Ca• in fipl"l! 4)." 
Thu•, cxpl~ir infurm¡otiun may booome impl~lt ornl Yice . . 
von.a. 

fin:olly. lhc •Y"""' i• inho:nnlly simple. A"umi!IC lllal 
lile uscr Ju, 1.011>< f3miliarity wilh daW>:IICI :ut<l <!pplica. 
rions, 1 R>ln.octurin; opocif~C:~tinn laiiP"'P' ba.«11 nn app1i-. 
nriu""'"""t<d .. ..,...,.,., ••eh .. ..,en, llnrq:lc. and 
oelectlon crileria •huulcl ¡,., '""ily undcm<I<XI. f"nnh,-. 
,;~ .. oll re•tructurin~ <'fl<'r.lliono are exp,.....,..,d "' inf.......,... 
liun ncco,.in; prublom>. <<'nfu•iun doc• nUI •iJ.<nilkaally . 
increo•c ~• the comrlc~itr <>f rhc ""'ruclurin¡ r.-.n.r ........ 
!ion inc"'"'""'· Aa al~~>rithno cl,..,;gn..'ll 111 carry UUI Ibis ... ·: 
pn;:ouss is also oimplc and lho:rcl".,..,, <l,...;~,r,.,....-anfand -~;;~; 
dc!""ndo.ble. An r.'<tructuoill# i• ~rfonncd ia "" icleatlal ;:1, 
se<¡ucn~ of <t<¡>o. n:¡:.:•NI'"' o( tM panicul;o.r tr~n..r~ ' 
lion: {1) odtausti•dy acc''" 1hc .:..Urce dala uociJI\li"'l" 
lhc '"""" opccilkatiuno. {l) 1<'<1 dala b;,.<d 11n ocleclioa 
crilcrio. 11nd CJ) _i..,oto l01r~ct ri'C<lrd "''"""'"'""' cuntaínillJ 
lhe rrlcvanl dala. furo mure cumplc!c di"'""'"" of the 
theorcticat fuundatiun• oflhfo appn~ICh. ;.e R<fcre""' U. '• 



"' 
NElWORK RI;STRUCTURING LANGUAGE 

Thc architectu"' of the Nct""<>fi R.,..tt\ll'lurin¡ I.Jul~ 
h bued upon tbc hi¡:h-levcl opceif""'tian of a«c:u p;oth. 
~ m:.jor componen!• of thc lan¡:u.."'e dcscn"br a«n1 
•mllcJin and stl<otiun criterio. Acc ... olt~t•;ie:l are de· 
<cribc:d uoin~ an ncccu P."b l(ntcment which •pcciflco'tt>o 
tr~ven~l ••heme rcquircd Lo nb~;oin dato fut cach lnfF•'' 
record l~pc. Thl! "'lcctiun critoria <>l"bli•hC'> the ''"" :, 
(ond, indircc11y thc lnfllcl) doto requircmento, U wcuJ.; . 
beyund rhc ocupe ofthi• p;opcrto deKribc thc NRL in"· 
detall. A complote langua¡:c op<eir~~tion may be'""" 
Rcfcrcncc 1~. Ho,..ncc, lht tn:;iot pointo oC tl>o ~-''' 
will be dc•cribed. · 

Thc NRL i• c<.entially o bl<>ek·Mruclu"'d lo.n~a;e in 
wbkh "'":h ''l>lock" cunt:oin< 1 1in,lc wr¡¡n f't!rrml Z/<!1,.. 

"'~"'· Thcrc: ¡, one tar¡¡ct record .r:ucmcnt ror eoch record 
type in thc tar¡¡et d.ot"b•••· Thio 01ruc1nre ren«:\1 .lhc 
~con• P:•lh "pprooch for lh~ fullowillll r~MOn: cacb lar~l 
rccor'llly~ ;, C<IR>Í<lorcd lO represen¡ a ccnain quanliiy ol 
infurmo.lion which may ~ ob10incd 'rrom u,. ""'"" do .. 
b•""' eon~ql><nlly. eoth 1ar~1 recurd dcw:riplion conuLins 
the opccir~~•ion• for thc •DUre< dotllbasc otc~<lnit oc!Kme 
a. "'cll ~• lhc •c!oction criterio. Th <ocond le•cl of 
uroclnr< in lhc NRL i• thctt~r~rl ,,., JMum .. nt ("'e Figure 
S for lhe NRL >lrocture). El><h tn'llcl recool !l•lcmenl 
indudcs une or more targcl scl .,atcmcnh whk~ ódcnt!fy 
thc ":"" of whi<h !he tari'Ct rcoon.l lypc i• a mcmbcr. Thc 
third ln~l uf NRL •trocturc i>lhc au~u J><ll~ rtll/rnrrnr. 
Thc acc~n p;>lh ""'"mcm opccir,., nottly how thc ""'rec 
lo¡:i<:~r slfucture is lo be ¡,..vcrsed in ordcr 10 obt:ún 1he 
informotion nccc<.ary to ere ole M oc:cum:ncc of the ta~l 
rccurd 1ypc. Thcrc may be mony indi•idual acc"'' patb 
•t~lcmcnl•-onc ur mur~ for cuch lar¡;ct scl <lalcmcnl­
'incc !he inf.,rnwti"n which Cllntrihute• tn thc lor~cl record 
1ypc muy cnmc from ""•cnt! d•ITcrcnl ..,.,rec record 1ypc1 • 

T U(;),T RF.C'ORO ST ATFWf...,. 
T Allt"JI:T SH STATt:Wf:.o<l 

At"l"E<~ PAlll ST ATEMI:HT 
NI: .. • T ~MI'li:T rt> W !ITAH:o.tf.HT 
... >URI"H RH»KO.HATf.WI:HT 

IHM (JUAI l~lt"Ali<>N ~TATf.WEHT 
ITii~l ASSI<lNMiiNT STATHIEM" 
• 
• 

• 
• 

A<1:1iSS PATil STATI:~If.Hf 

• 
• 

TAM(;I:t SF.T ~"T ATI.>IliNT 
• 
• 

TAII{)IIT Klil"()IIO STATf.Wf:HT 
• 
• 

' 

Thcn: are two lypc• ·.,r NRL slalcmcnto lllbr fDUnb leve! 
of 11ruc1ure: !he ~ru· tnrprlr~m •t<llrmrnl, and 1he • .,.,,.... 
, ... ,w <rmrnrrnt. Therc mar be zcro or mon: ncw l:t.r¡ct 
i1em llatements for ~oth ac:un pall! ota1cmcn1. Sucb 1 

>IOI~mcnt indi<:aiC'S a l;g¡;et ítem whi<:h tceei•e• l consWII 
valuc c:.:h time 1 lafi'CI ~ oc:curreiiCC b con•lruCI<'CI 
usin~ the •pc<illod acccu pall!. s;....., 1<."«11 po1h1 indkatc 
OIIU<Iurc in tbe sDU""' daUJba..,. thc now ilCm ilalOmontls 
u .. rul "'hcn lnfocmulion n:¡>fC'Scnlcd >~mantlcaOy in lile 
s<>ur<:c otruclun: ls convcnod tu actual dala vatuc• in !he 
tar¡¡c¡ •lruclu"'. 

Thc .. ..,nd NRL slltemont al !he t<. .. nh lcvcl o( •lrUc· 
lun: is thc 10u,.... rrr<Jrd 1/arcmmf, Thc 10urce record 
•mC1nentldentiflcolhc ooo.C. record(<) Olltbc llCCtss ¡,;,111 
whiob W111 be u~ ;, lhe crea~011 o( a tar¡ct ricord 
oc:curren.c:c. lo obl:lin i1cm v:IIIICJ andlor ICII 1bc sou<ff 
data. Thcn: may be onc or more ""'I'CC record otaiCmcnlt 
for eaoh accc" palb ilalcmcnt sinoc dala may be obtaincd \ 
or <<"•min~d frum ocvcn~l difTercnl oouree tOC(Ird typ,:•. 
Funhcrm<>l<, ench souree n:<:or'll lypc may be opJiunany 
ns!U~ned an lnJrrt,.,mMr. Tiic indca number is uscd 10 
idcnlify uniqucly 1 ...Urce record wlll!in IR accn< palh 
wbich ""cyciC'S"" or ""loop<" bxk 011 ltself oucb tb:u lbc: 
l:l.mc """rec n:cor'lllypc ap¡>e1n more 11wt once. F;,ny. 
Ibero are 1wo stalemcntlYpel at thc r.nh ond fll\:lllcvel el 
NRL !Uueturc: thcy an: callod !he;,_, <JI<«/i/kOI/011 11<11~ 
mrm. and !he ilrm nui11nm~m Jlnwnrllt. !rem qualiflca· 
tion ~~~lemento are uscd to esrablish !he oclecrlon cril~ri• 
u><:d ·in ! .. tina !he ""'ree da!.:t. Con•oqucnlly, onc: m.ay 
•pccify a ~OnSiant ~~luc lo be wmp.orcd a;U!U a soureo 
itcm value whkh will d~termino "helbrt or 1>01 a l:u\:CI 
record oc:ourrencc i• to be Ch:::ncd UIÍ"' tbe C'llm:at S<l ol 
""'rcc dala. Thc it~m *"''"""'"' ot;Uemoal is uocd aeuiolly. 
lo obtain 1hc oouree ilcm voiUC"S and aulp lbcm to thc 
pruper la'llcl itom•. 

!1 shuuld be nu1od 1ha1 the NRL does nol cxp!i~it!y 
describe lh• lu~kul 11ruc1Un: of cithcr ¡he ""'ree or tarset 
da!~~. The Miehipn Data T""'oJa10r ob'lains appropri· 
lit descriptiono of the 1011n:e · and ,,.,..,.. dot3b.ua ¡.,¡,. 
pcndcnt!y of the· rcsu•oc:luri"' opecilklllons. The NRL 
tl>crcf..,.c. dhCrihn only !be iftfonnolloa n:levaal . 10 •M 
actual uan.rurm.,¡iun rrom sourcc lo IIUl;CI. and usu,.. 
lhal lhc t...,icMI Olructun:s ol lhc dal.>b:tlel havo hcC'Il 
pro~ion>ly ddincd and ~re ovailah!e lo the Restrucrurer • 

------
~~ 

Tiic NRL u:.mptc hu bceQ .,,.,..., ro inuUr:.l~ tl>c 
o"pahilily ol!hc t .. n~ua~ ro :<p«ity ""'ltuOI<>riiiJ ar'ohil~ 
li~ "·hieh may ""' be ,.,:KJ;ry d:u<lriC'd in termo o( hie~:~r· 
clti.col >lruelun:o ur olcm.:nt;uy op.:r;u\ono. Thc uamph: 
invu!v"' 1hc e>tn1ctiun u( imp!icit int .. rm:uion from a n~l· 
"'"r\ <110<1Ure nnd i• l:.kcn fn>m Figure~. Thlo u:.mrte i• 
r.:pr.>duccd in Figure 6 for c~>t~W:"i.:,.c. Tbe NRL tcquir"'-' 
lu aocumpli<h lhc ,..cc ... 1IY lr~n•furmallon lo d"""""'"'"" 
ia F"~t:urc 7. Tbe furm of !he: NRL 11:n h<cn !Umplilk.l 
.ti¡:lttty r .... elarily. Tbe bluc:k llnl<1ure of lht la~ =Y 
be ""'>ly ub>c:rval. lkeauoe lhc:re ore rhn:c targ.ot ~ 
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t)P<'· tbere are thr~e tm;et rocord •tatcmcnto, St~tement 
'12 hc~lns lhc NRt. <lc•criptíon for 1ar¡0t r«ord type 
Pt;RSONS. Sine e PERSONS is o mcmbcr el only ""e "'' . 
¡from tbe syote:ll ""<<11 Jcvdl tluorc ;, only onc t~t ..,¡ 

statcment (flJ. Statcment f~ •pecif..,, tbc so1.11U occc.s 

1 p.>lh to be use<! to loearc !he dato """''''")' to Cn>Ote lhc 
t•'llCl l'<'tord ly!>l'. ACCESS PATH•PEOPLE tPER-' 
SONS) describes "" n<ecu n:irh fr~m lile "'"'" SYSTEM 
n<>dc nl<>nr ser PEOPLE 1~ re""'~ lYP< PERSONS. S¡,.rc. 
mcnl #$ is 1tie •<>urce rocnnl stakmcnl lo indicate rhot 
""'"'~ recnrd IYI"' PF.RSONS io tu be u .. d lo obtoin 
informat!on. St:ltemcn\0 #6 a!ld #7 = ilem I>UIPJncnt 
otatcmcnto "'hi<:h indica1c tbat tluo volu .. in soun:c ítem 
typet ··name'' and "ou" are to be llSsi¡ncd ro tbe ta'l:ct 
itcm typcs "namc" ~nd .. .,;~." 

IJ NQ. 
h TARGFTlECOlDr'El.SOH$ 
J) TAWET SP:'T I'EOPI..E 

The NRt. d~"'riptíun' i-ur lhc """"nJ ..,.ord rrPe • 
ORANDFATHERS, h<:~ln• with •tatcmcnt fl. A11>cfurc. 
tbcn> b unly """ t~r~ct 101 .,~!•""'"' lf~l h«au10 the 
reconl typ.: U • ""'"'""' uf only """ ""' tC.RANOSl:.'T}. 
Statcmctlt> #lO, #ll, ""d fl! "''<''Ífy th< -= """"'' 
p;¡th to bc "'"" tu uhroin !loe tlc.ircd inf<'trnali<>ll. Thi< 

. ••"•" >lmlcgy may bc ,ummari>.;., •• ful/uw•. n,e I.INK . 
rcontd typj, in !he •ou= ~n~><.tol< th~ rdat~>n h<tw,.,n­
por~nl< onJ ch1ldrcn. Oí•~n a potti~ul.lf PI!RSONS r~<'onl 
oc<urr<:nco. onc "'·'Y """"'" ~11 uf h•<lb<r ""rento hy u<in~ 
tbc .. r lYP•" PARENTS """ CHtlDREN in «>1\iu...:tiun 
,..-¡th the LINK t<e<>nl rype. o,. >Írnilutiy ubt'lin• -atl ""'"""""'"¡, uf a pe....,.. l>y ,..,...~ ólll p:lll'llto of ,..,,.. 
~nll. Thc :><ce" P«lh •t~lemetol "" linn #lO. 111, all<l #1'! 
d .. c.ribc• !he es..,nc< <>f tMo otnu~~y: u oc .. 1 PEOPLE ro 
tl>e PIORSONS r~curd type. thcn .. , PARENTS lo tbe 
LINK record IY!>I'. thcn <et CHILDREN back to ihc 
I'ERSONS "'""n:l typc, th<n 101 PARENTS h.:ack to 1bc 
LINK rtton:ltype, alld n~~:~!ly, 101 CHJLOREN h;ock h>thc 
PERSONS rttnnl type, N11tke thattl>e OOVI'C<' 1«0n:1 t)'Jie 
PERSONS is ustd thrC<! time• ia tl>e ..:or:u p:rth s~if~ea­
t',nn: ODce as 1 pcnon, o""c 101 1 paren!, a!ld oao:e as 1-

an•ndpo.rcnr, Con,..qucnlly, •h• IIOtlrc<' rttord 11n1emcnt 
1 f IJ) m u" indio ate "'hkh <uun:c ~roup PERSONS 11 1<> be, 
u•<d, Since thc PF.RSONS record whi<h upr~ICnts 1r..nd· 
p.>renr• ;, thc fiflh r<<urd ,., rl>e """""'' p~lh, tNDEX .. ~. 
mokn thc nccessuy dislincli.un. St:ltc,....nl f 1~ ;, añ il~ta _· 
qualifocallon ot:lt<m~nl which il <IICd tu oclec1 onl) rnale 
lrllldJ>arcnll lo yield ""ll<lfathcn, the duired llftel ~ 
ord Jnfurmotlon. Sra•cmcnl #1~ ani~n• rhe •atuc: in thc 
s.ource itcm.typc "name" ro tbe t,.-¡er ítem typc "name," 

11 ohould be dear tll•t thc tatJ:Cl record lype PARENTS 

.,. 

,_. 
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i• ~r~;oled in a maMer •imilar lu lhal or ORANDFA· 
THI\JIS. ~•c~pl lh;ol lb~ acc~•..;n~ dr.>to~y Jo oimplu and 
""""lc.;tie>a crilcrie>n i• "'quircd. 

DP!:RATIDNAL SOFTWARE 

Thor.: nr~ basically two appro>;ochos lo irnpk....,ntin, lhc 
module• ul a data lr~n-.lat"r. ~on<r~tivc and intcrprelive. ln 
!he ¡:cncroli>o apf"'"o~cclt c ... b module ¡:.:n<r:olc• ~n objoc¡ 
pr .. ~r;om which. Wh<n «c<utod, pcrf<lrm• th• dcoired funC• 
liun uf lhe d;ota mon•lator. The ;olv;on~t~ of Lhi• oppr.:oach · 
i> th~t dlidcnl mochine codo moy bo ~n<Mcd for ea<:h 
"f'J>Iicatiun o.- function. Tltio cfficicncy m:oy hc im:lcvonl, 
h'"'"""'· oincc tr•n•f"rm;lliono are r.>rcly 0\0CUicd more 
th;on llllCC. Th< di>ad•·•nta~ <>f lhis appr<>a<:h is tbal lwo 
pha•c• l<odc ~cncraliun nnd mudulc eucution) are ...,. 
quircd IU arrivc al lhc lin:tl <esult. 

. Thc inlCIJ>rclivc opprnacb consisls itf ~ 1ohlc-<lrivcn pro­
~r.lm lhal i• ;opplicablc lo aiJ pulcnliallr.on•fonnationo. The 
di"dv;mt;~ uf lhi• upproach ;, 1hc po.,iblc incmcicncy of 
a [!o'ncr.ll P<IIJ>U>e interpreter. Ho"<ver. thc pro¡:ram is 
~a..icr 1" ur>dcr>lar>d and dcbq. 

Dvcr•ll. lh,• h;,.k deoi"' objcC1iv• of u,. Mkhi¡;oq Dato 
T r.>n ~-""' ;. tu (lll>vidc ;m orocr~t~>""l ..,¡"¡,,art oy>l<m for 
d~mun•lr.Uil\1'. tc.<tin~. and valid,llinJ! "'·'""rch f<<Ults <>n 
~·•~r.olizod d:tla lr~nol~tors. The primary d~si"' S"'~l fur 
lh< Ro<lntcturer module is the iocwporalion of s~neral 
nctwm~ f•'>lntClurin; C1>pol»litko." Duo !o the ptdl<>lyp= 
nature uf lhe ~1<k. ~nd lo r<ducc the im¡>kmcnmtion lime 
and cnhance 1he <~porimcnl>lion and validalion cffort, lht 
>implo>l and mo" •lrai~hlf'"""'" ol¡:urithm was "'l«tcd. 
Cll!l...,qucnlly. litll~ cmplu<i> '""' pbc<d on e><Cutioa 
efrodc""r· Efrocioncy doyclopmcnt "'""'ten to futu"' ver­
""'"" ,( lhc Mkhi¡:an Dala Tran•latnr. 

Thc dcci'i"n lO ""' nn intornal OUMS as nn im~lcmen11· 
!ion h~>l .,.;,. rn;ode eur1y in lhc de>i"' procno. lt"renocto 
the nc«l fur an cnvirunm.:nt in .. hkh sysl<m tuNes -
>har~d hy lr.o.n•lat"' "">dul<>. an,J c•h:"'J!<' llfl~n in lizo :utd 
c"mrl,•\ity. ln addili•'"· •incc thc Michi¡::on Dat;o Tr.tn>lator 
"""' dc•wl"f'<'d in;, r.•><an:h <nvif\lnmenl. 1hc La~lc dc>i~nl 
lh;•m•d•·c• "·ere '"~jc.:l lo""""""· n,.,,er......,. sume olc¡roc 
uf c,·n!r~lorati•>n. inlo~rily ctlnlml. """d.-u~ in.Jcrocll<lcncc 
r .. ,. >plom l;ohle .... ,. doar1y """~'""Y. Tho lrdn!Jalur uses 
"MII/.1/S. • OIIT().¡yl"' DOMS dcwl•l(l<d m thc tlniver.itY 
uf Mi,·hi¡:.on ~Y the ISDOS l'n~oo•.•• All iliotahMeo.ooccpt 
t!>c "'"""' ;md I:OI]!Cl da!ah;o"''· an: ADUMS d:IL~. 
T1•:¡· "'~ lll.lnirul•1nl hy ADIJMS ">·crt>." ahich 1"~~ thc 
f.,nn ¡>( Mlhr<>otinc C;oJI•. . 

An¡~thcr dc•icn dcchiun 10 l'"""idc ~cncr.oli1y anJ lO~""' 
th~ "'"urlnilY llf 1he Rc,lrU«urd• impl<m<nlatioa re• 
"olio~ in lhc d<vd<>jlm.:nt ""~ U>C ul an iRI<rn:.l dab. 
form.'·'~" A• oumrn;,riud c:u1i<r. ¡he Rcod.:< '"'.Julo ia lile 
Michi¡::on o.ua Tr.on>lal<lr ""ce"'"' 1hc '""n:~ d;tlah•"'• ami 
cunwrh it inh> lh< inlorn~l formal "'-•llod the >nurc~ ll<o• 

>lnJclurcr fntorn;of Fonn •ou"'• RIF.ln ...,¡,¡;(oon lo....,;,.. 
tainin~ the IOfi<:ol otn~eture ult~ ""'""' datatw.!. lbc RIF 
d.~t:ll'Q"' bao r>ddil;,;...¡ s~tm acc~n .,.., lo ewry ~rd 
IJI"' whkh r...,;r,t.ota rasl xccu by the Ro•1rue1urcr. 

11M: fu"...,tion ofthe RC>IntClU"'r aJs,.filhm lo lo providc: 
nllthc re•lntcturin¡ <ap:tbilitioo diocus,...d in th<lir>t p:u1 ot 
lhi• P•l"''· Sincc thc Re"Jcr 011d Writcr muduleo i>olalC lbc 
Rc•tntclurer f<o"' tbe sourcc and t"'l;Ct dalobaseo, , the 
Rnlructurer ...,.d k t:lllore..l 1111lY tu handle RIF databasea, 
Tbt Rc,!ntoturcr. then. is co .. nli;dly on AOBMS·sr'«:ir>.;: 
dala lr.tnlll·dtur ond is dln'Cied by lhe contcnl$ e>f the NR(. 
!itbles. Tho h;nlc cych: uf the Restruclurcr io divided into 
fi~ ph""'' a.• indic:o"'d in Fí"'rc l. ' 

Ourin, the fina ·pMsc, Ta~l Control. the Rcstructuret 
dctocmin.::• the neAt 11cp in its traYon.:tl of the '"'JCI l<J&ical \ 
5li"UCturc. Thut ;,, a ta'l;el oc!lr«:urd poir is ..,lccted for' 
ce>nslruc:tiun, as•is a curronl occen poth 10 di~ !he 
constntetion proc"'s. The p:1tb1thnttbe Ro•tructurci la~;,. 
in trnvcBinau..,- ~1 da~o;tw.! are ealled ··construction 
p,a!hs," They are dofincd imp!icitly by lhe TARGET SIIT 
ond TARGET RllCDRD >lalcmcnt> suppli<d by tbe ., .. , In 
hi• NRt. opccilieatioa. 

Dufna lhe Sourcc Accoullll phax. the Reotructurcr 

INIT ' 
' 

1 ' 

' 
' 

TARGETCONTROL 

1 
SOURCE ACCESSING 

1 " 

QUALIFICATION 

¡ 
-·~· 

CONSTRUCT!ON 

¡ 
' 

• LINKING' 

" 

•' 



ckiOmline• 1be ne11 11~r in Íl> lr;oveB:II or lile-~ RIF. 
~• lndi<~lcd hy lh"- cnm:nl acocu ,.,¡h. In cucncc. »n 
~wc•• f>.llh io a con1inunu• li>l" uf .. ,..rcc rcla~uno "·hich 
indÍ~~ICI lhC Jo.>calion Ín lhO SOIII"CC of Ínform;~IJUn r~uircd 
10 crc~l< n ""~<1 in>!:lnce. 

Thc ru'l'o>r of Sourcc """""in~ i• lu nh··•••tivdy 
•~an:h for cvery pol~nli<~l la~t record uccurrence lhllt 
r<>uld he crcutcd from lh< rocordo un lile oource ucccu · 
¡>.Uh. When u ncw tc<UI\I '"'""""11<< lo f<>utw;l. lhe Rc>lruC· 
'""'' cnl<fl thc Qual\f"'"''"" ph.oiiC. lr """~ io '""""· lhat 
h. wbcn the uccc•• r•lh h .. hec:n •~~>livoly c>umincd. 
11\c Ro,lruCIUI"Cr rclumo lo thc T ar¡:cl C<>nlrnl ¡>h:IIIC. 

11 ;. dUri'l¡l 1hc Qu.,lifo:~li<>n ph:IIIC 111:>1 lhc Rc•lruclurcr 
implcmcnll lh< ... ,, ""•elcclion <ri1eri1."" Tbc ""'= 
recotd orcumnccs un •he curn:nl ""'"'" oc<cn l"'<h ...., 
rerric.:cd ond •11 •P<"<ifoo ;,,."" lo lle ~u~lincd are 1011~ 
a;o.inll lhc Yuluc¡ ll"'dfi,-.1 in 111< NRL. lf .,¡¡ of lhc 
orcurrcncn "'"'· lhc Re,lruelurcr ente" thc Conotruorion 
pba.~c. Otl,crwisc. lhc Rcolrurluror rctumo tu rhc Suurce 
Acceuin¡ ph"'" to flnd nnolh~r ~>eceu pnlh. · 

Durina thc Ccn•tniOiian phose. sou~e =onl aceur. 
r~nce¡ ol~na !he our,..nl ncoon pJth are rotrievrd. 0.1a 
ilems are utrno1cd. eonvcrsions ""' pcrform~ on rhem ois 
ncccss.ory. ~nd lile) aro •l.lrcd·into a new lor¡d =onl· 
""""~nce. 

The linlins ph~.., ;, lhe mos1 complu phllsc in !he 
Resllll<lurer eycle. DO>ieally. ilo .iob is to conn«l !he 
"""1) ere~1ed 1ar#01 re<:onl oreurrence on o!l oppropriote 
l.afJCI o<l&. This io no >implc task because: 

r. al . .ny aiven momrnl. all porcnlial p..rcnl record 

l. ;'~~;.,~~·::~:.~~~ e~i:~· be indomplcle bccnuoe 11 
""'Y cbhtin J!'lrtial dato from coch of severa! 11<ecss 
p.lllhl. 

Durillj Linkin11. lh< Reslrucrurcr rclies on uscr--speciti~ 
primary kcy i1em1 fur delerminin: "helher ln11anccs ore 
uili~ue. Eil<:h rime a t~r¡:cl record occurancc is creatcd. lhe 
Rcllruclurcr muO! check all!hc rttonls in !he ro<ord lfpe 
and n>II1J!'Irf teyo ,.·Hh lh< neiY!y erealed rc<onl. As trt:ly 
bo obriou,. lhis is MI dTici<nl. bu!;, nccen:.uy ;ivcn 1hi1 
p.~rtkulio.r implcm.:malion. Upon <:i>ll1plclion o( ¡his ph&$C. 
conlrol is re1umcd •o tl>c Tal"f,'l'l Control pl>:u..c. 

The RcslrU<Iurer """" wriucn prim~rily in ANSI FOR· 
TRAN 10 simplif)' codin~ nnd mo~imize pro¡tr~m J>UMObiJ. 
ity. In ~ddilí<>n. oome I"OIIIÍ""' "•«·C"odod.in.~"•"'l>l<:r 
l:in~u"¡:e lo f'o/lf<lrm •r><cialiud funclion• nor •••ily acco,.. 
pli,hcd in FORTRAN. " 

Approxim;,Uly :<000 lin'"' of FORTRAN <odc wcre re­
~uir~ 10 impl~mcnl lhe pruhl1l"l"' R,-.;lru.:IÍtrcr. 1t nn la 
<;OK ""ordo <>n a Honcy .. .,ll H6000. and roquírcd oppn>li­
n;¡tely 10.000 CPU ""'"""' <o cun•rn.ct a rar#OI RIF 

dat:>tr.. .. eunl"lnillj !~ro< un! or~um:nrc•. nn a ver:•#" or 
4 ..,~otw;lol•c~uru. Unfununardy, 1bc Rr>lruclqr,.,"• uecu-

' 

lion lim~...,. foull<l tu h.: """"'""•nal "''"" "'~""'" ol"tlw 
numh<:r or t;u;~r roounl ... ·cum:nre•. ~nJ ~n ~>ver""" or 
1500 •Ccond</rccurd """' p"\i<CI•"<~ r.,.. ~ t"ll'"' d:11~t>:t.c of 
1 50.000 rccurd <><:curn:nccs. 

SUMMARY. PROBLEMS. ANO CONCUJSIONS 

Two •r>Pro.,chco 111 thc .,..,,,,.ctit•a of ,..,,,ru,1urin¡: t.;,.: 
#I'Úc• anJ suft~""' r...- ,..,,.<>1\ J~•~t-...· .. ha•c bc~n 
P"'«nrcd. Tho <1<~~~~:111....., llf""r~lit•n• ap-[><U.-..:h. allt...>u;!l 
dTocli~• wi1h hiornn:hkal "''~aba>.."> • .r,..,. rull utcllll .,.,.11 

1.,; ""'"""'d."~""''"· ThC ""'""" p;11h "rl'"""'h· In "·hit:h 
aU •uureo "ructu~ ""' trniN in the "'""' ""Y· i1 ~­
""lur:llly suih:d 10 eumplc• ""'~·url; lrdn>furrn:~tiun•, 11nd 

· powerful restrue~urina c..,...Ntlric• ure <•blnincd. · 
A Nerwur!< Rcslruclurillj 1••111:••~• (NRLJ boooed en the 

hi~h·lcvel spccincallon ot ~._.,., pmh• w!l1 dc~clopec!.lr lo 

es.entiaJiy non·¡>r<>Ccdurul. und it1 t.••ic cnn•trucJ'-<!c<c·u 
path• and ..,Joc1inn cril<:ri-re r=ilior Jo uoen of ncl­
work databO!cs. Theoe f:~elon llelp. lo m:d.e ir tci>CI"lllly 
u..,r.friendly. . . 

Th• an:hile<lun! <>f an <>pero!lun."ll NRL...!riYCn Re"'""" 
1urcr was di'-"u•~. Tllc in•cm:.l DBMS u....S "' an imple­
incnlation lll<ll pru•·cd val,..blc in !.be ..,;1111Cli<>IÍ Ot !he 
Re~truc1urcr. lt airo,., l:111·mlnu¡e d,. ... ¡p ch:>ng<o lo he 
incorporo1cd ca.~ily atw;l provldn al':lciiiiY '"'\uní~~& iMCr· 
nal data ""'n.1;croenl.· 

Expocri<ncc wilh lhe Rcslnrcturer h:u n:walcd twn ~or 
problcms. First, ua nolcd abow. execution crro:icn·ry,.... 
no! a primory ouncem in ill deo~n. l1 "'"' cspccted lhollhc 
prcJ<>lype RcOiructurer wuuld lle 11uw bul pnter!calto uso, 
and rharemdency enhnnccmcnl• l<·ould lle OOih in lo subole­
~ucnl v<l"lion•. Unfunun;,lcly. ••cculion lime IYal propOr. 
tional 10 lile •qu:Lre or ti>< nnmber of Jhe laiJCI neoid 
insto.nc ... Thc cure or rhe pn>hlcm wus lbc al¡;nrilhr¡j 
cho .. n for lhe IJnUnK pho .. ot resrrueturillj. wbil:b kd to 
a wry Jar&c l•pproxlm:llrly )000.FORTRAN ot:W:mcats). 
vcry llow Unkcr module. 

5econdly, allhou~ lhe COII<IniCiion o( 1~ recon1 
inolanccs """' c:nily •P.."Cifó<d in the NRL. lhe ~. by 
whioh tnr;el .. ts """' ,..,ablbhed Wll:l ~ui•c opoq...,. In 
faet. ir ""!uir«< a """' wñ1in1 NRL dciOCriplions ro un<kt­
lland ccnain fcalurco uf rh< R .. lru<lun!r a/~orithm. This 
diJTkul1y eomprumi•"<<lh~ NRL ·, claim to lll>ft·proccdun.J. 
lly n»d US<!r·fri~ndlinc,.. · 

llolh uf th~<c rr<>Mcm• hove h.:en" C.>l"l'\"~l<d in a •ttolld 
vcrsion of 1hc NRL '""' rhc R"'lruelun:r. Thc t-.u.k NRL 
01ructun: rcmain• unrhonj!<11 Ol!th.,u;h de., p;uho a"' no ~ 

· loo#Or rcquircd '" t.. <lricU¡· lilll::>r-lh"y ·may. 11e 1~ / 
"ruclun:d-and ...,¡,un: upl",.illy ootahli'hed in o ""•Y 1~ • 
rompklely hi~co lh< rc.,ru.:lutill¡l alj!llrithm fr"m tl>c uWr.' 
Chang.,o in rho R"'lnn1un:r"s ~lj!<~rilhm utw;l onh;,ncomcniO · 
lo AD!IMS. wh.irh m.,inrain• lile 1.<1UrcC an.1 la'l'CI d:.,._ 
bo.sco in lhdr inlcmoJ f<>rmt. h:>ve lo..·en:d c>ccu1¡,n rime 
lo. linCllr '"""''"" or lhc •lu o( ¡be t;UJd data""'-< (wirh 
whaí ap¡><;>r~ lo· lle on oo<"t'plable slui'C). "The ro:<dcr is 
rcferred lo Rcforonce IJ fut l!l.:un:tlcal dclaifl; of the 
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· The intclligcnce cycle--,-A differentioted 
perspective on information processin~ 

by PETER G. \\'. KEEN 
so,,¡...,¡ u,., . ..,k.• 
so ... roo~. C-"fonoi.o 

A!!STRACT 

Thi• hrief posilion p:opcr p~Ocnl• a frnmoworl< fur mnppin~ 
<<>mpurcr-ba<~d infurm•uion oid< onlo 111<! menta! activiti'"' 

· on,.-lwd in rhc full problcm·><>lvin~ proccss. U ¡~rgues rh:!t 
1~ activilin otc ~<>1 dc><rihcd in tcrm, of opcr•lor<­
lllo vcrbs and commund.• !llar tho individual uoc• in a 
JI.'MÍ<ular sr•G< of 1he lnoclli~cncc Cyclc. 

Thc cyc!c h<~in• wi1h Di•c<>very. Lhc rccn~nition ofoomc 
,,~nal rcquirin~ '"'P""'"· Oi>~~:ovcry líl1ers dar~ in1n infor­
m.oli<~n nnd mainly involvc> op.:"i::olor; lll'!l oucnu:.uc or 
~mplify da~.:~: ''alcrt;' "kecp lrnck of"' (arnplilicati<>n) and 
··wmmmizc," :·repon awr:¡ge<'' ¡otlcnuation). Fcw cum­
ru•cr l<>JI> suppon amplification; Thc ••corw;l •t.i~t· Jnltr-. 
~tdalion ;, onc wberc lf1c m;,chinc ~encrully oulpeño'rm• 
tho human mind, C>)>Oci¡¡JI~ in infercnce and 51nti•llc~l 

•n..l¡·•i•. E•amplos cf openllO(• for this .~.,ll< are "com­
J"'fc," "revicw" ond "•u¡¡ge>l."' The final •logc, Analyol•. 
" ''"'"~~~ ouppunod by "'"""~omonl soicnco. copcdnlly 
'"""'~h optimjz¡,tiun modols~ typicul o¡,.muor. ""'"leo! 
lhc imp;1ct o(" nnd "ov,,luato." 

Nuno ot cur.currcm tuol• •uppol1s lhe full lntell ... '<'nCe 
<l<l•. Thc positiun p;1por sUU<!Sls th:lt lhc devclopmonl el 
• ...:i<nce ot inform;ltion-procc .. ina mu>t both i~entify U~e 
m~nhive oper•ton undortying tho activitio~ within t!IC 
<)do :.nd motcb thc lcchnicoi l><l'•ldi"l: blocb lo thom. 

1.\'TRODOCTION 

O.•..topmonts In lnform.'ltion·proc .. •ina are moinly driven 
h¡ t«hnol"B)'; ncw tocls ¡!<'neratc ncw """'· Ao relnlional 
""'" ha•c or potlcm rcco¡:nition m.clh<Xlol"';in movc from 
thc bbor~tory lo commerdal uvoilabilitY. · wc . wm. e•tcnd 
'"'' ... ~ility 10 holp K nowlcd~c Workcrs makc more cffo:ctivC' 
•o.l m<>rc of'lkicnt u!IC of thoir informotion "''""o:••· Thio 
r"""" i• fr:~gmontod ~rol rclin on "'o:ndipity; i! airo 
'"'"'"'~'lile b=dcr conocrn: 

\o\luu is the objtcllv~ of lb~ odcncc ot inf'onruulon· 
rr""c'..;"l:? · 
Y.'bot ore tbo oc~~itico it• lool• •uppon a~d ~u¡;menl? 

n.., oim uf lhis prc•tnlotiml ls 10 •top hack and ""'P lhc 
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tcchnolo~y into it> cuntc•t-thc ~ ... ·k uf lntel!i;cnoe, a 
proce•• of Di>oeovol)'. lnlCIJ"t't.llÍ<>n and Alllllyol•' whlch 
bc~in• frum an lniti<~l :~>n~rcn<., el a ••imulu• or prublom 
nnd ond• with a dcci•iLLn. D¡· d;lrifyi~>¡~ !he openuion• 

within thi• <:ycle. we "'" hoth '"""'"" th~ lcchnique• ,... 
now h,.ve :~nd <k:tino thc ar.:a• <11' mo<l ~~e.:d ur><l p.,yutr, 11 
¡, 1hi1 nnaly•!. that •huuld drive thc lcchnolo¡y •tnd deter­
mine: the tocio we rcquire. 

The ocbcmc P""'Cntcd hcrc ;, a p;uu<li~m. '' cnncepn:nl 
f'mmcwo!k for ur¡,mnizin~ cumnt knLLwlcll~'<'· n1thcr tbon K 

form-.~ th~nry, h derive• ma'•nly frum •··~nitive p>ycholo¡:y, 
thc !ICicn<:e uf hum;.•n infor<natiun·p""'c"ing.' lt• cmpha•i• 
i> de•criptive: bcfoo: we """ p""'cñ!>e tool• for improvins · 
~n •ctivity. we must tir.t do,oril-oc it> dyn:•mlc. und con­
lcd. In ~enc:rul. our lechnio"! focu• "''" ''"''""" prc""riP­
tiun ''' tlle "'""""" ot th;. unde,...tandin¡t.' 

Thc p;<nld\~m clar'1fiC• """'" tnL<Iitiolllll diuinotiono in 
di,ouuion. of hurn:lh "''""""" tu ""d "'" of inforrnution; 

otruoturm · 
dat.i . · 
quolitative 
problem.flnd'•na 

venus 
VOI'IUS 
VerJUI ....... 

unslruclured 
infomiRlion 
qu~nt!t•tiv~ 

prob!cm-_10lvin¡' 

Thc preo.cnlntiun ;, innucn~t.J by Milltr'•' dolinitiun ot'.l· 
psycholo¡;y for mun·m;•chinc ·~•lomo: "" herc, he olmlbutf 
focu~~~:o on lho llrl/1'/ly uf infurmatit.l,..p~••l..,., In termo·, 
ot opeOI\ors-vorbo •uoh ""·""•how one," ""'"Q" und 
··oumiDllriz.c." Tocl• c~n bcot bo undc .. u>OII in rel;otlun lo 
lbc Dpmti.Lih they ouppon.' 

.T~.~~ CYCLE OF INTELÜGENCE 
. •--

Mo.e c~i>tin; tool• a•<l•l a Koo,.·lod~c, Worter who 
.,l,..,ady h"s u P"'l'<>"': a "''"""'hcr "'•nnin; u datuh¡,LLI:, a.n · 
mnnlysl reviewins u •itU"JIÍUil. ur 'a rn;'"'""' n:~u ... linc 
summary ropon •• Tho lnt.'llj¡:c....,c cyclc holtln• W<!ll bofure, . ·:,'; 
lhi• •Infle und lnclu~c• Oi..:•>Wry-i.lcn1ifyillfl and Lkt'lnin¡ -.;.~!: 
!he pruhTom ·•nd puLpo>,.., Al ~n e~trcme, lho Knowlcdsc;~ >' 
Workor oill< d"yd...,amina whilc. thc wortd uround him .. '.~., 
rnndomly throwo in hl• di...,.,tit.>n · ,;¡,n:~ '"'~ nui'>C. 'l1>e .. · 
cyde bo""" ·<>¡[ly wh"" he ;, ~lcrtcd 11>. oomc •i¡nal. ' 



\ 

S..m~1imc,, the Ohco•cry P'"""" ¡, r;>"ivc; he may ...,¡ 
he m:tiwly •ca~nin¡< hi• cnvlronmcnl, llc m;oy lhu< ovcr­
k><>k .. rdcvan!'' d:ola, 

M:on)' nommcnt;ot"" ha ve cmphH>izcJ tbat Jo~/fl become< 
i'l/""""';"" 1>)' ho:Ín~ filtorcd thn>U~h ><>RIC mcnt;d model 
th;ll &i•<• it me;onin~ ~nd rdcvancc. Tb.: mind Olllpc<fom" 
,W,, c1•mrutcr-l>;o•ed ,,...,¡, in thi, pro<""'· "'hi<h ~lies ot1 

~lcrtne"· p;oucrn-crc;<li .. n ~·" p;otlcm-rcco¡:nitlo.r>. or 
cuu.....,, hum.m limit;•lion• un mcrnoty. ~ucnlioa.,...,. ""<~ 
c:o¡>.>cit)' r,..- ,,,..¡miLotin¡< tu~c "'~'""' of cb~, m:~ lo mxhlne 
•<>Pr><•rt inv;olu.1hk in m.tny in•l.lf>OC>, 

Di>CoWCfY filtcri d~IO inlo inf<>rm..tian.' In mony .,..,Y• il 
¡, thc kc}' ''·'~"' in !he qdc. in lhat 11 lnvolv"' probkm· 
f<nd'1n¡. Once olcrtcd 1<> a <igll:ll, "'" can ,cncrn!ly re•rond 
lo!! if 11nly thruu~h '""'" ho.,cly ndcquatc rule ofthUmb or 
11andard <>p<ratins proccdure. but we m•Y oasny ;,....,¡,...,~ • 
putcnti:<IIY uilical ·i~naL !f ,. .• •~n ><a>n ""'"' a!mly nr 
pruvldo htner fil!cr•. "'" roduco the ri•k or do<n¡: ><>. hut 
the eff<>M ne<ded ""'Y C\otcd Ullt ,.,.uun:e.. h ¡, thuo 
lk•ir:o~le tu aurom:<tc p.¡n or tho fihcr. W!t.rt .,,... lA~ 

rritrri« ¡,., J"in~ '"~ Tho !e<hnk:ll f<>eUS doe. 1101 in it,..,lf 
def1nc nnf critcño.m. 

StafTunJ nocr.• tl>e Drithh cyhcmctk:~on. dc><nm tbe 
frhor in !<rm• uf ""''nltolliom and ""'1'11/'l<'lllNm, Oi<eovcry 
rNucc•.ch.l<h tu •i~ul.lrity. llu~e volume< of d<tta ~,.. 

,ncnu·.<l«< thn•ul'h <umm.¡ry, •clocti"'' and ~11ion, 
Kcy ,¡~nal• :oro :unplifi«l .ond dr:own tu our attcntion, In 
¡:.eneml "" haw n<.<ny tuL>I• fur .Liltnuatiun-f<>t rcdudn¡¡ 
the lu:od "" "'"limite<! an,•ntion and cap;odty; mo<t ropon· 
in' •)"l<m• nri"ni~o m."' d.'"' intu .. moanin~luf' .<um­
m~ry. llocr ~i•·c• an C\;,mplc <>f umpliftcation in tbe CY· 
Bliii.STRIDE •r•t<m he h<lpcd huiiJ for tbe Chilean 
;uvemmcnt.' A f<>rcc~•tin¡: :~l¡;urithm, h;oed on Dayc<i:ln 
dcd>inn th.-..•ry. ti"Afl' tho ''"'''""o( d..L1 'on on¡¡oiR~= «"1:>­

nomic :..:ti•i•r :~nd '"'" if """' •i¡;no.l• imply a clu.n¡;o in 
curnmtlr<n.l> and ~ow..:qucntly ;1 neod tu rcvN: the mental 
m...Jcl: if thc¡· ~~~ "'~ ti•~ ,¡,,, l.• ¡~.,.,...d and !he Knuwl­
cd~e \\'urk~r ""' ~urJ~ncd wilh Í!, 1/ the inpU( implie> n 
shin, th~ ,i~n.<l ¡, amplir>cJ and thO wurl.cr alo11<:<11o it. 
· Thc upcr"t"" rol~"""' ''' allcnu:llk>n induJe "aleit.'' 

"k,-..,p lr.•ck .. r· and "lu••ato any Ji,..rcpanoy."· Tho"' 1110 
cl~:~rly JifT<ront fn•m ";umm·•n•c" \md "repon ucr..jco." 

upcr,<ll'" td.llin~ '" """"''"'"''"· tnf .. rm;lliun lool> ror ,o;..,,,.,l) •hu• n.:od '"he ,/iQi·n·,thurd. We h:>ve r~r more 

'"'~' f<~r ·"'''""'"'"" til:<n r,., amplirk:11;.,n; ,;...,0 thc l:>ncr 
;. ,,,,r.l h• r• .. ~J.·m-findin~. lhi• ¡, dcorly ~· -..rca<>f P"<>ll 

fK>lcn<i.>l f<.<l "IT in lh-< ""'h:.~ive '"""'''~'""'"' ul new \oolo. 
Att•"""·•••">~ inr,..-m.,ti.•n ... -..-..h intorrr<tatioo "hile ampli­

fk.lli<~n lo.u.l• '" ·"-''"~h. \U a '"'~"'""" tu tbe •ignal and " 
m,,.., '""'''' e~r,n ·" o;,,.,.-cry 1"'< Fi~urc 1). In either 
in.t:<ncc. ••ni¡· "''" i• rhc "'""'"' ""''"" ,r purpo"' and 
_ro:~Jy 1<> •d••.:t inf<llm:<IÍ<In and Hnalylic :<id•. Thc """ond 
•ta~c in lho c¡•dc. lntcrpr<l:<liL>n. ;, la~<ly infcrontial. Thc 
orcmt<>,..-lhc C<>mm.mJ• thc wurkcr ~i•c• lo his !ool<­
includc ">u¡:¡:,..,t.'' "t~vicw ."' "cum¡>.<n: .. :u>d "Jcdu"" tbe 
(oflcn •1;,ti•tic.t1 =:min~ uf." 11 ;, fairly ""'Y IU map 
\Cchniqu,-.. int" lhi• "clivity. ln<cr.tctiv< Dtti>Íun $upporl 
Sy,\om• •u.:h "' Gcrrily'• fK>I1f<>l~> m:&n.>¡!<>m<nl ·~•m un: 

nplicltly de<i~n«< in tcnn• o( <uch 5'fCA'OO"" "SCAN"' 
11nd •· HISTO" (pruviJi hi<to¡:nomsJ." ' 

Whilc ""'" outporform• mt«hi"" 1~ mol<l n•pcct• o( 

Di<eov~~. 1>c i• much le" cfToctivc · i~ lnlerpretation. ". 
Tvcr>ky 11nd knh..,man" cmph:<.•lu tbe (rcqucncy with 
"·hich individual o m:•l~ •implo ""ti<tlc:,l ertor1. Edw_:llds". 
•imilarl~ puinn up our i<Jabililr'to tNlc cfTe<tivc """ of 
inform:11ion wo lllrcody hove (lo Úpd;••i probo.bility nti-, 
matn. for •••mple). Toolo "'"b as MYCIN." which aidS 
mcdioal di:1~M<1ici:l~• in tl>o procns ol infcrcnc~. e>~ploii 
tho m.1chi1>0'1 ccmp:uitive <>Jv;ont~;c In lniOfJIICIOiioO. 

Tbe fin:~l •ta¡:c oltbe cyclc i• Anal)'1n.. tbe .. ..,,.,...,o( 
intcrprctcd infornm!ion; lhi< usually rcoults In """'" cOn. 
"'io'u; d•d•iun. Di,covcry i1 mainly pcn:cptu:ll and ll>cte· 
/ere hnrd ro ot>,;crve or'mnke uplicit bul Analysis il 
~ener:olly con<eiuu •. melhodolo¡:icul nnd !ICqueiuial." 11 ;, 
concerned murc with !he ••• uf lnfonn.otk>n thon lnforma­
tion i"elf, lts opo<r•ton: includc "~volii.OI~," "compo.rc 
the!IC altem.1tiv""" aDd "te51 tbe impi.:t or·-nd of """""' 
.. whol if." Tho too!• ol m:>na~ement !lcicnco-up¡imiz.:ttioo 
and <imulali"" modo!s-obvioo•IY suppon tbe<e. 1t is 1>01 
<Icor "'here m.1n out{ícrfom~s m:~ehine or vice ve..._ Mony 
prabltm-wlvcn: prlor to i-cty on 1hcir own iotuilive metl>· 
ods althou'h in stn.tcturc<l silualk>ns tlley will rcly On 
form"l modelo. · 
,.Deoou<o An:<ly•i• ;, con,.,ious nDd .. quenli~l. it is onen 

cUn>tminod by lime and comput:otioi\UI clforl. In ""'"Y 
<a•e• • .,:~ •implify the prablem lo thc point whcrc it is 
fca,iblt., fur us lo bandle ito demand•. oven ir thio involvcs 
miirepw<entation-and o.omotimes pcvctsk>n." la many 
ca.es, hy :<utum:uing lile Opc<UIDts il involvn. we cncour· 
n¡:e the in.diviJ~~::~I ro rru<kc m"'' <ompari.ono, to eob'lic hi• 
"t>ounded r.uion:>li¡y;"" a froq<>enl bcnolll cltod for inler· 
letive computer •yslems is <imply thotllley alluw a u ser ID 
'"''out more altern:~tivc-s. Murc is 1101 nttcssarily 1be same 
•• l>cner: "'"h •uppon rn:<y thui imPIO"< ~jJkl~lk')' t><n ""'' 
~ffntll·~nru." la <.k:velopin, tool• for Analylis, we mu.<l 
con•idcr whkb Ojocn>~on thor <uppon and wh:>t "improv .. 
mcn1" mc:m• tand i< "'onb). Autom:oti•c mecllanical a>· 
p~ct• of Analy>i• (cc>mP'Iri•on•. •ummarit:lllon) loo«• lile 
l>nund• <>f r.<li»n:o!iti nnd (><Jto•nt/¡¡//,v rclou,... lime ror """" 
:<llenlion 1u t .. uco uf cffec(ovcnooo. 

TOWARDS A DIFFERENTIATED PICRSPECTIVE 

'Tbe p.<r.<~i~m prr""ntrd hcre caq 1>1' o<p:<nde-d lo ¡:iY.- a 
f~itly ri~<>ruu• •umn~:.~ry of l>olh bum.on i<'l'orm:llion·pn:tc· 
«•in~ :«ti>ili'" :.11<1 '""'""'c"h:l"'d ai.l•. Tbe ~mcr u re tbe 
~ui!Jin¡. ~lo><l• for a •yotcm tu >uppon tbe run cyclc uf • 
lnklli~c""c· lf "'" f<>Cu< nn thc "f"'r.llnno necd~d !'<y lhc · 
Kn»wlcd~Wor\cr. we will define lb.,..;, hl<>eh in a ror 
mmc difTcn:nti:otod.way th.on wc d" nnw. Tbe i<<U< t• 1101,· 
>imply ¡,.. u:<m¡>lo:. 1-.ctw,..,n qu\ll'<t.<li~c and qu.ñt~ati•~ 
d..t:o ur <ttu~lun:d :ond Ull>lruttur.,'11 pruhkm•. In the Di>· 

-=. cuwry. •1:11<, altcnu~tiun l!<'R<'mllr.in><~Ve< numéric. and 
ampliflo::lli<>n. juJ~menlal. inf""""ti<>n, Dur IO<~O · s!wuld · 
n:t'l.:..~ thi•. 
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r!l TER 

Opera tors: 

JI!JJILVSIS 

, Human 

111FORII 
ALERT 
PAY ATTENTIO~ TO 
CO/tSIDER 

ACT 

Tb.o Jl;lradi~m implie> •elcctivc dcvdopmeftl of new 1«11-
nlqueo, matchcd lo >pccir~e opcr•to.,., r•Lhe• th:>n impo•~ 
llo.n <>f thc mcthodo on thc ove.-.ill cyde. Any catalot ot 
e•i•liniiOOI• will >h<lw an abund.lnce o( aido r.,. lnter¡orcl:l­
lion •nd Aru~Jy,;. ;md ncar ab.encc el 'uppon f01 Dil<OV· 
ery, Any dc!:UI<d uamin.nion ol tl>e Of'<MIIn in volved ia 
Di,.,overr. will, •• a COJollary, oug¡:"'¡ d~at "'llinal melll­
od• suilable f<>r ocannin; and dii'\!'CI<:d "<'an:h ...-e or liule 
V.tue for amplil'icalion •nd "lcning che Knowl<d¡c Wurker, 

summ~rles, reports 
• 

ly'neeJ1ro<J 

·--------'---, 
I{)OEL 

f--?>'lóDiEvEt~P ,;¡~;~;i~~j 
DEFHIE new rlata, S 

or hypotheses 

TMre b 1>01 l¡><lce in thil pooilion popet ,., up"" · Lhe -
paradi¡:m in dcl:lil. n.. t<>llo~in¡ ....... ;,... ... m.....nu a. 
ÍIIICOI: . 

' ,. 
l. N01>e ofounoolo....., "'Pport 111< r..u lnlon~..U ~,.,k}~· 

nor oOO,Icl ...., .. ,., .... thal thoy un uthor !han bun~""' ,'.' 
bloch; . · ' 

l. In clcvolopi.,. inform;olion nido, we ""'" k>uk_al ""' 
activilics iovolvccl in ¡be oydo and dr~..- oa ducrip!ivo 
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~nd p<ycbol•'f:ÍC;ol modelo; 
.l. Tnoh ""' ~·• dofinC<I in rcb!ion io ope"'lon: 
4. Wc dll nul Y<"l h"vo n .1\·irnr• nf inform:olion pJOCO .. IIIfl 

~ven ;r rhi' p:.•r.•d"o¡:m ¡, in .. ceur.•lo or incomploco we 
nocd ,uch rr.•mowur~• lhal r,,... uo 10 devolop ~ clo""" 

'"""" .,.,. "'""' "'" dTon, >Jouoold .;.,¡ low...-do ud wh:ot 
''"' tcchoiq""' rc:.rly ;u-e.· 
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AISTJ.ACT. 
•o4o obout 
nructuno 

IIITROOUCT10~ 

1r. bu 
IJll cuera! ruducu PI~Lo\oa 

Polo Aloo, Coli(ora\o 

no olopJifylal u.,._ptino 
uthln ond rdatlouhlpt 1~ 

don't olwoy• hold iA_.~·~•· 

' 

' 

1 
A •••••l• lo oopookoro: ~ltb~•r• ••• """ polaoad red, 
rl••r• on't hiYI couooy lineo tullllilll do~ll l~l •lidio, 
ud Y<l" coo'o 101 uuour lLnu u o """"u la. 

' ru oo•• o t .. """ •r wort hu· conurud tho upruuuolon ar 
intorwoolo~·¡,. CllllpUtoro. Tho work hit lnvolve~ tuch thlnlt 01 fila 
"lu\:otloRJ, \ndeuo, hl.rorchlcal ooructureoj noh<ork nructln·u, 
u ulonol II.OdeU, ond 10 on, Mur o •·UJo 1 do•·n.d 011 •• tht 
thuo oro oll JUH "''P'• boln1 poor utlfl¡;lal · approolaotlono of 
·~·· roa! undorlrln¡ uruln. ·- · 

thuo uructurcs ¡!vo ua uuf11l vays to d.ul vlth ldor.atioll, ~~~1 
thoy don't ahay1 (h naturollr. an~ sollul~u nu u. ol\, Uke. 
d.ltroron•-klnds ·of ••ps, uc~ ~lnd of nru~curo hu les otron¡chs 
on~ vu\nuus, urvinr dl!hrnt purposu, ud appuLLna 111 d!Her-. 
1111 puplo In d.lfforont thuaUono. Dato onuuurn'lfl ucttlchl 
for .. llou.· nor d.Hhr froo lnfor<>atloR 111 tho nao· unoo tblt 

! ....... doo•t ducrlh tho !On&u••• ""· ru11y .usa, &1\d fohld 
Ollcol syu .. , don't d11crlh tho "'Y Wl think., ''lh 111p h'BOt 

tho torrltory" [UayakovaJ, · · . '· j 
tlbn ls thot urrltory roally !lkof ¡rov con 1 ducrlbl lt to you~ 
Any ducrlptlon 1 JiVo you lo jutt onothcr mop, 8ut "" do nud oo~e 
""JU'II (ond 1 meu noturot Un;u•e•l In ordor to dlocuu thlo 
aub oct, ond to artlcuhte con'copu. such conHt\ICU u "ont!tios", 
"cotoJorho", "nuu", "nlotlonohlpo", and "ottr!bu¡oo" ouo tobo 
11ufu!, Thoy JIYo uo ot luot ono ..-.y u ••1•nt:o our porcoptlou 
ond dhcutlons of inhraalon. , lut wo uo.l u hayo_.. in alnd 111 
undorstandlnl of tho rol! noture of'o~ch unsuucto ,• .. upochlly 

.tho dlfficultlos lnvoivod In trrlnt to defino or oppLf thoo procloe· 
Ir. •• tbould apprec\ato that ouch urofoo!OIY .dou ftllt repon 
objoctivl atues of rooilty¡' tunad, thooo tor••·ncord our ou~jee• 
ti .. pncoptlons. And 111ch porcopt\ou au'd!Hni'nc for dlftnou 
pooplo oll<l dlffuoat pur¡>oou, ud 'tll.or con v&rr ~l~h _tl.llo, 

•• con ao\1 o\opllfylnl lllllmptlons whoo wo doJL~ft doto otnocturoo 
In~ lyoceoo, lut thoro'o not lliiCh 1111 lo foolln1 ourJolvoo •~out 
lho Roturo of lnfouatlon, !t ludo <o wosced ofrou (In oolkilll 
'\:Gtr•ct" d<~crlptlono), &nd nodluo bult·Cindlol ("1011 ducrl~o 
tt Lncoructlyl''), 

• 

' 

; 

" 

.. . 
• .. ,, 

-", 

•. 

' ' ' 

• 



.. 

l~TITIES 

··-
to , .... outp11l• of lal-· 
of -· •UII" ... .,.,,,_. 

"bUtho on o noto oC ol... .. •• _,, .,_ .. """' .... ,..., .. ,,. ..... .... ... .. ., ... ) 
; 1 

... ,., • ..,., .. ,,.,,. co.1., •••• ~oool u • -.1 or • -n. 
ftaLu •••••• or ••• "" ... u. ~ •• ,,.., ••••••• '"""',.....""'" 
~'""" eoonn<U l ... ldo <U hfooooHOo oro<oo ... h t~o .-ot 
wooJo. O'o oopou •• .... ••• '"""'lo, .. .,..,.,... filo loo ood 

r.""" ,..,,oro• ~· ••• ·-·••· rr •• -'""' ,.,,, b o '"'"'' p•o<-•t, .. ,,,.., to ,. .. •••• ,,,..,_,., -· lo , .. , 
• .,,.,oo'o ....... 

s., oao of no ""' •-••¡to •• booo '' o '""""".,'"" Oo<•••• .... , .......... ,., .... , ............... , ............... . 
, ... , ........... Oo ........................... l.o., u····· 
u ....... olo¡lo ............... , ......... _ ............. , .. . 
oootoO o olo¡lo 'tOiol J. ,.,. roo! ooriO. 

h'oo lo .,_.,, •Lroolr. 10 too flnt oloco, l<'o 001 oo ooor 10 
ph M>-. ... , , .. .,,..., h no o.r ...... u. ''""" •111 •• <Oo 
'"'""""'•· ,, •••u u • "'"'' ¡ ... ,.,., .~ .. _ .. ,,, •• • r." 
of •••· or """'oC, ... , •• • '""'"' '""'• •• • oolojo«. o • ..... , .................. oow ,.,., , ... "" ... ~ ........... . 
"""• ood <••• ""' •• not topl< "'"· too.,..,, Oolf of ,.., 
poooto• '""'"'"' no tU01o wo not «o•••••••• lo too orotoo. .. . .............. ····· .... ...... . ...... "''""' ........... . 
rlooo lot'o ''"'o"''"'" ••• ''' ••• ,...,,.,, lo oO'Mo. klooo wo 
,. .... , •• , orr •• '"'•• •• ... • ''" ...... ,. ... ,,,., ,.,,, ''""' ......................................................... 
or ••" ,..,, '"'""'"!•• to '"'' 1>o .o'"" • oooO ''"' •• , .. ........ ........ .... ¡.... . ............ ,. ........ '""''~'" .. ,,., ...... , ...... , .... . 
................. '" ..................... .,,., Lf ... 
o .. , .............................. , ••. 

TOo iolot-.ol)oo lo <Oo ""'" 10 pon ot o •-•••"- ,..,..,, 
.,..,1 o••rlo. Tono \o o no• of "'"' ''"" olo4 •• olol; tOno ooo 
..... , ...... otool ........ "- <h«pl ........ , ,., ...... . 
fo,.ol looo••¡oo (<-"'"'" lo lho oochloo •r01oo) ood ""' ooolo, 
Ao oboo<oor o (o< oootl<Lpon< lo) o cootob o•ocooo oo<otnhoo t••t 
o co<tolo porooo "" '"""' •~•••·•d •• o <OT<olo ••ounoo<. to.o ........ ...... . .... "" .. .. .. .. ,~··· ....... .. . ~ ....... . 
"''" ooooooo ""' '"' "'"' ,.,'""~'" <lo< "'""'" loct to '" ....... u...... .. ... .. ....... , ...................... . 
, .. ,, ... oh , ... , to uo "''''"'' 0,,.,...,., ''"" ,,,. • ., ••• oolr ............. , .... ..... ... ........ ... . ..... .- ............ . .. ~. " ., .............. , ................... ·-·· . .-.. -
........ or ooo ,,. ... ,.,, rofnoocoo oo ~. conolo pooooo", "o 
'"""' .,,.,, ... ,,., '"' ~,, ••r••r•• o,.-. 

• ...... - tlo!q"'f 

'""'' .,.... .. ..... .. "' . 
•~••'"' ~·n••· U'o MI. n.o _,.,.,,,.,.,...-. ...... u.,'" 
toll, 

.. 

C•olok• ,.,.,, - oll .. .u.,~ ••u ... , oo-Uo, ""'" ... 
"''"-'''· "" .. .-u¡ ,,._ • '"''" •• ñl<11 oac• ,, .. ••• • put ,-., oM ooc<~~n o '"'""' ~~ouutoo ot •orlo~• .,, .. ..,.,,, 
"""'' '''" ........ .......... .. ... ······ " " ... . .... ,, Oh•l••"''· u. ,,. .. ,., •• •••• '' '"" ·ru• -••• .,., •••• or '"", of ,..,,, noro ••¡ bo •••r ••••••• ,,., ... ,,. ¡no •­
ooOtnur ·-• ., ••rr o "' Lo '"'''' •••••• """" •• •• or to '"" ,.,,.,,, •••••• ,, ·oh , .. , •••••· ... , •• ...... ,,, ,, .. u .. - 1 
1< h • ,.,,,,.,, ••114 oa.l oorfol ,..,,, of ''"' lo ••• ••••••• ,!, 
0 , 1 ,, oo lonotor> fU.: •• Onr ..,, oopon ... to!lro [noorfj too 
.. ,, "" of toooo, oo~ opoo> loutlr of oll '"''''''" of oOo 
o>t•o •• '""''"'''' ••••• ••• •••·•· 1~• •••1• oho ,,.,,,,. nu ., .............................................. , .. ~ .... , 
""'"'" "''"', ~"' oo "' obuuud "" of -• "'"' of ""j'''· ~••ooulon, wo •• ••• oko "'" ~,,.,., ¡¡;¡¡-•• , •uoo of '"""· 

- co-.•10•< oootO.Oo '""""""· o •"'"' cootool •ppll<nloo¡ •loo ...... ,oliO'"'"· lo tkls cootoot, .,,.,~ -••• 000 r~roi<O 
o>¡oeo; ... ~ '"" lo oolojoctoO •• <ootolo '""'• ooO tOo <oot loto 
lO "''""'"'~ lo o Ooto •oo• '''""'"'' fo< oo<O pool. tllno lo -
... • .............. h ... '"'"'"'""" .,.... ••• • ..... ,., .. . 
objo<t, ooor of •>Id 0.00 Ono "' sooo poot •-•· ......... ,. .............. ~ ...................... ~··"" . ....... ,u........ ... , ... ,. , ... ,... .... . ..... r~.. . ... . 
''''"-'" '"" o)froo .. , """""' or .,.,,,. ,, .. ,.,. .... ,.., 
'"""'' of "ro«~, ••• no ••• •><•• ooot .,. '"-"''' nor olll 
'"' tO ,..,, ... , o •-•••"•" dn<lo ••• loforootl .. •r•«• coa 
lool oi<O •- Ud• of ""'"""''"'"' ooo ,. ... ,.1 ¡ 00 0 UoO of . ...................... -.~ ........ , ... . 
1 Oopo , .... ,, coo.oh«l ••• •••• .. ""' to 1• to '"" ••••• 1o Oool 
~u• 1 ho ••••• "'''"' ,,..,,., or ''" '"'"'"'"· . ....... , .............. ""''""' ............. -.. ·--..; ....... , ............ ,,,_,, ... --···-· ""1· ..... .. -............................... -··· ... ..... ... . .. .. . 
doto (llo oolno to '"" J•o< ooo ,.,\lcotloo, Uoro lo Lo oflocl 
Jvn ... '""""· ... "'"" ••¡"••ur .......... ~ .~ •• '"""" '"" ""'"""'""' .... ,. .... ,, ............ , .................. , .. . 
ooo foo t•or <OotoU. lut ~hon flloo 1'' lotolf"H lo<o o doto 
~ ....... , .. """"'' '""'"'"'"'· , ..... .,,.,,,_,.,.,., ........ . 
loo lo loo<. n.o •ooooptlou '"•.,rloto u ••• eootoot of ooo 
opptlco<l- .. , oor flt ••• '"''"" or ...... ,ucou-•· 
llooro ooo o r- 0.001< ....,,,., oo ..... •• Mol .,,. .. ,., -



.. 
"· nn 

• .......... 
s ........ no. ...... , ....... ., .................... ·-
nt..,r - .._, '"''' 1,, .. , , ... ,..,., 

• 

• nu U IU lo ••u oooooootoo .,. 
, .. ,, cuoouloo •• "' "'-ldtol 

W< poocoln t~o t~loo U loot 
11aw woll ~orLo .. oro t~orT 

Thooo coocopu ool qunUooo uo Uo~Ur \UoHwloO• w\o~ ooo 
nuhu, 

Coool••• ·~oot•: lf oo nt""o Ooo wotu .. •- ... ,,, o 0\0IIootoo•· 
le ""' ""' wlll •••• ,.. "'''""''"'''· 11 o t ... ,,, hOTUJ' 
"" fl•o <Locu\ntoo <op\u of oocO, 1t •111 ''" on '"'""'''' 
Uou h H• fllu. l.ftor •• oo<oooLu do , .. lo•Hr ... ,..,. 10 
<Ooofwllr ••••• o ~""""""" oo\o¡ tOo nodo ~·· oM "nrr""• lut · 
lt lo ... OO<UUI '"!'· lloat• 100 Od<TUoM tOo ~Oool!oo .,,.,. 
•••r ••olu oro <bno o ooo IIO,.orl" whHO 1 rooll1 no< to -
kw ••.•r '"'"''' ~oto tbo IOrnr ho oltoootbool 

n.,, '" """ <Ollootot\ooo of tho •••• "baoo• <hu"""'" btnfuo 
~Hh <ho oooatO lou¡ntloo of luo hoco. A "tootM OOf do-..u 
OOOCtOiof vitO ho•• <O•<n, "•lnlo¡~lohd """ t)iooo lo lOft 
~f""' 1 h •••••h, P••lodlulo, nc. n..o o"''""' ••r ~· .,,.,¡. 

•• •• o M-•· lo ..,, \lhoq ,_, oat lo ''"'"''· 1 Ooo't ''"'r> bow •hnOot cooforoo<o procoo(looo c-o\10 o .... , •• 

A "loookM oor •ooo<o ooaetbloJ OOuoO to1othor 01 000 ~·rol<U ... u. 
r. .................. ~·¡•• ~ ........... ,., .... , .... . 
(O"hoo vo to<a1olu <>o "'biiV lf, •• oooool.,o UJ to "''' 1t bf 
'IT<OIOJ oa VIO lb Uro "ooOuoo" lo o cuuln vor, bvo •• '"nao 
Ohoyo conoluono. Soooe\ou ooonoO "Toi"'OI" o<o bovod loto 000 
p>yolcU "bnO".) O'o oov ""'., flouolbiO pu.,ptloou tho ou 
hao) vcUtoo Ir oo ovthoo,.tbo I"V booh h oh 1\0ooo¡'o tltr." 
.flloo ¡vu. 1 od Vol. 11), '"' or;¡"" ••• bono oo tb no f of ob 
llb•«r vuoo bo floo coploo of ~·uriliTo¡. 

............. tOo ...... .. .... ,. "' ,.~u ........ . •-tl•u oho hppoao. •• ·•••• ""'"' f"'''"' ""' l•-•·· collocuo ..... ,. 

....... •••••• lf vo ................... ~ ... 
~o ron •o coo ••- .~., ••• "''"'""""' uoodo for ..... .....•... ..... ... ..... .. .. ..,.,_ ...... ... ~: '""' ••••• ... -··· ...... 
Golno Oock •••·oo pono .... ~ .... ..;,.,, ih .:olio. ot "wnohau .. • 
·~ .. , "' •oothor H ... of oobl .. n,. noro lo •• ooturol htoloolc 
''""' ol •••• ,_,,,,., ~.,., ............. n "'' ~ • ''"''' 
.. 1\dloJ, ot o ,......., of ""lll!ooo ''""''"" ~, .,, ""'"TJ' 
lhtooco. lnnol wonhooooo l••l•o kiM¡Ioa U Ulforooo coopo• 
olu) ,., K<.,, <Oo •- OoUU01 rr,"'''' oo •urnooo no • .,¡ 
... •1t&t .. - ................ , .. ," •• .... • <OTUio , •••• ,¡-
JO•plo 010000 " ull o vooo ... oo. Choo '"" bolldiOJO, OOor "'!" 
·'"" 

00 
""' •••• oo ooo, ovo, "••1 • .-, of voooo .. ooo •• w"' 

oll poocoptlooo ••taa oquollr "conoct", 

Thuo, tbo ·ooudo~loo á...i uuioo of •ano Uioo" "" )o ootr orb!Un· 
u, !>tobllohod. Thlo lo oon .. ., oo olloa vo ~OTfoTO "cloulflco• 
tloa 

1
•" "'' '"" ••• •• """"' '""' -htho ot oll. Uo 

"' of tU•o• o>.ot """'" bolo1• ._, ••• oo •• lo IOfloltolr •nh' 
od ""'"'" ,,_ ,., ._ )olol u'"'"" 1o tOo "'" •~•"• ,;.¡ 
•oolovo nro. looo< .. \ooo, '"' ''""" porfloo"or, ... .,_., ••oo 

" 
,,,. ., .. ,,. o r .. u. -· of ... u .. ..,. oUll "cou1ootoo, •"" 
oodo oUII Nlq onooo4 u ooo O\ocnto Olo~, !.o., 1t lloo­
..,.ooontnloo. n.o ,...,,. ... '""" •f tOooo •Uilo h nrr 
nb;t<of"F 1'·'·• tOor .. oo• corrupoo4 u .. ,. .. ¡¡ hUiaslc 
........., .. ,,, o, .. , .. ¡ •ooi~J. ood <>•r "' llhlf oo o 'lff•""' 
lo 41Htrooo 4010 horo. ,..,,, o "<'1•1" .,., lo o >Uf orbluny 
"'•-•• portlotooo4 ovo ol o tOnHouuo. Thh opppoo o loo to tho 
'" af ovhj«U lo o llbtotf filo •• !Morootlon uorhvol ''"'"• 
ta tU oot of 4¡,..,,, lo o"""' do<o b .. o, to "'"''' nc. 

TOh clooolflcotloo poo,loo ooloril•• ••• ,,.,.,¡ ooU1~IU or 
... ,.,_ 11o< on o! '""''" •• ur to ,...,..., .. ,. oktlo lo lofld<o 

(onO ,_ .... ,...,.,, ¡ 0 too_., olod·Hulu¡ non), """"' •• 
•-••!coto ••••• oo"oso<oololl• flolto '" of -•••· (fOT oUo _ ............. '"""" , ................. ·-·-1 .......... . 
loco ooo corrupoo.l u o oloou coocopt, Wt oo o chnn ol MIO 01' 
' '" "''''4 ooocopu. l'oor ofuo, ••• "" of o •u• u 4ooot• ooo 
dlfuoot ldooo lo '"'" "'"''" coo Jot "' hto tooollo. 

1"'" In folot • lo t>o word "••ll"' os ""' h <ho · dolo tuoo af •• 
ll co.,onr. lo Oholr IOOlOJI<U doto bou, o "••11" lo o oiOilO 

~••• ••tlloO •• too oor<o« of 00• """• ~oobor •• ooo u pral•••• ,ou. lo ••• pTod~><tloo duo booo, o "woll~ lo ooo or ••oo t.oln 
COOOUI ,, MO ploco G( ••olpoonl, wb!Cb ... "!'" loto O .... Of 

Í oll. no oll ,...,...., ~· <""""l"ni•J nooo o h<oJntbl thooo 

/
lato hooo lo ooppon o OO• oppl <otlo" Uo CorTOIUIN of woll 

. ''""""l•ltr .... •••loJ\<0\ ......... ~o..... . 

' i 
' --

! , .IIOV WJIT IHIHCS IS ITT 

' 
A''"'" ph,olcol aolt afO•• '"""'""' lo ,..,.,¡ ,.¡,., ood. ot 
~l<h lo u M "'"""'• oo • "'"'" t~l•l 1• , .. loforaoU• 
....... ''"'"" ..... Oooo ........... .......... .. ....... .. 
''"' Of • hoohll ""'· lotO oo • pooltl- Oooh '"' *" " lodiTI• 
0.01 '"''· Tlo< looo Oooo oliO< hooo "'"""""" lo< u'"'"'" 
Oloo pooltlooo u.\ n '"''"· noo Joo hin, ["'''' """' Ion 
..... o r.'""· ....... ·-· ............... flol: .......... ·' 
'"'""" r Joo Salth, ••• •~• '""bn of r,••~to ~ o oocood buoou. 
Tbo< hvo .. fl¡uu non•l•l ""' oocood "' lo npoooon<Od oo (ooO 
hl ,..., thlot;o:_Joo SoUh ood t>o oo<ood boooooo • 

CouiOor oluo •""""" ol """""''"· su,...oo Joo o•ltchoo "u· '"''"'"•· .................. r'"''· Dil ... ·- .... , ........ .. 
,,.. putootol Tu • loo SolO "'' t.ooo. llo • - "" odo ~, , .. 
! ............... Oho ...... , .......... .,. ~ 

nr lo obt ~ ..... 11 .... pOTuhoO ood '"""' ., '"" ,¡,,,,,, u<br 
•~•• ono Of '""' •• ohoor·oilb<! .. , Or '"{ aooo101 Uv, lo<~ 
••• oT\>ItroTJ' •ochl• of '""' """'" """"' ...... '"' poroopt\oo 
"" ouful u thoo¡ ool '"''"!"""'• <o tho Uoh of loforaooloo 
""' •oro lo~""" lo .,lotolo •• iO Uo ''""· 

lf ••• filo niJ Ool lau oH~< plo1or r.•ltloao. ,,.,. tho ,.., 
"1'1<•1 oOJo« ....,¡d ~• """' u bo •1 Ollforaao Ohhf'· Jt 
•• r ... ., ''"'· _ ~- " , .. ,., .. , • ,.,,...,, "'''"'' ,,.¡ ••••• ... o 
'"""'"'" nu •••Uc•h• tilo ....... , oooo bow , .. , Joo ulooo, 
.... coo ,~o, aoo1 po•Uiooo, 
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-... n::rr .... -...~ ............... .. ·- ···•· .......... .. 
l .-loolo ,,.u,_ of coacopu. noro h olio "ooo . ._,. cooulol•l 
Obo Uooo nproou4 llr 01t oothorf w>ld lo Olio oooo IIHII ''I"Ciooo 
of oillcll loor•••• U h nono otoC luo. u ho• lo U dHoC, 
obrlduC, con4toud, oo-.lood, Uc. 

n .. thno oro "oditlo .. •, •ht<h ouror '"".~eh ••••• >r , .. , 
"'"'""' '""""'· dol olth., to choo¡oo lO <b coooon oo U tilo 
<ono<U• ol ol¡olflnnt '''""" ol noor, Oo oho otllot hod, •­
obor •-• ol dlffn .. co {onouooo or dollbnoto) lo pooolttol 
"''""' <oprlou of • •lAr>• ••luoo. .. -·. ··········- .. ·······-·· .. , ......... , ortolau, llot foo ,,,.. 1"',,.,., lt· h "'"'"' 
..... . 1 ' 

"" '" 
... ··-

Tllh uplc lo •••< polafollr foollh< •• oo lo rouuoo to -.,, • 
.. ooo", '•l•, ol, oo<O lh$011 o o'"'"''' ThoTO lo 0000 UbHury 
lhroohold op la wlll<h ohor <hon¡oo "" bo oodo oHhovt cun1n1 o 
••• ouoloo, l>o ••• con h "loc><•ri. '"''" ••r •• oor ••• bo o 
r«oo4 of oko oo4Uhot!oo, oo4 oh• "'"''AU<IT< (•·•·• uUIDI 
oouy) of uo ol4 <•PY·""" .. ,...,, oo ''''"'"' ••• ••• • .,.,. 
tcrod o co01olo (o<bhn'Tl polot. •• Oo<l4o to koop Uo oiO ... 
''" coploo u ilfforoa< •••"•••· ••- ,,,., 0 "''•pllyolcal ,,,._. 
lo ~uct .. ,...,1, , ... ,,,oh '"""'''" of "•••" ... -. .. .-.... •• 
tbo ''P""'" "Obooo "'"" 011010 "' Olfforeot F<n( .. l of '"" 
uno tbloJ", • lo o-. c ... teou •• oooo •• roht u oll nnlou 
<liiT"<hoLr (u lo tko pTOP'•<r• 1blo h o faTUUI coopllo<l, lo 
ooeo.,. .,¡,,too o•rtlcolo< upr, od lo oooo •• roiOT 00 Ooo <DPT 

oblcboT" ooo boppoao •• bo <ho "cortooo" T><oloo. 

-ri$ nr 

~. hT< •• t .. ••• looo.,Lq; oo ••• ...,.,, .. , of - .. , .. ,. .... 
., ... ,.,,._ n.o u, !''"' •••• roo ..,. ¡ , .. poiO<Ioo u •­
•- poht lo opo<• or .. tblok ,.. , .. , ""' ... - Mtb porcol .. 
O .... lbloJ Oo<<OfTIOI lh< opoco (poth,.. O·- fiiOTO), - ... , 
"<Uol<" o-14 oht ~o <roo<d oo-1• , .. laforqoloo·oroUal --• 
•••r' ,,., •f o ""'' n~o••· er "'o n••• u otu. , -, • .. .. 
lond• 4e ~• roour -oaroO oo t~o , .. ,..ltloo ooul kuoolo<r ol tOo 
thloJI llorb• you ooro polodoo ot o hlck, _,_, •oo "''"""' •• a 
nU. 

...,.., lf "' ,.loo u "'" ''"' ,.,,, la •ra<• ,_,,.. (ot Ulo' "" 

..... •111 ... ., .......................... potoolq; ...... ·-
'-"loo u .,.·oto tMUI 

~- ., .... • ........ - ........... tblq; 1!· 1 ..... .... "' 
...... u ... llb .. lt •• u .... lo lt .... •• .... -·- .... lt 
....... .... ..... lo 1<1 1 ............. , ............. "•""" .... . 
'"'"" I 410o'o""ilolo> En ""•14 ron .. or polot lf 1 hpo •11•1 t>o 
lo4olloUo "'" "••••• .. 1 bo4 u '"*"', ... U,..¡ of ""!'"'' '""•'*· ..,, · ,.., .pbnoo lo J•n eoO poulblo pooupoL•• o ••• 
······- ........ ~ ••• .~... ..... ...... .. •• lt ••• • • ........ . • ·---- -· . ..... -

·------·---- ---

··--

, __ -oro Mlld OOJ*''• oo o .. , O<lrn,.oo·,_, __ foo .. o; oo:a 
•Ud .. l .. t, or • <•tt-o,·oo-... ·oo oooo-. 

1 •111 ... ,., .............. u 
to Oo lO do lofooootloo 1111•• 
,,. 0,.1, lo, ••1• [JbriOIJ), 
of touaorloo <*o•lru • ooobot 

-- .... , .......... lo ....... ... 
•• 00 lto 'oaiOIOT,. (IITtO!OI wiO) 

· Llh <To<rtblftl Oloo, obo ,..,, .. ., 
of oooluorr do<Lol••"' tobo •do. 

TMro u •• "'"'"' ool of Ut<IOTI... Tilo ••• of toto¡o.lto to h .. lt'"'"" lo 10 l•fO<ooUoa ,,,,.,aun bo opodfld fa< 10o1 

'"""· la - .,., .. 1t ••••• •• ooplorooo ... """-"• lo .. O<hr 1t o.lfU h o•poo,ooo , .. 4op<Moou, or oonllo4 ,.,.,.,., 
"""• oo pl• o<lfh ooul 4ofoa4oo ... oo4 lo •• '"'•'"'• "" hn 
Lt ••••• hd ... 111 of thooo. J. oh•• nLo¡ ("P"""'''hol •11>1 
............ , ........... lo •• 

1t lo 0r,.,. o """ of <~ol<o •h<thr o ploco of lofotiotlOO lo <O 
)o l<ool04 01 o <Oiol"'l• oo ouolbu<o, oro rolollooohlp. Ulo 
""''""""'" ............................ lo • , ...... (t .. 
onlltloo '" porootol •·,~n ''""" uo <MI4roo• (<h ••ttoloo ooo 

- poopl< •Hb thO nu!buto of hodo• <UUroo), ooO "<hac porooo 10 
••• ,,;.,, or o>aoo obll4,.o" (tl>ot oooltloo oro,..,,,., .. dll'"'• 
tolotd ·~ , ... 0 .. 10) •• 

lo'o oluo •urtcolt to Ootoooloo ...,.,,., or oot o oblo¡ bol""'l lo 
0 .. ,.,,. cou¡oq. Alooot oii ooo-<ri•LOI ''"'"'" ""' ¡,,.,: 
-•"'"· n.o• lo, oo coo •l•ot uooro tU•• of '""' ••J•<t 
"""" oool>of'"'' lo ,., utotoiJ" lo ••>otobto. Tbo "'"" ,.,.,_,, 
or <>lo ohoouoo lo oH>or •• '"'' u to ••• orUtrOIJ" 4oclotoo of 
......... ¡ 0 ''"!"'"'"' oho obJ«<, . or oo ootobllo> o locollr 
..:OooootooO ooo o '""' •>lch proboUr loo'< ootcO Uo ..,.,., ooo4 
foo tho "'' <'"'"'1 lo ,.,.,odr oh•'• '""'"'""' ""''• Jvll 
U oo '""'''• <oooUoT tho 11.,.00 oo4 "•oll oo4orotood" <ot<Jo•¡d 
"<Oflo¡oo•. Daoo H Locl•••· poro-ti .. -loyoool Coo,.oct ..., or• 
oool ""'"'"". of oo)ollloiJ" <-roolool 1•-• ,_,.lorooof .,.,, .. 
..,.lo,ooo! Ioplorooo u loa••• Oo ollltn~ looYof s.o. .... - >oo 
Joot occopoH. oo olforl SloooO o '"''""' kt "" r•• ,.,.,.,. too 
ouU .. , -~~ .. th '"'""' """ to k b<l~ol o«or4101 " "" 
<h ...... , ooou to """ <b ¡,.,, )00 ponopo t>o ~uonjooo <oo"l 
"'" ~· •••-• .... uutootlr wltlolo oh <ooroor:- A''""" oo louo 
.. , "' k .. -,u, .. for o•rooll purpooo•, """""'' •• lo~" 
hooflto porpoooo. · noo Oo OOtlooo of cn<IO'T ooO ,,.r.rtr boro 
~· h ,uaodoo• o¡ota. to nrho ot o oot •••••.•1hl to o 1 ~ooro • 

~· ....... •••"1'"•" .. ~oldn .......... , ot ..... -, ond ...... 11 r 
lOo foll••!n¡ oro locl••d• OIUIOfl ••10••• •l<oo· "'"'• OT4looq ' 
...... , ••••• , ....... ..., •• ., .............. ~..... • .... ••uloo, 

-. .• ' '. - •. 
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" ··= 
<loo 01 ...,.lo~ooo, -,.rurDOuo, oowl ••~••¡.;,,, "'U• rho oooonJ 
lo...io locl ...... '"d uu,orho U furoltuoo, oohlcloo, Ulllooorr 
••r~uoo, •••r•••'"• •••· 
"'lor.olo" od "cnoo•rr" <ouJ4 h uonol u no,._.., ... ,,, lf fiJ 
~· .. , •••11•• ~u• o ''"'" dl<h ,....,., .. ,,.,.,,,, '"'!'"'"• o.r., ,..¡,,, ool oubnu: ¡¡¡ ••• ,,., .. dou ,., ,,,.,, luo no~l< 
, .. , ...................... u .. ,., OolotoloJo¡ ............ . 
<OUiool.,: ond (J} 1t do .. n"t bothr our ln<oUiono to tUnk of oll 
"'""'oC t>ln¡o •• o U•¡ lo klod of ootl<r, ••• ol! .,..,. ohlo1o 00 ....... ...... ..... 

' ' llao tloól I•IUOo,.Ot lo tb Opo<lflc•Uoo of "'•tlouOIOO ooOoo 
tOo lp«lfi<OU- OOTO' !ofononioo oowl !000 f.,oolir ............ . 
lo11ood of oool¡oo•o o,..,,,. <o o "l"''<lll pooitl,. lo o o•«oro 
•• '" JIOo 1< o unlq"" •,.lo" .. .., "crlbln¡ IU fuo<tloo lo 1h: 
"htlon•hlp, ooch 00 ""ownor~ ood •o,-,d~. Tboo 1-<<lotloao\lp oLio 
bo Opo<Hiod 00 •• OnaNoro• on (nnn thoo o OO<~totlol pootoooJ 
.t •••••o rolo'"'"· Uo •""h< d ,_¡, ••-• lo ••• ••••" of tU 
oolotloo.ohlJ. O d-.to lo .,oclfld fot ooeO tolo. • 

lOio ,.,.., '" .. ,.clol!~ oocfol vhoo ""'" 
"'' '"'''"· • """'!" .... u .. ,.-¡_,. ,.¡., ~........ ••• .. ..... -; ......... . 
o'l'loyooo. 

roloo dnv hoo tU 
h ....... • ....... 
r .. • '"* ,,..¡, of 

IOuch of oke lofoto.,loo lo •• lofooouloo """' lo '""""' ,.,,;,..,.. 
oko,.. -. ... ,_ .... doto...,.,¡, ¡,.1 • -•• .. uu-¡ __.,,, roos 
)luuobln, Olt1i "'""•hl N ooo , ... l~o o ... ,., wo1 u •n<olloo 
'""~ ooi•UoooUpo, kt ,.O>Ido loolOod o oorlo<r of "["' .. <otloo• 
•1 lo<••l~o (ro<"'d forooro, '"' ot,...tuooo). lopl di lo 0001 
of '""'· "' lo ••• •••••ponrio1 '"'"'"""' lo tOo'"'"'"'"" Uo¡ oyo<o, lo obo obllltr to oupport oooo fo,.o of nloUooohlpo 
'"' woll. oooo '""" ch .. ollr, oo• ,_ ..,, •• oU. 

lo"'" •• '""' no copobllhloo of • .... _.,¡, tt -•• .. ,, 
•• ..... ··- '[......... .... ..... ,.¡ .. , •f ... ....... ..... ., 
ulou.,.oblpo •k •• ,,. ••••• lo oool ofo•utloo- lo no "'" t ... 
........... 1 vlll .... ~.. .... ··r'"""' ......... ¡,.,., of 
UU<Iono~lpo. A PorUculor "fo"'" o o roloUaooUp lo <hoa .... 
n-nblonloo of <hoiO <~•ro<to<IOII<o. l."'""' foc .. ,..,¡..,o Coto 
N•hl •••U lacl,..• • hoooo.looUoo · of •hielo fotoo h ,,_,.,. 
oo11. poo•ly, •• ••< oo oll. :<oto,.., ,_,...,h,. ...¡,laou-. lo 
Not Joto ...,, ,,. uo p.o~our,.....,••• <o fl,. o wo¡ co obtoto 
""" ol <Oo followl•¡ ro ... ,,.. oo o ... u o uoo. t, cholloo¡o 
lo to oupparo toUt oooblpo b&Oioa oorlooo co.oblootlooo of obooo .,.,,.,.,._ . . 

----- ----

·-·--~ ~- --- ·-

" 
. . .... , .............. 

oohtlooo\lp to.J., 
JOraiU a ~,._,,.,loo 00 h ouond foO tloo 
• .................. ,¡ ..... 

o o\o ., .... o~o<oofoor 1oforcoo no cooouo\ao (o.¡., ~111 oot 
rooood oo ooploroo"o oool¡ .... ot " ""'' thoo ••• doport0101 !' 1 
.. ... ¡. 

Su<\ '"'~" 10 ,., .. looll<l< lo ••• dooo """''"" (o.1 ., u ... 
O<<hFI. <110.< Un bolo¡ loo!OTd oopUcltlr. 

no ooo ol c\nocto<lnlct lhto4 ... ¡.., lo poohblr la<-)oto¡ 1 
'""''" U •111 olw•ro bo "'""" to tkhk of addltloool 10ioouo 
colioolo. roo olopil<loy, vo on oow anly cono14ulol- •Uouf" 
roiO<Ionohl¡•• !.o., '"'" of do¡roo. '"" ¡,..,rolo>). no ca•upOI 
"' •• ,,. 111 tooooollud •• •, • .,,. rololloaUipO lt""•• o( .. , 
••••• 1 

" 

""""" ••T " '""'""'"' •-lulfr lt '" ,.,.,¡~o oocb •~<octl• of Uo oolooiOooUp u,notolrO oo otop!O {"'P>IOI ooo •1•-• to 
.. ,, oo <OOploo (oooploo ,., ol•-•t to ftoor). {l~o toroo ~ ... , •• 
lo<" ood "aoiOiplo" "' •ha ..... ¡ Thuo "oooo10< .!f topoUhoot" lo 
,, .. ¡, ¡ 0 •••• "'"'"""'' .. .,.,,,. of •"''loroo" lo oiQPio In oao 
"l"«loo ood cooploo h l~o atho, lolotloo U <h ouobu o( 
"fo,..,~ of ~-hOio,.blpo. tbU .. o1o •-• oo fo•ll ,. .. l~t\\Oioo, 
,¡ .. , • ••••• ........... ! ••••••• ~· ........ ·-~ ....... , • ....... _ . 
o.o oonotor• u tblo lotior ,¡.,. lo ,.,, lt coi"•r••b voll vltb 

-<ootolo oopo<t• of doto ,.¡,.ctiOII. \'oiY oflOo o "loUoo•••o·lo 
hlo¡ UoVotoo4 lo ooo •lroctloo Co.¡., flod O~o ••portooot of o 
•'"'" ..,~l•r•oJ; ••• doto ¡•ocooolot oyoto• ••••111 Uo to oo<l<l· 
'"' ...... , ••• "'"lt • U •• , .. , oo• olo*" oo ooor 1•-¡ .. 
"""'" u '"'loroo ol¡bo )o lo "'" '"'" ooo ••p•Ttooo<). Joo 
""''loolu ol ,... ""'" 4U«tl• lo of litUo <oo<on (!.o., 
d<fbt o<'"·""' on oloo "'"*' oopl01000 la thO hpor,.oo<). 

l"huo U o 11000 tlroctiN lo ·cooplOOJ 1t ~•• 10 '< •ottoi *"'" 
vhoo>..r o\o uUUooobl, lo l;o" o:o. f 111< ll"<lloo lo oloplo; 
... Uotb<U• ~oovooo 01! ... 1:1 ooy loo 1-to<IOI. , ... 
Cnoroq '""""'"" 

'""'' ,-,,_- of o )!.U.,. Hin._ o.!1ht h ---- - -- -- ----

-

• 
J 

1 

., 

• 



- ..... 

.. ... ..,. 
,;,.c.,.r ........ 1 ...... ··r of ....... •r.<lfio( ............ . 
.......... lul e·-· ....... 1.1 ltiu ........ lo, ,.,. ...... ,, .. ... 
, .. u .. uooo). Coonnht too oloolo .. ,.,.,,. h ,,..,,,., t\o .. ,. 
••-• ollouloa, 00 lo tbo oooopln ••••• ""4" "Coo¡~lultr". 
'""'''''"' '"o "' of '"•l•d•o """" for "'"''' ·~•• o po<ooo <00 •• ,.,.. l)IOII lo oevo .. ¡ ji{fouoo e:<o¡Odol, oT

0
ohoo tho oooor 

"'fu h o !"'""• dopor<moot, IL•Lol ... , <o•p•or. , 1,,,,.,., ,.~.., 1 • 
Th o'"' o cOt •• .. ol4od Or loflolo1 aoo "" '"''"''., oho uloo 
of tOo llhro •• 11 ,......,. loollo¡ """o loto aolol •01<0 pe..,lto 
UOO)of>IO( Cotoaor!U, 

' lt lo hui u tbl•• of o nlo<loodlp •hi<O lo ootunlly UO<OO· 
'""'"'' oo <o coto¡orr (l.o., ••• thot opplloo ta ''"' kl•• of oUo1), but Lo ofuo .. t., 00010 to bo""lo 0 ,.lotlonsUp ,.., .,,1 
lo o oool doto proceul•t oroooo. '"""'' oor. rolotloooUp 4aoo 
hn·•• to opplp u on of Uo tblo1o ,.,,.,,,.,. lo tblo poUI<•Ior 
4oto '"'• oo to oo •u.r of •~•• tkot u loo't •ot<tO che<Ua1 loo 
th fo• oocoptlooo. h>hopo t\o tonolhtloo buo't •••• to tocór 
tOo oooth•• ol oofO<clnf tho coootoolot, '"" Uullo tho oppii<O· 
tlonl to unu oolr ""' blo ulooto ... Upo. Oo, tho ''"" olaplr 
••r ""' poo•t•o ••r •••h•aloo fot '""''•• tfll oofo<elot •••• ............ 
Stlf•ltlotloo 

n.ooo peu!Oilltloot 

• t>o ui•U .. •••• lo ooo aoooboflol )o<noo <)lqo lo ••i •­
<ooo¡ory: • 

t~loao lo •~• ,, .. ~.,,,,., .. , oo 00 ooln••· kt 0 '"'"' oor 
••• bo rouod oo hooU¡ 

• ,., ..... , ................. h••· 
n.o nou .... " •¡••• , ... ~·••¡ '"" ... -· ·n.o .,, ... 
OC<'OTO, hr u.,..lo, o ortoohot.,; t;ko"o ool ~oto oooooloUoo, 
Euoplu of tOo '"'"' "" ..,, ooponootot!TOO 10 ,,,,,_,., (t .. · 
"''""""" lo- of Uo.,.. ooonltooou¡¡ ..,. ,,.,..,,., rn t .. , 4ohn (tbo coa•oooor collo<u r. .. Uooo ), . .. . _ 

loelloonllr, 1 oo tUo>lq )ooo of tko ,,.,,, cooo 
"' ••"•u¡ uuouoo. noo oouprtoo o•••lop, 
........ , o ..... ·-ll<otol. -

---
Op!Lonllhr 

-............ . 
u lo ouOoooo. 

Oo ofnoo oUo .r , ... ""ri htut-•>IP, U.o TOlorlooo)lp •'•"' 00 
op!Lnol (Aot 000.,_., io .. UJol.) 01' ........ .,. (OOUl' _ • .,... 
ooot hooo o do¡at-01). 1 wUI .... , U.lo oo t ... , .-tooUooo <••• pouLUJ\< oo oo _o&<l> old•J• olt>o ... ) t>ooo ...... eoo<oiO>Oit 
>o .. ,., ooo af "'' ......,¡,, "'{ o<l ... oooorol uuoooloo w(lb tho 
TOtotlooohiJ>- )o lo( optiOoOl o •-- ""'""'" tU ,,;J.,.,., lo ........... - •.-·. ,, .. 

'-c.'·- -·'---- --·-·-----

.. 
' [,.• oHh tbh !loltd lln of nou<tnlnleo. •• oln•olt- Ul 

'"""' ¡o o t • Jo '1· TOlo """b" "''" lo<l•do oooo ,,_.,,.,, 
dupllco<n, od oun •1\0oo u•bln.,Lono, but ohn oubuoct1n1 
, .... "" "'" h .. • o ,,,,. .. , '"""""· 

•nhllcHr !! lohtl••••• .. 

~ .... !opon••• """'"" .................. o•• .... 
pnalto aooo thoo ono "'"luohlp o•u tht uoo r•U 
no onon of no •••r.•• ahoo nrlto ,. .... hl to tOo 
roiotloooblpo •••• ,.. • • •. 

rnoo<oo 

tbo ornoo 
of .. ooloo. 

,,..., .r ... 

l • ..,. ... , or o ,.., ,,,.., ..,. - , • ., on •••"" lo ·- loto -·"· ,·., lnotoo<Ot tootolo "'" "" oolr Oo 1-r>l.,.••••• lo f>IS oolo1 
loflcal rolotlono~lpo {lo"'"'""" oocoodo), '·1·¡ ooU-rolotloo, 
o< oultlpU rdotlonoO\po ovor tb "" doooloo. T ooo '"" uooot .... ~~ .............. ~· .......•.• ,. ......... ~ .... ,, .. ~ .~.,_ ... 
oo IOOI<r pon ol o .>1•11• •looooc>L< "'""""· 

'Cooooqu .. ur t\ot Uot oho<otOif of ot..,<to<oo, 
)Loooo••r ¡d•• oo "''"'"""' don], ''"""' •• 
oltOn tltS or DITC. 

tho -••••n• 
topro .. otd lo 

Aho. t>••• Lo •• wor oo <Ofoo« o •••·••·••• <olotloooMp lo I~St 
<>«~< ~r "!"""''"' ~••• ootltloo •LOio ••• oooo •••••••· tho 
10 bo<"'"" Lffl<ult oo <hooJO Uo ro\otloooUp, 00 to ooh U 
""""' •• oo4 roo <oo'l ..... oo oppll<atloo U>< la<oU •< 000 • 
ootLtr "''"""' '" "'""· 
So• syot<•o (o.J., [IIIS), [DaTGIJ "~""' l:o ooloUaoohl~o t• >no 
.. ,,. o otnrlo '"'!"'' oa tOo "!"'"'" or "•••oo~ •••• •f t>• 
oolotloo•"'~· Coao loo o l:a •• nL•••MP ·~1<> •n~nllr >oo 
roroou lo"''"' ""'""" (o.1 ., ooppou thtt lto•o of copltol 
Oqolpoeat 001 '- .,. ••• >• •opoTtaeUo oo 4Jololooo,- Oot oot hU]. 
U h •-"••• '""!"'"" tlooo '"""o nlotlooo"'p ''" •• -•11•• 
00 '"'<..,.o tu .. o 1000101 !:o odotlouUpo, ooo for etc> pornt 
coto¡OI'f (o.J., .,., nUtlooohlp for t•t•¡• O>O<~ ~, lopoota•oto, 
ood ooothor loo tUo¡o ""''' •¡ J'•u!ooo. T>lo 4oooo•o "'"'Ur 
••••· hoooou, b«o~oo 1< lo lfri<"Lt •• '""" · •• Ltn fna 
•••L•r o poooot lo u<\ of ""' ooLotlooohLp• (l.o., o\oo loto 
"""""" "'"" ooooo¡¡;¡¡lr perolt o rto« .t oqulp•oo< to h _.,. 
)1 o ••pootMOt ... O diOhiH ot t)O ..... tiOO), Footkn.ro,"fiiiO "'!'""' <oootoo •• """""'" . oooootlco br ooplo<lot HO oat•ool 
oo oUhoUp o, two uUIL<!ot ..,.,. O.o cao oo loo,or td ">llo 
...,., tUo oqulpooan• Ooo n..., hao u ••t•t• lo o otllttl 4101ol""' 
-.~··· ··~"'""' .• .,, .~ .......... u ~···' 01<, ·~·· w ••• ............ _. ... ~ 

··- ·-· .. - · .. ~ 
._, 
' ------------------ ·-----·------ ------



.. ··= 
IIUIIOSSIIII'S A.U I>IT~U All H'TITIU 

bOUO<OI of nlotloOd!po oro l~llll tltflool .. o, ......... , •• ._ .. , 
................ lo •••• , ..... 

nor bnr ottrlbouo. Jno oo,... hwr oo aro, oo •••• rou ,,. .. ,. 
otloo •ltb '""' dopor<,.<at, rour opoo .. , ooi )'901T cor. foo o 11<10 
pon {<rP<l '"ckod b o JI VIO wotoloouu, tloUo h 1 cuulo •n•H• 
•r •• ••••· 
nor <>oh,,,,,,.·,. ..... <M•¡•· 
......... lo .. •• .......... ·-
'""" lo,o dlfhunt worobouoo oor 
I"''Pilor. 

A cofto lo r<rt oto<Ood lo loo 
....... u .. , .......... . 

bo n·•ld,ord froo • dlft<root 

lootoocoo .r rdotlooo•tpo , .. bl <olot.,. '\ ud nloor (lllonrn .. 
la <h ''" .. uln). , 

hhtloooMpo bno ,:,,.,, ,... ,..,,. "- •"'J•n u <M "'''"' ''''''! ol ooolo¡ ,.,.rootlou. no ..... , of ulotLoaohiP• -<""prho 
•olld oforaotloo. Ao loforo.otlao ""'' oloouLd .. obU <o uo•n 
•••otlooo Hb• 

• 
• 

.................................. •' 
lo ,..,, rolo<loathl'o Jo • Ja.eloodl 

lnooooeoo 'oro "'"'""'"'"'' ~~ IHoUII .. {ooaoll ~ lloo~llrl"' 
'"' uio<loookt¡·ood t~o oot!Uoo _.,,., roloto•; ~-l•r"'·lo, Joloa 
Joau, A<eOUIIl ar"· lo 'Uol Orotooo 0~011 <O-o\to ..... , Of 
''""''' "' oooour oot ro¡<oon.u4 ooplhltlrj .. , ,,.. bopll•• '' 
l~o Ooftoltloo OO. OTIOaiiOI .. of tOo to<o<h O o filo. A neo .. 
10 1' · ooptoroo filo ~tu "•11<1111 eooOOio "JoOo Jo .. o• oU 
"A<IO .. ILOo"; ~ .. plorol·lo" Lo !oplloltl¡ unh<O< .... >r uooro of Uo 
filo, o< oor ~o fo<<ond 0111 loto o llo " ro<or• •u<<lp<Loo 
'"""""'" {ATo Ohoto TOOl uo•ploo ohou on lnoton<o of o r<lo• ·" 
ohn•h!p hu o oln¡U lloplo nooo of tu """• <O<hor .~ .. o ...... 
''" ..... ¡ 

A rolotlooohlp ¡••• u '"'""<') h .tuur- o '''""""' oothr, 
ob<o wo IOo•o h loltloool lofo,.otloo oN-.oo lt Jo <>o or11oo ¡~ono 
.......... 4. 

lUWtJ Alóll I•UI I.U.I.TIGlLSIIIK 

.0.0 ~ ..... .,~ nlotloooOI' hu -.,,,..o •.J• r-olto). •Uony" oU 
"tonorr" nlotl~t~ohlpo h .. , •••-- thno, ooopootlroJy. 

- . ' . 
Oolo<loooMpo of h¡no '"'"' tl>oa two cto ~. 4oooono4 oo coDI· 
notlono of klaory nlnlouhlpo.- nto lollowo boa tho ohonotloo 
ohot oo lootonoo of o nlnloooklp lo hoolf o oUoo wOIOII c .. Oo 
<olotd oo othu '""l'' Coootdoo o' unort rolnlooou, oooot 
pono, hnOouooo •• ou.,uou, "'-ooolo o ''"'" ''"' ••1 ~o 
O<dotd ''"" <onolo ou,uoro 1•• - .......... oo4. Ir- 41florut 
oopplloro fu , .. , •• , •onl>ouoo, · · - · 

... coo otory wi<O o.k~ ~b•rt rohttoooUp 0"""'" poou '"' " 000' 
-·~-~-- ---· 

·--
-

--

... 
........ l.o., di<O !"' lo otood lo di<O vo.«loeuoo, ~. <oo <Oll ••to rolool ... •\lp "o Joutt.,o", ••• "' ooo un •••• looUoco of o 
,.,.. oooo 1ood u o""'"""" 00 "ollooou .. ~. {Xo<ln o\o ¡ofluooco 
or ...... , ...... "''""•· •r ~ ..... ••• ''"" ·- ~.n ....... ~ 
foo 11, •< <oo <o•lon•Ur 1Uo of tho IMtoo<o of lb ulotludiJ 
O> bolo¡ 1 tUo¡ lo ttoolf, CULinl 1C ~, p><t noood lo o •oto· 
looooc" •-••"t 1 ro lo '"' fcrlto¡ o • "•"••",) 

V. n<o< dolloo tho ''"j'[ "I•Íionoklj. ~"'''" ••r¡lloro od oll<><o· 
Uooo. Thlo blnor'r « o lon.klp IIUtoliT Ldootlf" •Mch loppllor 

O<tol<" •Mo\ olloonlo•. '"'• """'" our ""''""'"""' of 
'"""''""'· •• •••• '~" tt •••llr '""' ••••• '"""" ""'' ••1011 
,.., 10 '"''" '"'""""" •• h••• <\•o .. flnd <b< torour tohtloa· '"f ., o rou of btour "'"'""Mpo, •hlct •• con ••••" •rotool• 

,loo Ir oo ... oo( I(PW)· 

¡,.,.,, .. , ~...- uoodo fo< ••• ~tonr <o!o<looobt¡ "''""" poooo oool 
.............. ~.,... '"""' r .. ••• "'"'' ,.. '"""'" •••••n 
*-l'l'Uoro, poroo, ool ""'"""'"· "l(P~j" oudo for o f'"i<ulor 
.. ooopoolttoo ol <Oto "lnLonoMpl lt • tl>o UoOTr <o otlofto>lp 
""""" ouppUon ond tho blnnr "''"""'"' -"'""porto Ond ,.,., • ..,,., .. l.o., 1t lo Uo Hna<T ulnlo.,hlp botooon ouppllort 
'"" olloco<lono. '"' olopllcl<y, •• "" '"""loa t>ot ooo '""''"Jo 
••• oo~• oo ••• ""'"''· •uo, '"' O<dorlnf of doooJoo lo oot 
ooloroat·to tblo ''""'''""• ood n uo thuo OTf 'lonor< porouu· 
•1••• .r \otooro. •• 1o ••• 1000 ., "'' ""' rsr, rn, ooc., • ., . 
.... oll ., .......... '"' ...... ) 

Df , .. , ... OhoO'o oot tOo oolr woy "' <ould bno docoopOoof_oloo 
nllll .. •>l•· M •••L•ohot ''"''' doo«lptloo of ••• ,., ... ., 
hlooto .. OIP lo tOot who •• ul« l)o ¡ort f<eO ~oo ooppilor >0 oa1 
.... " ...... '""'' ............ •h lo .............. ••ppll· 
• .... u ....... ,... •• ••••• .... ~ ..... .- ~·~ •• .. ••••• u., 
!iuo of o ~lnotr ,.¡,tlo•••lp bot•ot• porto od oupplloroj •hl<b •• 
coo <oll "tOfll" (bocouor 1 <••"< thhk of o ¡ood 4coc.Jp< •o ooun). 
tbco •• oono<roct lbo blnoor <olotloooblp bo<W«o >OTII ond ~oro· 
""""'· nlo llar •• hno doc .. poool tho "'""' <olOtlonohlp lnto 
tho too blnotr ululon•hlpo Ji oU II(PS]. 

.lod, lo olollor 
lllo tb poi~ !f 

loobtoo, wo ~•n Totlonoll<o 
rol.otlonshlpo liS '"' PIIISI. 

• tblt4 .............. . 

Tlouo "' ohoro ..,Ltlplo ""'1' to •oc01pooo rolooL .. dlpo of >1!'" 
'-1'" lato bloor¡ oolo<loooO!po. llo h•o oooo tOo Uno poool~ 11• 
oto o -r,. , .... ,,, "' .,,_...,.,.,..,¡no)tpo. hr ...... '"''¡ <\oH 
,,.. U llfforut "'"' , .. T co.o bo ••coopoood tooo ••• fono (lVI')¡ 

"l(l'n}, •¡rsr)j ,onl T{Jn"l, w\<11 <Oo ""'''1 IOhtiM 1o ood o 
thooo bo ol ""'"P•ooblo Uru ,..,., pl•o <ho fono (Ji)(rn, 
(n"l(STI, ool (rTJ(III) • 

.0.0 ouoplo of oko fo"' {Pr}(ST) ¡, in,.toUinl to loo\ ot, bo<ouoo 
h llhsuo<oo'how lnounooo of rolotlonoklpo "' Uoo"h" tklnoo 
dl<h <on •• ulotol to aocO othO<, •• eon u•• P ood 11 oo h '"" 
ool •onbo~UO 00 bofO<o, wltb ol>o u]ulono)lp Pll Hlil collo4 
~.n...,.u ••••. •" uu1 ••¡•un• ,,. r u •·~ ,,.,., • .,., """u 
oh nh<iOnOUp Obl <OTU a oootplloOO uOo <orUJO u-.<hn' to 
foll•n corulo porto lo UIOolo .,.,.,,...,.,, Thou lo o oolotloa· 

'"' $1" '"""" ••ppll«• ond ""'"'" •• •btc> ooppHooo "" "''"" .......................... u, .............. ~ .. -- ......... . 
lo • <oo>lo•llo. or.,.. '""""' ••• ooo u·~dor. no "'"'""'"'P ,...., -'"' ... " ..... , ... " ••• "''·"' «.'••Uo•Up c••Hn, . 

___ ._ --~ 



.. 
bo,... .. o olloutloot oM -~•u •hlch oo~rc• uni«o ""'''' olloco· 
tloo. 1\11 '" fOinloao~IJ U ululo¡ loUoocoo of ,.. ookoo ,., ...... u, .. 
5ln11Lcltr 

no """" ... üdt oo '""' oo ohou t« .. ,..tuooo lou bloorr 
"LIOI.aoblpo lo;<••• ·- loponnt hu.,...,~, oro f-•• oo na ,,..._,.,¡,¡ .. ,, :lo• ,_. p0!ou o! olow Uu17 doc-oiU- ••1 
)o tbo but od,olollut ••r u ho<riM oll oolnl .. oblpo. · 

' 

1" oolo o4.,oto¡o of ,.<h toeoop.,ttlono lo <bot tbor po .. u OOf 
rolnlooohlt <• •• hllt ·~• of o olo¡lo Und ol bulldb¡ blod {Uuo 
bLouy rohtlonoUp)[ !'''"! tho ... cdptloo ol ;u u\oolonoUpt o 
'"1 oo¡our foraot T taoo . H .. co, U h "ol"''hr". 

n.otbu., aot '"" Mllooo obo< hpoUo oo obot ••• .. ,. >1 ot.,llc· 
Lu. 5h•plt<I<J U ••rr mocO o oubjoctin out..,, ... •• uo tl•o 
11 ot !un too lotupoUnl•••· ·o. tbo ooo ••u, olopllcltr too 
t"«lpoln looouooo (loo doto oo p<OIU"O •• .. ,thln¡ oUo) ooono 
•lnloftiAI tbo nDobOT Df 4lffoTOOI ten" lhol C&o )o DUd In <hO 
4u<llptloo, tbo •ioioltln¡ ••• o~obu of ""'' tbot )no ID bo 
lo&r••• br """ "'' "'''"'"'" \o tho '''"'· no nootulty of blonr uloolooobtpo p<DYiho oblo UM 'Df olopll<l<1- -'<cu•l•l <o 
<bU nlutloa •• .,.., """"'" on oloplu Oh" l.roOI<, oloco tOof 
••• fo>or dLffuoot '""'"'"" (CU To). For tlool .. .,,., blurr 
unt<oo """ bo Uo ojloplon of Ul. Aloo, •• nto unnloo, ••• 
o!Oplolt coopotou of oU 010 Totln¡ Oo<htooo. ~oul4 , .. Hh to 
p<Dit.,. yout oppU<&tioo Dn oool • 

1:,. obo otbt bod. >l"''lkitr h ocblo• ..... , houlpolooo coo k 
"TI«u ,..,.¡,.,,, oo4 <&o Oo <ould oo popo• ooa lo Uo olll<l oo 
olo1lo bno4 ,,.,,,,. toobor tboo cooplOo bodleo of t1o1 coo•••"· 
nu uo• of olopii<IQ u pro•l.,4, '" "-'•· lo ooo ulotl-•l 
.. dot. >hin coo Uoo<llr occopl o ~ofloHioo of o oso.-r-uhtloo· 
ohlp, <otbu oboo "'"'""• o uqotoco of doflol<looo oo<O oo VT 
S(>"l), P{S(07Jl, TMo Und of olo~ll<ilr lo och(ond n 1~• COl< ot 
n~ulriot tho oynoo lo •nluotood o to/1" "<lo<T Df '""'"""' 
{!.o., rouuo-oo~lpo of •11 pooo!Uo dotoooo). lo lo ofooo ....... 
ton tOlo vooiU ol o441tloool <DDUtu<IO lo .,._.,., oo4 db oo 
oow r .. coloo, ,¡ .. , ow.,••t•t <oo h uprooooo Lo ""'' of tOo 
-,,,.,., ... , .. ,.,,...,, •·•·· uao.--. ,.,,,, .. ,~lpo. _ 

Vo COo furo)or Uluolnoo th cooupto, oo.i p~oblooa, 1• o,,,. .. 
fot opo<lf1i•l orl<hootl< oopooulooo. CoodhT ooo loOI"''' ""l<h 
h.tto ,,,., fot upuoob1 .. dloloo, Olololoo, oll<l coUIItlnt, ... 
ono<h•t ""'"''" •bid· ~.. oll tbooo pho o tono for "o<<UI<"• 
hU loo¡ooooo ~••• <h.tt oooo ·'"""'load copob!Hor for Oooc•IU•I 
thlou. , .. fltU lo oJ.,In bocouo 1< ltoo '"'" ,, ... to ·•• 
lofloel loon ... , ... l..,.l ... uo•. .., tbo oocoo4 I .. JIIOIO lo 
oO•I-olr oooJor <o ooO lf re• ""'' -to C-to .. nno¡o. to 
"""''o un of.uhoo, ••• vrhoo 

.J • SUJI(~IST)"DIYID!n•I"I.COUII"/(LJIT) 

lo , .. 'nnt_hol~"''• ... 

.. ---. -·-· 

• 

-- -----

.. 
lo obo ,.,...,¡. 
lo •1••• "''"" ''" "'" uo• ol ot..,.llcltr lo opp..,o!on" too 
llfforeu lnol lo ••• ''"'"· no flru h•t"•l• lo oppr,rlo'" u 
o 1 .. , loou .. l, lopt<o .. utl .. loool of tOo ''"'"• '~'" opln<o• 
tu loo cou lo of prlootr .-~""'· nt ucon~ 1•••••1• ¡, oppro~rl­
ooo •• o htJhot '"""" lotnfoco vUch lo oeon by vun. Sooo 
Und o( tnn~fooootloo proctoo lo nq•Lnd bot•oon tho Jo,.lo, ouc­
oo·o lono••o• <oooolotor •·ht<b <oteo <lte ooconO ototouU ..... oo 
wrlltoo by • "'" ood tu .. ro••• h lnto tho flroo '""""' obon 
to ~o O.e<ou4 by tbo >r>tto, TOIO.<O<nopOoh, loo ''""1'"• to tho 
Lop!O<oototlo-o of o rolOUonol 4o<o Oooo oo <op of oo fotoohco 
•.oollo¡ ooly lo b!OOTY nhtloOOOI10. 

Tklo OP!i< loWo1 opp<oo<h.-., oooo dhodoonioJOO. Slnci tht dfn« 
lnoooo of tbo ••ot lo oot l<>n>Olllod 10 tho undotiyln¡ '!'"'• lho 
>r>U< _,, not bo .. le to optlniH ond poofo"' tko f•n« oo lo 1ho 
""' """'"'' nr. lo ••• ••ero¡t•J uooplo '"'"• ·oh """' 
u<u<l•o oke flnl o<o<oO<ot >DO • odo <•O '""' UfOOJO no 
llot. •oco u ""'""!>lo tho ,.,. ool a¡o(o 10 ,,.., tho o loonto. 
H ••• ""'" ..,.,,,. ..... .,,,,. Oho<!ly, 11 ,..,. •• .. ,. lo"" , ..... 
In o nutoholi, oloplltltr 
concho '""lf!looo. 1oth 

con ooon olthor o" ......... •&~••· 
lo<Uootolly. lo< Non<! .. otlll o oblrl UU of 01opll<l<1, vJÓin 

· ••r bo ,,.. N ro bpOTU.o< <ho tbo oobn o .. lo rbo o no of 4•to 
•u«lp<ioo. nu u •r .. lllorit,.-. _1ho ooolen 4ooe<Lplloo """' 
lot yoo to hot1t od uoe <Or<<Ctlf uy >oll bo ••• 000 •hl<~ lo 
cloooot to oooot)bl ro• o!r<odr loo•, rorudlou of >ov objocti•ol .. ~ 
cooplu tho< 001 bo. 1< lo pud,.ly thlo phon•••n•o, foo ooo~plo, 
""l<b OOioo no ooorl< ,,,. .. of "'"'""""' ooch looo •l•plo for oo 
!••• "'" of •r nodou) u ""· •ll>-o•¡~ U lo ""'"""' obplot lJ" ••1 o~Jecu .. «ltorloo. no """"' v U oblo Ofp•oo••· of '"'"'· 
lo <ho h lo n•Jtrtl•• oool bpoado Y<., -• oo who the uoon o.-.. 
Uo• ••,.. .. ,..,. 11! J.od •••• 1< loo•.roo to ••pport-o o•)<• of 
""'"• oo<- •ppeolloa 10 • Uffoooot ,, .. , of .,.,.,· rnoro lo 
<>lo ...... , oho OJPorout fooUio<ltr coo oloo lod """ &ot ur. 
Thor ooo prono u aoUna fouo ouuoprl .. o ohut oho ''"'"• ¡ 0 •· 
ohooo <oooo •hu <ho ornoft ••oo no< behno oho """ oo 1bo Ulot 
<hoy •ro fooiUor dok,) --

llrlno<ou•rz notco• 

Mor~or <OO<OTO orlooo tt- oho foco <llot lo ho<TI~Io¡ oo o·O<J" 
coh<loooUp oo o coopoottt .. ol ~'-"'1 TOiotloooblpo ooo 000 to 
tolo« ••• of ••• ••or poulblo ,_.,.,l<looo. no, 10 ' ooo•Ooo-to •••1•• ""'"'"'u opoclfr rn oo P(n), •In), •• I{,;J, rono 1o 
oftoo ""'""! 1• , .. ""' '"'' ooou tkl•• of t~lo ,.,.,loooblp to 
'"'" ooo ora nOT the oc>or o... "'"" tUo n~lnoo¡ <""«• 
obo•U ••< I•OYo to •Ooodo lo t)o , ... .,,,,¡ N4ol of t>o ,,.,..., . 
tloo OYotn. AlOo, oh<o lo o'"!"' t~ot <Uo fa.-. of opo<lf(<a· 
""" 001 ~ .. - oo<•nolod lo op!Oooo10<10o ••• potfotoooco 
"'"'"'· filo 01'Cifl<ocloo "P(Q) '"11'"' oo loplooootOlloo Ut 
"'1<- poopJ• jOOI !Oto< .. r..od lo· <-O TO)OilMo-lp .. tw<oo ~oro-oo• 
'"' ,¡•oolio.,, ! ••• , Q, •111 1" '"'" oonl<o tlooo , .. ,. 1.,.,. '"* ooly lo por<o_•U •ot•Oo~ooo, •·•:• PW •. .&ár oodo .... ll<ooloo 

·- -- ·.• 

. 
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l" .. ' .. 
ltJ.o "lloh" of {loldtiO<Io/ ,.,¡ '"" "o<luol• 
i!hJMU/ u .. rohu oo '"" , .. ,~,, of opoclfylol .. ~,, .. 
l~piL<h loloolo.,Moo 

' 

'""''''""" ,; ................ 

lhou lo o ~JsojnnUJO lo or«coo •hlch Jool 0111 lo oooo.l roto· 
llono•lro. Tbo¡· lloh ·~· ~··· 10 follo•lq ro<h .... ¡.~ •••••••• 
P•••·touolr .,.¡.,oJ "+' o~ ... o4olaLu.,on. ••• ooU lo 41fflcull 
lo foll ... patho lnpii~L< Lo ot!>or doto "'''" Lo 1bo ""'"· 

U ••• ••llolu-&<o rohul 10 o UITd lo ooy nr, tboo tht lo 
IUolf '""Pthn o Ulottoaoblp ....,., th< flr" ,,.., Oao ooplor<f 
olabo •-.<1 lo ou , ... dop .. tooo< ., ... , .. ,,,no "'"'"{ o< o 
dop&<t .. ot pn~""'' ooro01 oo o«<OUIT for ooelo ooploroo o nu ..•. " ... ''· - . 
Auol .. tu <•• ,, .. u, o~ch ilalo Lo tho .... var oo tohtlnoUpo. 
lf •• oopl•r•• .-olo n o coruh locou ... tlh !.plln tlot Uo 
........................ u ............... __ 11 ...... . 
.. , .. ,,., for uublhoto¡ <hot 1>'0 ot<TI~<n "'" "Lo <bo ooao 
loc&lo", thu ~• '" Lo., o oolotlo.,hip b<t~ooo loo oO<hL•o 
b"IOI lho ""' oo\~o •1 ••<h OHolbutn. r.,., •• coo\4 hin '"" 
& ouppllu on4 o '"'~ouoo oro In <ho noo <Hy. 

lo1h tho dooO!o ond tho rolo of tho •«oLbutn """ bo '""IL4no4, 
•• ,.,¡~ ohu"'"""""' <ho oLrnlfi<ao<o o< tho hpl\o4 uLotloo· 
"'{· lf '" '"f'"'" .... , .. ~ ........................... . 
<01 ......... ., •• , '"''' ............ "'"' .................. . .... .. .•. .... ..... 
O<h< "'"'' of """'""' Lofnoocn "''"' obo Oo •• ,.looolp ,,. ... 
lf o pon Lo avoll&>lo f<oo o <nOOh '""'"'• , .. o'"'"""'' 10 
"'"'''' bp thu ••wlln, "' <oo'o Lofn olot ,., C" 1o O<<><l<' 
Lo <0&< ~'"""""' (AIII '"'" lf 1< ~"• lt '''" t o dlffuon 
ooopplL" ~"ba oupplld '""' pon u '"'' '"'"""" ) TOlo lo tOo 
"'""""'' .. tnp• /Co.LlJ, ~~ordr"' "'""'""' '~"''"" ••r ~· ,.,,., fr.., tbo "jato• of ho '"l•oloooOipo O. o,,_, lo.,h, TOlo 
lo • ""' "'"'• ••• ••• fooll of o>o doto oodoi Lo"'""''' oho 
., .. , cno!o1 <o oho '"""'· Tho Olo< '""' ,.,;., '"' of o]otot• 
oolr toU>I '"'b TOI&tlo.,¡ oponton u "ptojo«" oo4 "jo lo'" to •• 
lour .. O~nnLono, "P<<thj lhlt ,nfoooln1 1h0 ... in IO«<oolOO "'"'>' tho OfljLu\ LolorootLon. A pro)«< L._ Ull do<oo~oiO ono 
""""" •••• < .. ; jdoho <hooo ,.., doot oot oo<oooorilr ,..,.,,,, ... .,,, ... , ""''""· . . ' 
O..o o! <ho """"-' ot t)o rolotloool ooo!oL lo <h•t oll oud 
"I"PLI<Uir 4oflood" fOinLooohl't 0<0 ro•dllr ''"t!o•lo, oloplp •r 
JoloLoo ui&Uo01. oo o •-• •-.Lo. 1t do.,. ,...,,.,, "'"'"'• 
<hu""" <or<oc<lr ''"''"' '"' "''"''1 .r <ho,JoLoo• "'"''~"· 
lo ••• rolotloool ...,¡,¡; on ,,.., rol&tloooUpo "" •o••llr "Lo" ••• 
•ro<••· Ooo _<ooLl rlow 00 o 4Lool .. otoJO, h .. nor , .. Ion noo 
<hor Olo UL· ia¡Li<lt. loLoOIHoOl" 0<0 oa< op<d!lo•, ooo.ol "' 
..... '" .. "'"' ,,, •• ••· '"""""'' """'· •• ........ , ,¡,,, 
'"'''' .. ' Oo IO<orpot"oto• Loto, .. "col.,. ••-•" lo tOo roloiLH•o 
"tOo •h;o of <ho porooo •otLolno <ho·rol><i•>· · 
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.... 

... 
·' "'""" ,,.. ¡ub 0 tloll •- t. ,- ,...,.1¡ •oonr ,.,,,,., u 
looo< "" 1-«hoo (fKa\IJ, 1>.-<SI}lt 1\ , .. ull op«Lfr t~ l-.¡, 
,,_ ... 1< ...... t ...... ~· ..... ¡ •• ,., ....... , ~ ....... ~ .. ¡, '" 
oho ,., ol¡oUiton<o d 111 '""""• d\0 oOo ontllr ldoot lid 
br 1ho hr fo.o .. hto ol hin, oo i•f'""'"' •••'""' lo). Thn 
¡, •• louoll" In <bo ul&<!on•l oo~ol to dlulno•L>t o\uo <>o 
f•o«loooool 10o <OIO.o '"''• '"'no dl><lplloo ~kl<O 4lo<oun¡u 
<ollln¡, <ol""" juu ""doto" (O< "Mto4") '"''"4 of "'''" o! hlro"', 
(CoOJ) '"11"" ptofi>ln¡ o ••L< "'"' 10 tho dooolo ,.,., to 4Lulo• 

'

uLoh,two <•lüAOO Jnwo Ir,. ••• ""' ~oo&L~: ).ISSJ] "'"~"""' '"" 
11 u ¡••• '"'"" loo'"""'""" """' oa <antda hth tho oolo 

ouo u tho doodo oooo", thh h ptot..,.blf Only t-. th boooflt 

o1 >uaoa "'"'"· rno" " 00 ''""'" •r,"' bf •hLeo t\o ''"'" .,1 ,.,,.., ,~. 4 ..,,10 ,,,.,, 0 • 1., 00 .,. fy:<••••••"'"' of 4oo&loo 
IOT & jolo opontloo. ••• .,..,. & 11""1 !'""""' fallow o <boLo ol 
"""""'>11•• •hofo ••• "'~" of <h •• ""'"'"lpo ""' <oo<olo .. 
lo t>o ulo '~'""" or ••• '"'"" oouo. 
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The entity-relationship model- / 
A basis for the enterprise vicw of data 

¡.,· PETF.R PlN-SHAN CUEN 
... , ....... ,., ......... .¡ ,.., ... ~ 
,. ..... ;J,.., """"~" .. u' 

Th< 1-.,~epl o( lh< en\erpri>e vicw el data Íl ~<ty u«M in 
Lh< d-•"'"""' d«i;n proce" and in !he con>trucliun of 
,-,11,;c¡l•u~l ochemu. Thi> poptr di.cuo.sn Lhc use oC Lbc 
utn~-rdation .... ip appmac:h in dcscribin¡: IJid maintoinin~ 
Lh< cnO<rpri'" •iew of d•t.o. Fundomcntal opemli""l for 
.:h..n~i"' Uw cntcrpri>e ochema are prescnttd. finally. la 
"·•mrl< io ~i•cn to ohow Lhc dLITercncco be•w••• lhc 
<nl!l)'·r<'l . .lli<>n>hip oppro<~ch ond Lbc da~>lructun: ap­
r••••<h in modolin; lhc enlorpri>c vicw of d.illa, 

INTI!.ODlJCTJON 

The oubjecl of thc lo¡ical •icw ol dato h:n allruted 
r.m,jdcr.~bk 111Cnlion in the pul 'len yca.,., HOl'o·cvcr. mo<l 
""'~rchctl hove foc:u1cd cn the "''" vicw of dala. Thc 
11<cd ror l!udyÍIIJ Lbc cnw-pri>c •i.ew o1 d.>ta """ 1101 
o<ro¡:nl•od u ni~ rccemly. Oifforcnl users of a d~tab.o~ may 
""•• differenc vicwt o( !he databue. buc !be onl<rpi"" 
•hoold tl:lve 1 uniquo and conoi<lenc view of !he databa..,. 
l"hi> ;, p.onicularly impona.nl in dt<ipín¡ a IOilic>IIY ""'""" 
in~ul alld con<iocrnl dac~. Thc: COI"IC<pl o( th< enJer· 
rri-<' view of dala ;. vecy useful in ti>< d.>l~b,.., <le<ip 

"'''''"" and In tbt dcsi¡:n oC <on<:tpttW schema. 

D-••~b'"" deoign b a proct<oto orpnizc data iniD a fornt 
""hkh m:olche> che ullderlyin, d.oca model oC thc cbl:!but 
'""'""''"""'"' oyocem. Then: .,.. !bree m;(iDr lypu of doLO· 
~,..., m''""l'<menl oy.Cemo: n<hlork. bierorcbkal. 11nd "'"'"" 
li<>rul. In the nec .. ort. d.>l..b:o"' ""'""~<111ent •Y"<m1. 
~hi<h includo H~n•y~·dJ"o tOS ond tJNIVAC" D~til-IJOO. 
d"'" ,.jJ¡ he or~•nircd into dilferent typn of rccords and 
e •n he «pre•cnoed by a d"tn·>lruclure di;o¡;r.~m' 1••• Fi;un: 
11. In the bi<r•<ehkal da!X..>e ""'"""'meno >Y•Iemo, 
"hi<b includc HIM'o IMS, d.>ta wi!l he "''-'"''"'<! into a 
r,~m 1imila.r IG bul more ""'ricled otlon tbe d•••·oii\J<Iure 
di"':r•m. In lhc r<l•li<>n:>l dal:.N.'I< mana,ement IYII•m•,' 
d•la "'11 he or¡:anizcd into a"'' of tableo (or '"rci:<IÍOIII"). 
In ¡er><<al, lo dc•i;n a dauba>e is 11> ok<:ide how lo 

/ 
" 

or¡;ant.e <bla into lf'<'CÍfO< r,.mo (f<"cord 1) pe>. t¡d,lts) and 
bow to ncceu obcm. llp tu oo~·. tbere ore very f<w '""'' 
avail>ble ro lid the <l:uabas< ck•iJ:n proceu. llouolly. ti>< 
d.ot:obo.e dni¡ner relie• on hi• """ intuiiÍ<!R and nr><ri· 
ene~. Tbuo. 11>< resuloin~ d>~abau m:oy not l31i>fy '""'" 
p.ony"1 nb.i«tivc. ond may cau>C prublcms in <omp.u<y's 
Opcr.nions. 

An01hcr n:lated prnblcm in datoba .. dcoi¡n is tb.ot tbe 
oulput or !he d~tahlsc desi"' pr<>e<>>-lh< uoer och<""' lo 
dcocripoimt u( 11>< ""'' •iew of d>!aHo nOI a '"purC" 
r<Pf<ocnlation <>f !he «al world. One .,ro he rca1ono is 1hat 
!he dat~ba>e cksi¡:ncr ;, rcstrio•N l>y thc limued ••p.ob.ili­
tics of ti>< d•toto.o~ mana¡eor.cn! ')"•l<m. For e-.mpl<. lh< 
m.any·l<>rrut~y re!ation1hips beiV.«n cntitieo a« dilf>eultlo 
repre~nt direcoly in iOm< d•tal>.o>< >)"11<m•. Anolh« !"Ca· 
ooo i> tbat the uoer ocberna may <<>nl,oón wme fcalu<n 
reb.ted ro the """"" rcpn:~•'"'ion of thc d•l•b ... e. For 
instllloe. ic may describe whkh rccurd lype1 can be dirrcrly 
...:cc•..,d alld IM:ow lo ICC<Ii G!h« rtoord l)"peo. In lldduion. 
the user ••he= ;, "'""IIY dc•i¡¡ncd to be efficknt f<>r 1 
cenai11 1ypc of dato pn>("Cnin; Dpcr.ooiun•. For cumple. 
thc dota abouo emptorcco nuy be voupcd into '""'record 
rypeo, ~mplo)"«·m:utcr and empl<>y«-detoil. to improvc 
lbo rctrieval performance. Tbcocfore. the u•er «hcrna is 
u.uaUy not • di<Ccl repre~eototiun of !he real .. orld. Tltio 
makct 11>< ""' "'hcmo difficulllo undct>t.1nd ond dLiliclllt 
lO <han.c<· 

............. _, 
.. , .. MO< ... \o• 

'"'"933 
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' A Pll'>'ihlc <Ñulinn In lhc ah<wc pt\lblcm> io 10 lnlrodU« 
~n intcrmcdiodc ''"""in""' ~a~ eL. .. ~ pruo;cu; <kli• 
in~ thc cnt••rpri<r: """"""'· "·hich;. a .. purc'' rcPr~rll"li<>fl • 
nf lhc ,..,_,¡ <nrrld ",.¡ h indcp<!tldC'IIt uf Olorap! and cm. 
cicncy """'i<kr~l~"''· Tll< cnlc>pri<r: ..:bcm:r \<illlt..~ be 
uorn•l.ol<"<l in"' diffc«nl IYf'<'• o( <r:hcm:rt• /or diiTcrcnl 
d.&l•h.r...,· m•ru~,·mcnt •r<~cm•I!<C< F"~rc :¡. H """ "ho be 
tmn•l.rtcd intu •c<cr.rl •chc""'l• /ur lhc '"""" <bt;oba>O 
m.rn:r~eon,•nt •)•l<m l!l nptirniz.: drffcrcnl ll'J'C"I <>1 d:.la 
prnc:c•-in~ "!'<'·"'""'· Thcrc o..r !<C•cr.rl .dvonl.¡¡:c• o( lhio 
"PP""'ch: 

lll Tite cntcrpri<c <.ehcma i< ca>icr to undo"t""d th"" a 
u.cr «he""' <inc:c lile formcr ~loco lkll ha•c lhoc 
<c•lricliun• uf ttre undcrlyin¡: dat.>l\,\c man>;<moal 

'Y" cm; 
121 n.. cntorpri"" "'"'"'"' i> m<>rc ""'* lh:ur lile "'"' 

""""'"· •incc •nnrc IYP:• o/ ch;on¡¡Cl in lhc U\Cf 
"he...., mo~y no1 <C"qttirc anY ch:<n~c in thc cntcrpri"' 
o.chcma. )/ thc cntcrpn<c ><h<ma ncah tn t.. ch;<n;cd 
tn rcfl«l ttre chan¡;c• in thc cntcrpri"' cnvirunmcnt, 
th< oh;rn~c• c•n 1>< pc>furmcd c: .. ily oinc< cfTrdcncy 
.rnd •h•r.t~< i'"""' ar.: nol con•idcn:d. 

Wh.L! ¡, thc dillorcncc bttwccn lhc Cntcrpri,c <r:hcma and 
lh< ''"'':cplu:d ...:h<ma prt>JIO"'d b¡t ll>e ANSUXl!SPARC 
;roup~' o.,ic.lly. thoy are vcfY 'inrilor •in<< h<>th ~•• 

dc...:rirti<>n• uf ti_, cntcfl)ri..: Yicw uf d:.ta. In IIIC SPARC'1 
•PPf<M.:h. tl>e ,.,.,..~ptu:<l ><hema "'"'"' a• •be intcrlacc 
l«t,.wn lb.: c\l«n•l sch.:ma '""'' vicw ur dat:l) and tl>e 
""'~ ...... ma lt>fly..ic:al •icw ur dat>) h<e Fi¡urc 3). Thc 
roquircmcnl uf '""'in~ "-' an inlcriaco l«lw«n IW<I othcr 
>el>em:tto m:ry intro.Ju<e "'""' undcoir.rhlc /oolur"' into !he 
cono.ptr<al •chcm.&. lf lhio rcwictiM un thc <<.>nC<plual 
och.:m.t i, i~rulfod. Ibero ;. ~lmo<l no diffcrer>ec hctwccn 
lbt c"n.:cptual <ehom. ai'HI thc cnlcrpri"' schcma. Thc ... -
r,,c. lh<" l.:<hniquc• di">CU>"«d in tbi< pdp:r aro;¡¡..., •ui<ablc 
r • ..- d,·-·ri~in~ """ m;tÍQI.>inin~ '"" <<>n<cpt~~.;ol ...:btma in lhc 
SP.~R(""< ao,hii<'Cturc. 

•• d •• .¡, 
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In ordcr to dc<cribt ll>e cntcrpri•c •iew o( data, a mentol 
framc,.ur\ lo madclth< real ,.m1d i• nccded. O!ffcrenl 
pcr>plc may be u•cd ln dil/crent m<nl>l framcworh. Tll< 
menl..J fr"""'"'"'~ u"'d in tht. p><p<r io ll>e f.n1i11-Relation· 
•hip IE·R) modcl.'' Thc E·R m<«lcl ~n.J >imilor ap­
pro;ochc>'"' ha.c tocen found ""'lul in modclin¡ !toe rul 
world. A di~gr"mmaúc l<:ehnique canod ttre Enlity-Rcla· 
l>un•hip !E·R) di"llram ..,;11 bt u\C.J in thi> popcr la rcprc· 
«ni lh< cntcrpri"' vicw el dala, 

Thio p.1pcr i• d¡vidc<l intu 1hrcc p.rrt•. Thc lim pa!"l 
di'>Cu'"'' how l<> ""' ll>e E-R modcl and dia¡;ramm..ti< 
t<chniquc to dc.cnbt thc cntcrpri•e •i•" of dala. Thio is an 
utcnoi<>n o/ lhc wnr\;; rcp,rtod on Rclc<On<e j, Tho scoor>d 
pa!"l dc•cribt• fund~mcnt;~ opcr•tron• for thdn;in¡ tho 
<nlcrpri..: •ic"' o/ dat>. This ;, an o«a ... trere •cry lilll<: 
"nO. h;<> btcn dm>e. Thc """'"'''"'no P<"P<''"d in thi• pa¡><r 
will be U'O!ul in mainlainin¡: lh< cntorpri\C ..:homa. Tll< 
third p..n "'"' ttre E·R ;>pp<<>.><:h lo ¿n,Jyz< an cumple 
~von by Bachman" concomins <:han;"' in lhc conC<plu:ll 
o.cbtma. 

MODELING THE REAL WORt.D USING THE 
ENTITY·RELATIONSHIP MODEL ANO 
DIAGRA~IMATIC TECHNIQUE 

In lhi• •~e! ion."" •hall ""' ,,amplc• oo .Jrow how ID use 
1M t:ntity-Rcl~li.,n•hip ¡f.-RI modcl aod di.<¡;r.omma~c 

le<:hni~uc lo dc<erihc thc .:nlcrpri>c •i<"' t>f d;r!a. A mo"' 
f"'""'l ddinition ultht m • .Jd c:r.n toe l•'llr.l in Rdcrcn«: l . 

11 i• .<»umc.J 1hot !he rc•pun•i~il ty ul Jcflnin¡ an.J 
m"int.<inin~ lhc cnlcrpri"' ><trema ~ !u"!'• lo a pcrsoo 
<•ll<d !he r~l<'q>riu .. Jmini•lllllo>r. 1 h< f,•llu..,in¡ U lb< 
'"~~o;l~d procodur< /.,.- lh< cntcrprÍ>c admini>traiO< lO 

.!.:fine lhe cntcrp~ ..:hcma: 

111 iJrnri/)' rnli/y >riJ ..¡ inrr><JI tu l~t <nltrpriu 
An rnlit<; io a '"thin¡:"" ,.hi,·h c.on bt di,lin<ll1 

idcntif.ed. A<eurdin~ lu 1hc nc:c.J• o1( !h.: <ntorpri..,. 
<nlirics can bc d."'ific-.1 inl<> Jrlla.:nl <n/Í/y ly¡w 
>Uc:h "' EMI'LOYEE. STIICK.IIOUlER. Anrnlll) 
,,., is a ''""P uf cntili<• o( thc ,.,. l) 1'<'· In lhc E-11 
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dioFr~m. "" ~nlily ·~1 is rcpr~•~nlod hy o roclon~uL,.. 
;h.ol"'d b<O< t•<< Fi~urc 4), Tbe lcrms, .... 1'' •nd 
''IJ'f"'," <•n t... iniNCh:on~cd in lho E·R di,.gram. Tho 
rcodcr "'"Y u•o oilhcr 0110 lo intofl'«l tho E·R 
di:ll:r.om. 

There are mony "thin,," In lhc "'"' world. In 
ll<ldilion, diffcocn1 enl<fllrir.es may vie"' lhc "'me 
thin; do1Torcn1ly. lt io the respon>ihility ~r 1hc cntcr· 
prí•e admini>tr:otor lo .. 1ee1 1he entlty l)'p<'S .,.hich 
ate mo;t ouiuohlc for hi> "ompany. 

(1) idrmify rh' rrl<lliomhip uu o/ lntrrUI ro rhr rnw• 
priu 

Entili .. nre rdo!U to eoch Olh.,, O.ffcrcnt l}'f"' o( 

relatiomhips moy ulst between diiTcrcnt 1ypu o( 

entitieo. A rrlatWtrJtlp Jn io a oel ol relation•hipo o( 

the <nme IYI'<'· For e'-"mplc, PROLEMP. "'hicb 
deocribu the a.>i~mcnt ol ~rilplo~e• ro projeeto, io 
o rd•lion•hip '"' defin~ 011 1"''0 entity ,ct., EMP 
ond PROJ. A rdouion,hip oet can al"" be d<fine<l on 
more th•n lW<> entioy oel!. For uamplc, 
PROLSUPPJ>ART is a rclationshlp ocl dtfi110d on 

lhroc cntily '"" PROJ, SUPP, and PART. In thc 
entity.rclationship dia"""', a "'lationohip oct ;, I'Cf" 
rcoenlcd by 1 diamond·shnped bo• "'ith ¡;,.... co ... 
n<ctin1 lo thc relate<! eatily .. u tsec Fi~un: 5). n.. 
"m" ond "n" a"ociM<'d wllh !he PROJ..EMP rcla. 
tiooohip in llu:! E·R dia~rdm indinle lh:Lt tb.= rclalion. 
ohip i• aa m: n mappins. That ;,, ea.::h omployoe may 
be •noda!cd with .. ~cral projens, and c..:h projeet 
m.oy ha~e oevcrol cmploye ... In cert;,in campan ..... 
cach cmployc< bo:lllflll> 10 ol ll'IOSt one proj«1, ond 
thc PROLEMP n:l•ti<>n<hip ;, 1 1 :a m•ppónJ. 

There are many typeo of rd•tionohipo bo:t-ea 
enliliu. Thc r<•po.>n>ibiluy uf thc cntorpri>c admini<· 
11'2.101' is \0 .clcct the rcbooionship oca (01' l)p<ll 
whkh are of int<r«llo !he entcrprhc, He al>o ha.o 10 

lp«ify thc typ< of m~ppi~ (1: 1, l:n, m:(, or m:n) 
of lhe odali<ln>hÍI". 

(3) IJ<IIlify td<>·~~l /H<>puti~• af ~ntitiu anJ rtlati""' 
o hipo (l.r .. J<fl'lr o•ul~<r ,~,. uwJ nnrihutu¡ 

Entitieo ond tclation>hipo Uve pfDptrtie>. "'hiclt 
Un be uprnS<'d in tcrms of 111/ro!>ut..,.•·o/u' pairo. 
"Biuc," and "4" are <>~mples o( >UIIIr>. ValLLn cu 

..nth1 Sot 

• 

llelatlonohlp Sot 
f1r..,. ,_,..,..._.,. ... 

toe·c~a .. mc·d into diiTorent r:<pr• >uch ·"COLOR 01 
QUANTITY. A,.,¡,,.. .rt Í\ a gfLoup uf v.olu~, o{ th< 
umc typc. An nt,ihlot~ i>. • ""'l'pin¡: r ... m "" enuty 
O<'l (ora relatiun\hip ocll to • volt>C >Cl t<>r a p<lUp ol 
""lt>C ICts). For el.,mplc. ".odd•e<•" i• an ;o!lubutc 
"'hich maps cntitic. in thc enliry ...,. E MI' h> '"'"•' in 
thc ~aluc ICl NAMES...OF_LOC. Nute llut "< reL" 
thc eon>lrainl impo><d io Referc ... ·c 5 th ol lh< ""'1" 

pint frum thc <ntity '"' lo 1be v,¡)uc "'' le" tu t... a 
functinn ¡i.o .. m: 1 m,op¡>in~). In ulh.:r "'"''h. "• nL>w 
ano ... 111..1 an atuihutc l<u<h ao .oJ..tr<"l •·•• h.o>c 
ICVCr;ol v;¡)U~' I>Uth '" l<lCollÍo>n'l f~r lhe ,,1n1<• <Rllly 
(<mplo¡·~c). Thi• «l.>o!liun in obe ~cliniti"n ,.¡; ~nri. 
bulo ~·ji( ma~o lhe ch.•~ in thc cnto1pri•< viow 
s.impkr. Thi> poinl woll bc:cumo do.u in tll< nest 
l<tlion. 

la th< E·R di~,r.o.m. a ...,¡t>C .. , ¡, re[!f<'<ntd ~~ 0 
. ' . Clrc o, ond on onnbute •ts ropresentcd by an arrn ... 

dircclcd f<om •he <ntil)' oct (<>r '"" rol..!~•n•hip '<ll to 
\he dc>ired -alue scti•J (>« Fi~un: 6). After wlectm~ 
ontity ~el> •nd rclohon>hi¡> scl!. 1hc <alerpri,. ad· 
ministr:uor ideni'olico !he attributrs and volue ><l> 
which Ir<' rclcvant to lile <ompa~y'o opor:oliono. 

Tho lhre< st<p< <1>1«1 •bo•e <o•or ~ ~ p..n of thc 
enterprí<e •<hema, Fur ;implicily, "'e •hall ""i di"u" in 
lhis papcr olher iuucs ,.l•t<'d to thc entcrprh< "hcma 
>oeh u inlq:rioy con•tr.o.int5. 

To dc•i¡:n 1 dat;ob,.c, thc cnlcrpriiC ao:hnini•h~lor flnt 
d"'"'' an E·R dia¡¡r.om ouch o> tbr one shown in Ft~ure 7, 
He then drow !he ottributes ond ~~Jue IClo {or each <nlioy 
~ lnd Jc!ation•hip ICt, The E·R dio.s:ram io !hen tr~n>latcd 
<nto 8 dala-struclure di•~ram or 1 oel of tablcs ("relations") 
(l<e Fi¡:ure 2). The rules lUid proecdun:s mcd in the 
transTation "'"'"" "••e di""usocd in Refercnc:c l. HCle 
...., shan inveotigate ho"" lo ohangl! !he enlcfl'ríse Khcm~ 
(tho E·R dia¡:<>m) itself. 

MODIFJCATION OF THE ENTERPRISE VIEW 

Al .•h the <ntcrprioe ochcma;, ~ II>Oble !h;ur 1 
uscr · .na, it ltJII n«~> to he chan~ed frum tim.: tu time 

-· ........ ... -.. ---i----
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fii('J_Il, ,., 
"'•""' 1~~· •• ,.,_,.¡,,.,.. .... _,_ ..q. ....... -....w., -·-
lo rcl'cct \be cban~cs in \be cnlcrpri.., cnvironmcal. Ex­
<eplin; a p;~pcr by Dachi'IWI." Wf)' link "«<r\ hu becn 

_done in lhi> arca. In thi• paper, wc u>e \he E-R mOOclas & 

b..•i• for on.:>!~zin; difTcn:nl lypes ol chan¡:e> in U.. cnlet­
pri•e vicw ol dma. We nPI only propo .. a,., o( openllion> 
bu\ aloo on~lyu !he con..,qucnces ot ¡he.., opc.-.lio .... 

Thcrc an: fivc Nni< !~pes ol Opcr.llion" nJJ. dd,~, 
split, mnf!~. and s/lift. Tbe fil"ll fOCit openlliono ""' applica­
blc lo entity "'"· n:bti<>~uhip "'"· anribul.,, and v~l..., 
'""· Thc •l•ift UP<""dlion i> u•cd w~en the cnlcrprise 
admini""""' wuuld lile 10 vicw a voluc ..,, in the old 
enlerpri•c ..:hcmo n ~n cnlily "'' in !he ncw ..:hcma or 
vice ver .... h io u. .. rw lo Lhi<lk tbat the E·R dia;.-.m 
con•i•n of '"" conccp\ual d~>~~~:~in" (1) \he uppcr conccp-
1!1:11 domain "hich cun•Í•l5 of cnlily oe\5 and telalion>hip 
..,10: Ul !he luwcr cunccp\ltóll dumain which conr.is\1 o( 

nttritmlco and vuluc """· Wc 1h.,ll discun \he firsl foor 
"'"'""'liun> in t>.•lh tbc upper and Lowtr conccplltóll domoiRI. 
Fil\.1lly. "" •hall di>cu<> \he 1hiflin¡t M cn1i1y •el from thc 
upper cunccptuo.J d<'=in lo \he kn•cr conccplual .Jomain 
alld \he >hifLint: • value oct ia 1he oppositc dir.,¡iool. 

Thc r"n""·ing ~"' thc b;uic openuiDno applic~l>l< to 
cntity """ ""d rd•tiun-hip scU: 

( 1) Split "" notil!" illl<> •~··~rl'l suhuu 
For in•l;mo:c. lhc <11\ily OC\ EMP in Fi&u"' lb can be 
•plil inlo ¡w" cnlily se!>: MALE..EMP AND FE· 
MALE..F.MP in Fi&u"' 81>. Thc C<Ml>equcn.:c ol1bis 
Opt't;lli<'n i' 1h.1l 1hc rc[.,li<'<l>hip "'" "'""'i~Lcd wilh 
1h~ en1i1y "'' "'-'Y ~l•u h:l.•~ w ¡, •plil. For c.\ampk. 
PROLI:MP 1> >plit inlo PRO!J.LEMP ~11<1 
PROLF_EMP ( .. ~ Fi"'n: Bb). 

C!l Mrr¡:e >na~/ otti~ '<"1> /nw ,.,... ~lt1Íf'1 •~• 

Thi• io lhc <>rl'•"ilc "!'<'""'"" o(()). Thc """"'" 
'1""""" ¡, lh•t !he n:la!C<J r<LIIiDn>hip >eh m.oy h.ovo 
lo be mcr¡;C"d. 

()) .~plit a rd~timullip •~• Íltl" •~•·rr,/ •uhur. 
An cx~mpk ol 1h.io oper~ti<ln i>: lhc r<:lalion>hip OC\ 

PROLEMP io fi¡:u~ L can be •plil iniQ two reJa. 
lion•hip oel•. PIIOU.IANAGER and PROL 
WORKER. in F"'l'Un: &c. NulO 111.>1 lhc l)pe el 
mappin~ in !he nc,. "'L:tlion•hip> may be di/TcroN 
from lb..\ io thc ori¡:l.W ·rcl.llioln,hip. Fur in>!Oncc, 
lhc m.1ppin~ in PROLMANAGER i> l:n "'hilo !be 
111.1ppin¡: in PROLEMP io m: o. 

(4) Mrrr;~ u•·.rul '<'hlli<lnohip ''" ¡,.,., on~ u/ 
This is \h.c oppo.ilc opcr:llion or ()). Nrno •ha! lhc.e 
rclalion•hip •.ct• b.avc 10 be d,fin<~ on 1he oamc 
gr<>Up of cntily oc\.1. • el) AJd ~ nr~- ~n1lr, ul 
For c•amplc. a ncw enmy ><1 c.•lled SUPPLIF.R mar 
be addcd 10 \he E·R di.>""'m in Fi5UIC &., Tfle IC>U)I 
i• sho..-n in Fi&un: 9¡¡, No1c \hdl 11 i> po»iblc lo h~•• 
<tand·alunc ontity ><li in 1hc cnl<rplÍ>< ochcma, 
ahhou~h in ""'"Y <"'"' rc),,lion>hip• be\"'""" lile 
nc..- <nlily oc\ and 1h~ ui•tin¡: ~nlily "'" ar~ •"ab­
li•hed immedi•lcly ( .. e lhe """ upcra1ion). 

(6) Add <' ~<H' rri<IIÍ~~•hfp U/ 

Wc may add a,..,. !el.tiun>hip ><1 fur !he ncw cnlily 
se\ •u eh •• th~ rcl•tiun•hip ><1 PROLSlJPP in Fi&un: 
9b. w~ may olso add a """' r<lauon•hip oc\ for 
uiuin~ ~nlity ,.., $uch o> lhc rdaliun>hip '"' 
PROLMANAGEII. in Fi;urc 9b. 

(71 !Hinr ~" rmit)" JU 
Fot in<lanc~. af¡er dcklin¡ lh~ enlily ,., EMP ia 
Ficure 9b, wc b.-ave Ficute 'k. The cunsc~u<ncn are: 
(i) thc relotiunohip ><11 tcl41Cd 1<> lhc ~ntity se\ .,.. 
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ol1o0 ddcted; iii) anrit...tes rclated ro Lhc dcleted 
cntity <el and rcla!<d rel~lion>h.ip Klo OI'C &hu de­
kted. 

{8) /k/rrr" niDIIoitrMp Jtl 
An uamph: is: dclttc the rclat....,o.hip >el PRCll_EMP 

in fí¡uil' 9b, and thc rcoolt io '"""'" in Fi~urc 9d. 

The """"'"""""" uf Lhio upcnnion io th.at thc ouri­
butco oC the «'lation>hir• are <kletr;d (oot ohown in 
Fi¡:ure 9d). 

Auumc !ha! lhe cntiLin in thc nuity Kl EMP ll.>vc two 
&LiribuLH, LEGALNAME JnJ PIIONE. "hich mop the 
cntiticoto thc wah•c scll NA~110 allll PHONE.._# (.ce F1~ure 

Ulil. Wc .tuon uoc lhelt aurihlt"' ar>d •~'"" '"" •• 1hc 
ba<io fot !he dtscu .. ion olthc f,>llowinJI operJLiono: 

( 1) Add ~ , . .,¡,.r orr 
For cumple, • n<w volut oe1 collcd DOLI..ARS II\IY 
be addc<i lo F1surc lOa. Thc rnull;. ohown in Fi¡:urc 
IOb. U•ually, thio ~p<ro~liun is follo .. cd by on ··a~d 
aUrib<llc .. opcr o~tóun. 

<2J l'h.'l~lt u ''"l"r ur 
Aftcr ddetin¡: tht ,,¡..., '<'1 PUONE...I U. fi¡:ur( IDa, 

v.·c s~• J.l~ure 10.:. Th< '"""'Q"""'" ¡, thot ~u 
onribut,-. a"oci~••"' "i1h thís ... lue ~~ .,..111 be de· 
l<ted. 

111 l¡ohr~ ,.,¡.,, rrtmt""''."'/, .. ~.,,. 
)l., ' .t .. , "' ',, 'll \ "' 1 .,., .. , [0. ,., .• , t... 

' • '· ', : '. ' " 1 ' "" 1 

LAST_NAMES in fípro 1ru. The '""""quefi<.O i• 
thol •nributco reWtoJ t<l ""'vol U< ><1 moy llave'" be 
adjusted. Ahh....P, t~ .. un'bute LEGALNAME io 
n<>l oplit in Fi¡:ure tru. it ís P"'•ibk tu •plit it intu 
IWO atctibutn: LEGALflRST_NAMIO and LE­
GALLAST_NAME. lt ¡, thc '"'l"'n,ihilily uf the 
onterprll.e <Mlmini.,Mur tu nukethi• d«i...-,,on. 

(4) M~ttf! ur·au/ ,.,¡.,,. •rts In"'".,,¡.,,"' 
Thi• ... th" u¡opo>.;le .,.,...~liun ..r m. 

Ul A.JJ un .mnltwr 
For in•tance. Fi~uro llh ¡, uhl"inc<l hy .oJJinJ ll>o 
ollril>ule OTH ER..NAM E to fí~ure 1 t.. 

(6) D.·/Nr "" ""'iiM~ 
Ocletin¡: 111<- aurihute LEGALNAME rr~m fí~ure 
IJa, we hove Focure IIc. The >,olue "'1 "''""i.ned 
witb lile ollribu<e will he ddeted by :u1<>1her "P.:<Oli<>R 
("delete •alue ~1") if de•ired. In >Ome •••••· the 
val~ ><1 may he still "'""'ioted .,.;lh 01hor ~nributa 
(><e Fitun= llc). 

(7) Splil an 111tribmr in/o l<>'rmlattrib~u• 
F"' uamplr, Fi~un= lid i• obtained l>y sp!iuins th< 
auributc PHONE in Fi~ure 1/a into twu auribut<>, 
OFFlCE..PHONE and HOMILPHONE. 

(r! Mu!lr sro•rrnl arrribol/.-s ;,¡.,~M mr,;hul<' 
Thi• is thc oppasite OP'""'""' ..r (1). The aurihutn 
ha~e lo be d<foned on thc >om< cntity •<ll<>r re!ation· 
!hip 101). 

Oputllians ~fk'tCir '""' nmupt~al do>nouiru 

Auume thattl>e~ are ,.,..., enti1y ,¡c(S (HIP and PROJ), 
one n=lauonship ""' tPROLEt.IPI. four voluc w:ts 
(NAMES..OFJ'LACES, SOC..SEC..f, PHONE...f, lllld 

""'· ·-
'" "' 
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PROLNAMES), and four anributCJ (ADORES$, 
SOC...SEc....NO, PHONE, and NAMI!l u shown in Fi¡u~ 
12o. We <han u.., ckm .. !he ba>it fot Lbe di>cunion on 
1he followin¡ oporalÍotlt: 

1 1) Slri/1 o ''"lu~ MI from t!r~ loK-rt mn<tPIIIol domoin /Q 

1hr up(Ht <ulf< rpruul Jammo 
Whcn !he enterpri .. environ.,..nl thon¡fl, it may 
h«wnr 1'13lilral lo vio"' PLACE! .. on enlity .. , 
in•l<ad of a ""'"" ~t. Tban, io Fl"''" llb ''Al). 
ORESS" ~wme-; " rclotÍilnlhip oel, and ''PLACE'' 
hao an atuihute •· NAM E" "'hil:h p.>in10 lo !he valuc 
><1 NAMES...OFJ'I.ACES. SiftCe PLACE io on entity 
"''· we may •'<ahli.JI ~"' r<l:uioo"'ipo ol il ,..¡¡¡, 
uch<r entily -.:1> ,uch "' PROJ "'";><JJ mnre omil>lltco 
and value "''' h> de...;ril>o p<op<ni .. oC "pl:w; .. :' 

1~1 Shift un rntin· >rlfmm thr upp-. mll< rptunl J.,muilf 
,;, tht ,,.. . ., ;.,..,, ~l'•~ul JumaU. 
Whon lhc cn\orpri"' cn•irunmonl cha"'<l ~~~~in, il 
'""Y bccu,.. n.uur..:J lo .;..,. PROJ os a •~LliC Kl 
in'l~o><l oi an <ntity '"'· In Fi&u~ l!c, PROJ i> 
ddclcd f,.•m 11>< urpcr cor-.;;cptll:!l doouln. ~nd thc 
rclalinn,hip ,.¡ PROLEMP bccume• 1hc ollrih<rl< 
INVOLYHl.PROJ. Tht cntily .. t PROJ la Fi;urc 
l~h m.r.y h:wc becn ~<"<OCialcd -..ith "''"'"' •~luc 
ocio, bu¡ urdy thc nlue "'" PROJ..NAMES whkh i1 
u...-d tu iJcmify u .. cnlili<> PROJ rcm>inl ia lile 
LOwcr cunccrlual dumain. 

' 

ANAL YSIS OF AN EXAMPLE 

In • recen\ popcr, Bachm.on" "'"' d.ol>-<lnaclure dia­
J<am> \O illu\l.-.1< lile eh""'"' in a conC<ptuo.l >ehcma. ID 
thi> .. ctirJ.n. -..0 ,h.lllllnl ''"'" hi• cumple: ond thcn UI.C E­
R dia¡ramo 10 intcrprct hi> C>amplc . 

Tllo: follo-..ins i> a >implif~<d •cr.ion el B:lcbnu.n's uam­
ple: 

(a} In \he bc¡inning. \he cnrcrpri>e ndminim~tor de· 
cland a con<:cptuol ochcma u '""'"'" in ~lprc llo. 
Tbc rcadcr is aS\umcd \U ha•c >OmC ~nowlcd¡c ol 
lht d:.ta->lnaclurc dia~om.' Simply >pcakin¡, a <«· 
langul:lr-sh;tpcd b<r• tcpr<>CRI> o rcoor<ltypc, all<l aa 
""'"'' rcprc>cnu a dala·>tnrclurc--KI Li.c., 1: n rcla· 
rion>hip bc1wccn rcconJ rypc>l. In Fi,ur. lla. lhcrc 
are l"-'0 typc> of conceptual t«OnJ>, COMPANY and 
PERSON, and a d•<a-<lrucl~rc--KI "a" <<prt· 
ICR\in¡ lile f;><l thal cach pcrwn ;, a•">eiotcd ,.¡¡~ 

u:u;tly onc company and olla! Ca<h cnmpxry h.o1 • 
Kl of pc~>onncl. 

Lb) Laocr. lhc cntcrpri"' odminiSirotur roco¡;niud lh•l 
thc pcf\onn<l of rhc comp¡¡ny "'«< pcroon• io ohcir 
OWn ri;ttt. Tbi• bcl may boo di>co•crcd O! U>t m<1¡;cr 

"'""<0·'"'" 
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o( senn.l c.>mparún 111&1 """"' o( !he ~noas hdd 
IWO jobo. ar>d wcrc ~rwn""l to lwo of !be mcrgtd 
compul ... F¡;uro llb illumatc• tbe d:Uo·mucturo 
diasrom for thc ncw conceptual ..:l>emo. Baskall~, 
U.. old pcrsontl<llypc record has bccn oplil into IWO 
=ord t~pcs, PERSONNEL and PERSON. Thc 
''PERSON" hu auributes NAME ao>4 ADDRESS 
(not """"'" in Lhc r.,urcl. 

(e) After a •hile. !be cntcr¡>rise odminimator decidcd 10 
faCIDf !be addre., of tc>ide~>ec out of the pcrson 
record. Fi,urc lk illustnlln thc addition of tho 
"PLACE" cDfiCcpLua.l record ~ypc and tbc dala• 
Uructurc-.. tlype "c." 11 was ol50 auumcd lh.>t eacb 
pen.oQ hu 1 uniquc ;od.drno (place). 

(d) h is now roc~niz.cd lh·'' pcoplc mo•c frum pl:.c:c to 
place alld tll:.t il is d«ir.obk to how curren! oddrcu 
as "'di"' past <><ldrc•..,•· Anolhcr '""'"" m¡¡y be: il 
ls discovcrcd th~t a person ""'Y ha~c more than one 
adduoL In eitber ~, a r>OW co....,cpt~>.'ll rc~ord type 
ADDRESS i1 a<lded lO W conceptual Kbcma (ou 

• F'~~:u .. Ud). 

)Q thc rollii'Wint. wc shaR u <e E·R diagr.unsto upbin lhc 
•""·~ ..... ,., 

• •1 11-< t w ·····!"·''" '" 1"•1''"" 1'· "'"''''1"''"1 "• '" ... '"" ,., ' "• "'·'· ,, 

l"'O typu olclllilios, PERSON ~nd COMPANY. in 
thc cntcr;>ri .. •icw. Sii>Cc 111.: m.orri'"'l t>otwcon 
COMPANY ahll P.ERSON i• 1 :n. tltc rct:,ti<>n•hip s<l 
PERSONNEL i1 f<J""Knlcd hy a d.lla·<lnt<:llorc·>CI 
"a" in ~ifu'" Ua. 

lb) Fitu'" l~h i:o tbc to<R•P<•I'IIIinf E·R diJFr•m rur 
Figure l.lb. Sino:c lhc rcl~t~>n•hir ""' I'ERSONNI:L 
io an m: n mapping. it ;, rcp"'''"" J by a rcl.otion,hip 
rcc,,rd IYP" Pf.RSONNEL •1>11 '"" dal.<·>lrU.:Iu«· 
.. ¡, ''a" aDII "b" in Fi~urc Ll~. Note th.n Fi~ul<> 

l4a and 141> lla~c lhc "'me cnlil~ "'" and r.·t..t~>fl. 
ohip oct in 111< UpPCf cun.;,•ptual dum.1in, Jnd thc 
diffcrc""c islho: 'YP" ol m..ppin¡ l><t"«n tite cnlily ..... 

(ti No"' thc cnterpri .. admini•tr.llor prdcro 1<> vi<" 
"PLACE" p •n cnlily >Cl ratltcr 1"-'n a valuc wl. 
Thu> . ..-e h:tvc Fi;un: '""· ~ a\lnbulc AD!lKESS 
in Flgun: l~h l>ccom<> a rclation•hip ''" in FiJ<>I<' 
l4c. Sincc thc moppint: b<t,.ccn PLACE and PER· 
SON is l:n,thc rclotiun>hir 'd ADDRESS ;, reprc· 
ocntcd by thc data·>tructurc·>Cl "<"in Figur~ lJ.c, 

(~) Thc cnl<rprioc admini•lr~lor di,co•<r> thal !he nup­
pin¡ Mtwcca PLACE and PERSON ;, an m:n nup­
ria& inu~:.d or • 1 :a moppi"'l. ~ """' cntcrpri>C 
vicw ¡, rcprc•nted by Fi.¡:ure 14cl. SOocc thc marrin~ 
;, m: n, 1hc rcla!ion>hip "'' A DDRESS ;, rtprc•cntod 
by !he record typc ADDRESS aruJ two d.lla WUC· 
lu.--.·KU "d" and "c." NOLC Lh>l F.gurc5 1._, and !4cl 
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are almort tM urnc ucepi th:lt tbe IYP<' ur mappiaa 
bctwecn PLACE and PER$0N lt ditr~rcat. 

In -ral. \be E·R dia¡!r.Lfll lo ,....icr lo ""' 1U analyu tbe 
""-'"¡;el in 1hr ernerprioc ~icw th:lll thr data·o1ru<LPrc 
di;,~ram. Dachman al•o rai;cd •be iuuc of thc ambiguity In 
Fi~urc l.ld: Ir on< wanto Lo mochf)' a pcr..,n's addrcu, 
doe; he havo lo ctu\c a new ''l><ldrcu" rccwd ur tu • 
cha~ thc """'" of thr place wl>cre tl>e f>C'"'" ¡,·¡¡~in¡1 
Thi< qu,..¡ÍOfl con bc el>ily ano,.crcd u.in1 !he E·R apo 
Proach. Cn"'ick' l'ifun: l-Id, Sine:< tl>e PU.CE is "" entity 
~·1. to oh.:.nrc a P''"""'' addreu io to ohan¡:e the relatio,.. 
•hip l>ct,..ccn thr porr.on ~nd "hi1 pbcc," We shauld IWI 
chan¡:e Lhc n;mc ~r !he pl:><:e ,.¡,ere lile P"""" io 1ivin1 
o(nc'e "NAME" 11nd "NAMES..OFJ't.ACES" are uocd lo 
d.,.cribe a propcny of lbe Pt.ACE cntltie• ( .. e Fi'ure 
.~, 

SUMMARY 

Thc cnlcrpri•e ocho""' is useful 11 an lntcrmcdialc stop in 
dolaba .. duig.n. In lhlo papor, wc h .. < sho""" bow tu uoe 
lhe cntily·tolation<llip model arwl di"lll'<ltnmatic: lcchnlquc 
hl d..,cribc lhc cntcrprisc schclnll. Sincc thc cntclpriK 
cnvirunmcnl cba~~&<• from ti..,. ¡u LitN:, thc cnlcf]>rile 
selle""' wm bavc lo ch.:onrc to rcflcc1 throc chan¡es. Five 

• basic !)'pea uf 01'C"'tiono (add, clclct:, oplit, ""'~· and 

1 

ohif\1 wbich are usdullA modifyin¡ ll>t cntcrprioc scbcDif. 
ha ve bccn prcscntcd, aod !be con .. qucncn cfd1eoc o,..,_. 
tiofto lu.vc bc<1l diocuucd. Fin:ally, "'" lu.ve uscd U 
cumple ID a,..lyu U.. dlfTcrc:IICco b<:l"'e<ft \he cnlil)h 
rclation>hip a~pro:~eh ..,d thc nct,..ork appr<>:tt:h in m<Jdd.. 
ina lho entcrprioc vicw uf dota. 
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INFOLOGICAL MODELS AND INFORMATION USER \'IEWS 

• 
IIWE lJ.>o:;ll'OlS 

u~ "'Stotk!iob. llo:;ton.ol<ot <f ........... , ... !"'""""'""' ~"ro<. • ..., 
fo<k, S.IIMS Sl<><lld"'- 5~<<1<1 

(~ 1! Joou, 1979; O. miJUJ""" IJON lffl) 

AWn<l-Th: olooly ol dllo '"""'' " in!or11111""' <!'11<ot> ""' iole IO<V< lho ..... ol <bl> "npr<v...,o- ol 
óafor....,;,., io U.. ..,.,. ol he• ltk< •'- .. .,.. olio:< ol U.. "«<oS Thio inJom.oooo >)".ltm-.n--or '"fokoo'o<al 
vi<~_,.,,¡. il <i<>r th•l oh< ~'" olon< """"' ""''f" ioloun>l"'"- Th<)' ''" <>Oiy. o1 btll, ~i1< ri<t lo iolor'"""" 
;, 111< lliAob d ~ ,,.¡ onlr io. ' '- p«plr ~~~o 11o10 , .....- ¡,_.,.-.m.,,.,, or .... w •••· or 
'"mri>ioc _,.,..., ÍO <lleio ooiod n..., lh< oolo\o:<"ol P<l'f'Kl"' 11>4 Lo bt wód<o«< >O«r»i•dy lr<'M o 
"""'"" lll<f<ly •Oio inlor""''i"n "~"'"'~~'''""· """'";.,, .. d npJoo><ioo 10 tbt >tooly ot ....... ,,,.,¡,. 
p1~ol ood ""'io-bfiCUi>l~al "P"" ood ol "ob¡r<l oyu,.,•, jo!> olt>ip 1<14 OO!orr ........ r<h.O:ol ;,,,.., 

n.. ...-......, ,..,.. ~ <"'f''oftd ..-Nirlr in"""' 4>1> bow ""'L Tht "" ot lhf ''"" -...., •i<w" '"""'' 
tu<h '" "iololosi<>r l't'-''"· H'"'""· o <lo.tr loo~ 11 llowth< """' ¡, -'<<••olly •'<>~ "'"""'"o moch ""'" 
dtlirnil«< ""'"''"""" •l!i::h r .... ,.., oo """''"""~ ,.,....., 011o1 p«>o:<•"'-- TM ¡, w,... upli<11,'" 
...... ol<pec, by,.....,.. ror-ioo .,,... .;.,. or '"' do<o" '"""''"''· ror ""'"'>«· · • ..,....,. <>1 lbo •otld""". 

lo Uó> p>l"' o !>riel ouldy ~ '"'"" ol 11>< '""" "!>«" ol "'" .~ ... . 
(ij lbo i..¡ol.,.nii«M«¡>j..J 011«1. whio:h ;. '""'"'..,.¡ ,.;o~ ..... <OO<eplioo f<laleo 10 tw o..4 ioforllll-

oodiO¡<Úiy .... 

(li) lbo "tlillo/tJfó<lf" "'1'<"• ..-hio:h " IOn<<mcd """ lb< Ml<clion of ~lb /10., 0 <i>to bol< >fl4 ll>< 
...,.,..,..,.,. of 11><10 10 ,.,;1 o "ow ,~,.· ol IN "'" 111 .... ftooo 1bc opcM~~:>Iioo PI-~ 

n.. lololosi<al ...... "~ IN...p • 4 ............ - ol ... -- ....... "'"'" •hio:l ... "'" 
~ _...... Th< do!Jlo¡~al 11p«1 ~ '""'plilitd ~1 lOm< qool.mo"' ¡,.... lbo me~ """1 0.1.1 ,,. 
~"'"""'· " nn "by ..,. .. ~~~ '"'1" o/ mr ,,. .. n..en.-.... .;...· ¡, lr<qll«<llr .-..dio lbc 4oo»or<ll~<ut •boru•'"' io!oloP:>Iot ial.....,1;......y,,..,. 
-""" ~lldin oll<o !lo" "'~""'d q""""" llul ¡,¡,. lo do o.lliO.e inlolcsocoUcooc•piPll Up«h ol """"" 
.;.....,·, '"""""' <mployi,. '"",., ... Jo ,¡,,.-...,."JI<',. o/"" ptobl<'" of ;,.ro~o,;.:.u~tplool.,.. 
.~ .... "" tr,.,., ,.., , ,;,,. .. pio .,.,.w.J11111 o11oo-o - "P'«• or ..... ,,_, >«m•~~< o.,;p ,..., ... "' 
10l01mOtioo '"""" •od .U.. ..... ,. fnolln'-• oro l>l.<n l!om lh< itllhO!"> •• n "rl'" ""''· lot lh<<t """'" 
m tll<y ,..,. '""" onilr ""'"""· 101 lll<r ore dii«Ur """""d ..,h o!w .,....,., "Nnd • ...r liiil 1"'' """ 
<Uiiu ......, ,.,.,l<noll..., .. ,n.r ww\1 ood o,.., 01<1111. 101 lh<""""" ol lll< P« .. ,. d'i><l•nioa. 10 lotioJII><• ....... 

INfOO.W.TIOi'< l"l"~ TlfiDIV oiS Th'EOIVI 01 
~DO!A~CONCUfl 

J. \radilionaJ dala prO<:eSSiftl on infotNiion i<em i> 
UlltiJiy 111Umed lObo 1 nlll!lb<t ~o~hich ¡,lo lpptll •11 
ccrtain pan or oa appiÓC>lioo pro¡t>..o~. Ho-.eoet • ..,¡,. 
lolin1 on lo srud~ lhe problem of how 10 <l<<i¡n dm 
p!oceo>iftl '"'"' anolbet penpoc6><. •• o fwociiDII 
.,.;lhin In inlolltlllion oy.,cm IS fl..an¡don 11·111 il ""'' 
lound !Mt il ;, "'"'"'W)' 1<1 l<lol do1<t into how dala 
eon ptO•Í<I< i:olotmaoioco 10 peOf'le ond lo orpni .. lion .. 
11 boc,.., immodiolely ob.iouotMI i1 dilo ••• -.hat "~ 
P<OC<>~<d by co<aputen (ot Olha mtlftO) th<D th< ;.,.. 
IOtm.3tion which p<ople re1 hom lh< dota;, ••m<lhi"' 
dillinct from lh< dala. lf clw Dlllf oid poo~e in Nlilll 
d«ioioao ot petfotmiftl 11<1iom.rhio must roan lhallhe 
doto inform people in lh< ,.~,. ol mokin; l<lm<lhiftl 
k"""'" lo lh<m. 11 io tbr lhea lhll 11>< doto muu 
"P' .. <nl «>mclhinc !ha! con 1!10 be· ••rre.,<d by 
~~~"!! .l.onc..,.. Cleuly th<n. in !hit ,......__..,.,¡¡,,, 
~<OI<n;" ol n:olunJ ~ ¡., ,.,n ., oroUn .. 
l«orded •••.!!'.!)<..!.' o/ ony ~indl are aloo doLO, lhol io. 
!hoy on: "" ol >itno repO".,.IIIÍIIfl l...,.,ltd;e or ; .. 
loun:otio&. 
• 11 ¡, int<t<olm, 1<1 nole tho: ponpeetivc odnl!Ced 
atoo..:~ oimibr 10 ideu lr<>lt<J by ph~OIOphen 11 ko!.l 

" 

•• fot ba<l01 Aril.todc. ond ol<O. mote rc<enlly. b)·. e t. 
Russel. Wong<n<t<in. Corn.op ond Bor·Hillel. 11 look 
...... •Une. llcnotYCt. befot< lhciC id<l> ...... r<<OI'nil<d 
•• u~e/ol 10 th< undewandin~ ol dola P<O<:«>in¡ •Y•· 
temo. Al10. rc<cnl do•elopmen! in co¡niti•e P•h)<l>olofY 
and poy<f"oo!ifllUiUic•;, p•••idinc .... inoirlll> Olio tlú< 
>~<o IB~t·Hili<l41, CamopiS~ Piavll6~ Wiu~o­
>t<in[J]. Bow" and Andei<Onll1 Lyoo.o!91J. 

The per.p«tJV< of inlormotion oylltltl< lheo:y ond 
infolo,y uudieo hao bun oh:u to dni1n !he ri¡tu da11 
and d>.la oy>tetnl one "'" lo bo¡in wilh lho 'II"Uionl 
•l>oulthe inlorm>lion 01 kno-.le~~· lh>t lhe d•la are 1<1 
!tpr< .. OI. Thi< .......... lbiJ !he il\lotm.>ÚO• <Onl<OI of /he 
d.ot• in 1he ;y<rem ""' 10 bo defintd onol Je":.ibed in a 
""'Y !ha! ¡, índependcnl ol how the dall ""' lwldled in 
!ht s~Uem. The infotm>!ion Í> de...:ribed in termo olthe 
•i<wo ol lhe "'otld tlool lhe ínlorm•lion ~"" hold. 
Jnlonn:otioQ modeltiQJ. 11M. ;, ~otld a"IO<leUtOJ. O... 
co"'tqll<nct of lht dala "onder>enJont ""• de..:<iption jo 
lhot!l>i! d:Ua \y<l<m lfilt>, d•ta fu ... PI"V•m<l ""Y bo 
t<>IIIOClllfed w~houl !he !"1<<4 lor cboncn ol tho: ;,.. 
lorrrtalion •r><<ifi<•lioa 

ltoteDI 11>11 bo1< ... ork and .rructured·pro,t.o~~Uniftl 

'""O!l ¡,., \11<\"d th< impu!l•n« of d<•«ibin¡: tbe d•t.a 
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• 
lol' •. ~- ..,.¡ """' ....... - ..... " 

oerifJ ihf mdence. Tbuo ~ oddo LO out ,.;,. uf ~~ 
• ...W. b ......,, thttl lhol o IUI olri.., lloro O p011r ol 
cbl.o r..-.. ia otdo:r ro""'""' infom:~~ÍI'IIIIIOI only mu>~ 
h>V< .,.,.;..,, il "'"'' i>o•c a ll\lth .,.¡"" •1-il mud 
.. ..u o fxt :111<1 ""'uld bt l<fl_tdtd •• /abe if COifllradic· 
IÑ by fUl hct>. MOI'f ¡:enoRIIy, ~ ohould r-ruent 
k,.,...I.,Jp olltfll<m 1101e. 

11 •rP<., ,. ... tlw lb< qu<>~ioo .t.<thtt - 4:111 
.-.in•~y.U,fornmion io cilber r<laled 10 form>ll~tic ot 
.-k• •bclul 1 wio-.. of tht .. 'Orid. fllrtlltTmnrc, in lo;io: 
d.,,. ¡, t.Orntli,.... ....SO o di>1ioc1ion btl"'<tn 1 
Jtrlt!ralirt ><nlmcl (whioh ¡, inlc..sed 10 11.11< • raon 
..,.. th< prop<!lkioot "'llith Íl foo-m.W<d « «I'IU'""<d 
by tlw: '""'"""'· n.. p<Opo•ition ;. "lho <DtJÚIIV< con· 
t<ftl" of ihc Knloncc ar.j "llv rhoucbl ola lo<!" whi<:~ 
.,., or lllJ 1101 prc .. il. lt ;, d< ... -· •~..al U.. pro­
po<ilio>l ¡in the lo1kal ""'' of '""'"1 Íllho ht/o,.oli"" 
U> N COIIIH'/H by !he <tnlm<< ud tlw <tntcncc io 1 
....., oC data ll1.ed LO J<prnenl lh>1 inlor~n>IÍOll (Lile 

JlfOpo>ltlon). llowe•er. ,,.,, if a proJ>O•ition i< a 
paradipo ea.. o( ... iatocmllioo uail, •• ,.., found, ~ 
Nf 1101 br tlw: only kind. Concti.ubly, d.ll, mi~ht bt 
~~ to repruenl inforoutioa tha.l ;, an1 ol lh< clur'<'ul 
locitallilld ol o propolilioa. A ,;.,.. of lh< ~orld may be 
O(lm<lhin¡¡<h< lhan a propooilion. Thio we do nol pum,. 
hm:, wc ofll~ ..-anl lo make thr dedar11ioo 11111 llfll~ 

furlb<r otudy hal b«n dolo< oo thio ¡.,.,.,"'',.;u U><thr 
co,.,ept ol lo¡ical propooiti<>no mordy " lh< •impil•l 
ca .. of \nform.lioo unlto--41ul 1101 ote .. W~) 111< ooly 
po>lible lypo (l~nl<loroll, lj), for thi> r<l>On lh< l<rm 
• .,.,,. .... (moro roceolly ~ ... ,...,.) ror 1 pi<t< of 

i:IIOI'mlÍOII or k"""'-ltd&< .,.., chDI<11. Thc ''"" -­
pos~ioo.~ Wll '"'"., 1 special ca .. of an "i·m<1 .. ,.". 
Óoarty, !he q""lliot. of wllal U a piot< of W01ma1iooo 
would ""'" beca • lot mier i! """ >Ítnplifinl .,, .. ¡¡ 1<1 
jusi 1 "propc10ition". Thcn. oimply, ~ would hue hren 
poo.a.lo lo rdcr t.o lul.boob io rop:, Bot itti¡IO<T&IIl 
pnu:ticaJ JS detifn qlleoiK>no r.n ootoidt IU<h a nanow 
fr..,...ork "'we ha>e 10 be ....,. l<n<raJ, lnt pra<1ical 
.......... Ptshapo ir -'el hr hrun lo ""' ll'lt ter~~~ 
"propo•iiÍ<>rl" in<l<ad ol "mtmJ<" t..l lhon wirb a 
.., ..... ~~a~ ,...,.r;,..r .,.1,..,. B<ttu 11iu. pnha.., .... 
eould ux ·~prop<>litioa" 1<1 indiatc thi¡ ¡tnoralillliocl. 

s_., ;.¡orfflolillo .. ~ .......... 1411'> 
A .,..,.fl:, likc 1 propo1ition, m.oy be 1 compo•ition 

ol othrr mtl,.¡tl. And a•i<"' m.oy boa compo•tlion ol 
.;.,..., A .,.,..,., (or 1 propo•ilion) .. hich <aMO!' be 
decompo"d inlo .... ..-aJ .,.,,.re• ;, relorrod 10" ao 

•• elea>a~~arY ...,..,. r~ .. /1"'1<1 (or aa cle.,.ntoty JH'O' 
pooitlon-or "<+propooilion" -<Oipe<r"L><Iy). Cor· 
rt1j>OQ<)in,;ly • <U!& JtOUll (""'h u 1 .. ol<n<<l may 
rqwccrrl a cornpouflrl ....,..,. ;, "hic~ <a .. ir m:ry hr 
docompo•ed into rltmmtM) .,,., ...... (e·~en!cnc"J or 
•·•«<rrll.~· ........... <d ......... , ..... ;, doll 
"ll"ft<oiÚ\1 ao •. ..,.....,. b<<O<di"l 10 oome 'Y"' 
1»/ .. montX,o). Obvioo<Jy •• •·m""~" ;, ~ltrtdocibl•~ 
io tht .. n .. dncrihrd abo... • 

We ar< """'in a p<hÍIÍon ~~'" "' could "'Y l~ollo 
~,.¡ lhe i-J<tuminant,lhJI i>.lo ~<lrrminoth< >dJoloonal 
d••• 1"'"" ""'Jcd .- 1hc '"rrl<m<nl ot ••• ~'"" tcrm 

(or><h •• "IT'l in ord<r lo ftf'r<"nl a picce of rn· 
lorm:uioll.,... haw 110 i.Jtntil'y (,u ln,n an olt<n<lll.at) 

""""" r>f ""'""'1 b-. contoinin: lhc ~i•on lerm 
(~11"1. How .. ..-. chh "'""W r<quire "' ro ...,,. lh< 
«om¡ou~n ~ aad ;,...,....ri:q:. ":uural bnf\I"P' 
tull. Thi• "'"' ck•rlr improolicol in l'loM arod" •hll ;,, 
For iMunr;c, owut:>l ~ .. ;, hi¡!hly =loifuo""­
C<>n .. qll<fllly. 10 uu.1J olw one ~~eed1 lo ha>< "'m< 
f0fm.1l dala mod•l• aod information lll<'..lol• IN <·m<<• 
"'1'<' aflrl ..,ocordo (l.>np!on[ll~ Btcou-o of ll'lt el<>« 
,.r.ri~n.hi¡o "''"' .. " ~"""''~" oflrl ,:,m<nun rr,.. 
po<Íliono •• "'1! u l>olw«n <·=<>rJo ·nd eltm<nl.u~ 
... ,,..,.,,""' a>u1r1 ton 10 l"'oullosoi.. for h<lr- Thn 
""uld n<<d oom• caul;.,n. lhoo~h.l>trau~e il "'"' f,•unJ 
IIO(c""'Y not ro bt rcuri.tcd. olrcaJy by d<hir;.,, 10 
lo¡:icaJ ....... ..,f'llpropcN!ion•J only. Al"'· "«••>< u it 
n«coury lo handl< infPrm•li<>n about inl<'rm•!i.>n u 
nnnot llt<<pl 10 bo lod • ..r 'ro wilhir1 lh< ~~ of lln1 
ord<r ¡..,,¡ pr<diaote o::rkulu• ood hroau<t th< "'"' 
dimonoÍOrl i1 •'"' •ilnifi<>nt lo 1n !S lhi• i• Ol'l<'lh<r 
'""'"lO< u.U., 1 •lOor !ramo tNo lr.>d•liorul. f01mll 
lo¡;ic. In >pi le ol lht., "''m> y ofl<n find lhal formoll<'¡ic 
can u .. ruUy be employod io many •pocialoo .... 

El''"'"'""''""""' o• NtrordJ 
lle(O<C pt~~t<ediO: lel'o loo~ >1 ...,. lltr:mati>C >tft· 

l<nceo lormul><in¡ lho ,.,., ,.,.,.,,,, •• 1~• "nl<n<< 
propo,.,¡ on p. 18, ~~~~~ oolurn11. Tbio 1h0<11d NL< u clt>r 
lhal"'"" formal lt>Odclrr~~& "noe&d. 

11) ''Thttc ,.,.,¡, 17 piocn el article t¡po A lO< di•· 
~ .. -
(2) "Of Ulic:le /1. thcf• ar• 17 píecn oo haod" 
111 ·w. are ...... 1e11 ..;th 171'Í<C"~ 

We noticc thot 1he .. nttror:e {l) doarlr pruuppo•" ••m• 
ponkM/or oonl<lllin •dJi1ion 10 lho "¡oncrol oQnlut" 
01' "lr.>......,f·nfcnncc" rhal ¡,al-..&) o no<nül} l 

Fu>m formol loP< ono nuy hr kd 10 111< formal 
\tnl<nec. o.- formoda, 

(4) "Qty..,·Hand (A. 11)" 

In 14) Qty.on.Hlnd i1 auumtd ro be the pt<di<il< 
"quo.nt~y..,o·llond of 1 1podfi<d article 1ypo". Such 
lormulolioao &1 14) doiiOiappoar con>enient onou¡h lor 
lh< ¡etlfro! inl.;maiÍ"" oymm "'"·In addilion U.."'" 
of Ir<< •uUbln onrlqu.ar:mficn ol pr«<or '" lo,ic •PPUI 
unnoc.,wUy complu lO< many dolO :,,¡,n ,¡,uorion¡ 
(lho""' lhey ""' 10me1ir:nn hard "' •• oid¡. Al10. al 
"""'d oboYC, il wu nol lcll lO bt •• c<ptabl< lo be 
lOlal!y ton.lnoi"'J ro 111< "'" ol predic:>t< lo¡ic. Honc< 
lorrn&l lofi< .,.., nlh<T """ juu •• a «>urce ol '"" 
J<•liono f« 1 ¡on<ral inlormotion rnodel. h did nol 
appoar 10 hr lca.Lb!e w~bool """" r:n<>o;hlk•lion and 
arneodr:nenl Wcolor•[l]. 11 io "'"'lh l>l>licina. lunll<r· 
mo,.,lhal r:h< "" ol lh< <ammnn l<>rm o( prcd1<•" l<>ric 
lt•tomr:nl. • .. izo 1~1. <>lh for • r•nicul..t >tnl.ui><m.:o· 
l•, "'""prÍt>n lor '" h inJ., iJu.l r""'· ,., 



• 
n. """'"" or ,.,..,""', 

&. ... d Oft Olf<l""'nl' lii.< tbc>K lboOC ~ ..... CO~Iuded 
ll.alltdcn !1.llliha1 011 •-•up, ho., .. ., Ollw:rwist 
lormulal<d mu>l mol• k•o•,., one ..,y or !be alba: 

laJ Wbo1 obie<1oroni~Y ~ is lotendcd 10 Worm abo~~! 
(!l>c: MSubjecl" <ll lhe o-meo .... ) 

(b¡ lllbal ~ znüro bowo oboo:ll llw <nlily, !he 
elw'a<tuiuicum ¡wtlor propen~ pan) ot tht •• ,., .. ,. 

I<J A timo durin1 whi<h lhe Subjtcl hoiJ• thc charac-
l<ri>lic 

ldJ B<O.u" thc abo>< olal<<llot .,;,imum tonl<lll ola 
"'''"'~' j¡ i< imron•nlll\.0 lO ,.,¡~01 "'""' (idenHii<rl 
to ... n H'"''~ ¡.., lluJ othq mUYJ<I mar bo P<.,_ 
vidtd .. ...,b add informallon ·- thh .,.,..,.~ 

11 iJ \mportant to r«<piu !ha! M~ lhc a.pocto la),'tb¡, · 
ICI. (di .,.. OD&de kno"" Íl lefl !ot.Uy opon. ThU> lfl)' 
t·men.,e may bo Slrll<lurtd in many woyo u Ion, u 
lht lhret bulo l<f<rt!ICH (s..bj«< iüftttoet, Clool'llc· 
rtriJtiCMI Rtlnncr. and r .. r Rt(rrmcr) oro 
<•t•bh>hed. A sroup o( d•,. thlll m•Y be u ... d 10 mako 
~.o .. n ,¡,. •. ,.,_ 11 u t-rrcord or '" r·smltltU 
Ob>iovs.ly ""'"Y dil'!o,..JI1 ....., .. ,,.., "'"Y be o.ed 10 
repr<><nl an •·m•"•l"· R.,Oft: Tho ir.liiodual dala 
'"'"'' or ilcldt, thll 011kc up on NOCOrd ..,., bt p•u;, 
di• tino! pbcH io eh< "ph)'>kal d.ora """''"""· Whon""' 
~•ni lO romind on thi• fati th< 1<"" "e .. nlcy" n'I1Y bo 
U<td, fllh<r thu "o-record" O>onowina "cllll)'" f""" 
CODASYL). 

lf ono looko 11 ono of l!te <11mpJe l<nl<ru:., abo .. , 
"Ou>•'llii)"''O"hand or &~~ido cypc A is 17 pi..:n" it ..,., 
bo condudo!d lhll U.. ob,icct ~ ioformo aboUI ~ "&nielo 
1) pt A" 1nd lh< propcny or <hlrocleriocic ctut il ''''" 
ll>olll 1/w objec:l is "qiii.Diily ....... hand. l1 "*"'"· 
F1111h<rmore, lile,;,. llaled (ifnpli<iUy) io "1>0w". n. .. 
"' may 1poci/y, moro fwmaUy: 

{]) •·~·~~· ldtock q¡ 1 
Subjoct: Anici<-Typo, A; 
Ciunctuiotic: Quantitr-o~~oHaocl. 17 pi<cn; 
T' """' Prfltot; 

Tltb IIIIICIU!'e miY bt Pffl<llled ~~ nwl)' Olbcr 
WIYI pro>idod, ot cowse, lhat lb< fonn lliCd io 
m~dc kno .. ·n lhrou~h ..,.,, oon of formll Olale­
m<nl. Somo 1110h lonno may be u""'"" bcto-.o, 
No. (l--4~ 

W Fwout: Tdeotiflcr. Subj«t lttforonu; Chanc-
lcriociculll kcfcrer>ec: 1'11110 Rtltr<r>ec;; 

.... 1: 
Articlc-Typo, A: Q.wllily-o.,.HI.IId, 17: r.,., 
Pnoelll.:; 

• 
O) Follmll: ldonfil\cl: Clura<ttriolic:um-Typo ISubject 

Rd<r<n<<, Ti"" kcl<r<ncc, Vlll11<~ 
•• 1: 
Qu.oniÍI)·On·H>nd IAr!icle·T)'IIC, A; Ti..,., 
Pr<•rnl: 11 """"). 

(41 Formal: ldo!atilicr: C!ur:octcri<tir:um-Typo (Obj«t 
a..._ r ..... rypc¡ 
(((lbj-id); (T'""'·Valoe): <QoJ•ntily)J: ...... , 

Quwii,-H.,.¡ (Articlo·Typo, r.,., Vil"'J lA. 
Pmcot,17pioca~ .. -

.· . . 
le 11111 br ...u.! tbli ...:h of lht.a.:.~.o¡e-r<Pr<'""' 

ttliono lor .....,...,,.¡ l""cnled at:.>"' .,, in • '"""' 
bo!h eomp/et< .,.¡ 111inirnatl. n..~ "'' '"ini111>1 lOO' liT<· 
duc:iblcJ"' !he .. ~ .. thal ir a.oy of lhc l<tm• i> d<l<l<d 
¡htncc ipw:lrioa lht ••!.O<ialcd rd01onc< 0< kno~lcJ~cl 
thcn !hal whi<• , .. ,.; .. doe• 1>01 pro>i<lo inform,bon. 
Tht rudu ohoulil Yerily tbi> lor him"'ll. 1~ 011r ~ 
cul>t illumui,. cuc thio ..,.,., !ha! no lo~iral po-o­
po>ition ;, "P"""Itd wh<n onr oinll• tcrm ¡, d<lc!<d. 
Tht ....,_.,.. .,. ,_,...._ oach ol lhtm, ;, lile """' 
Chal U.oy mokt lno"n oom<thioa !ha! moy be '""' or 
f•l« •nd th.a! U...;, 1 ¡¡ropolilioa. for in>l~~~<< il lhc 
IK! i1 111>1 a1 Jlfn<Dt thcn: uo 11 pi«n ia ia><IMfJ. ot1 
OJ!klo l)p< A. Lhco lhc ¡¡ropooiliOII i¡/o!IC. We may th0. 
IIY Lhal any ol !he III<>...,C repro .. nt&tiooo •~• (1,1, 
l or 11 do!!nn 1 eompkLc .,¡nimwo "'~'~'~""'"' lo lh< 
oinJ!e le"" ''IT' ond. lhl>l, makto known lht illlorm•tioo 
wltich "17" lllto pan la. ln olhtr 10ord1, 0111 of Lbe 
, . .,.,Al< '"""'"''LX>m obo•• .s.aon"" Hlo1<rminool 
of Lbe "'"' "lT'. 

h loUo,.., /rom elle di,.;.,.,.;,n dl&l ooy of rh. abo>• 
c-.'"P ropf'Uinlal-_. (01 priOCed) tu be IOJUded 
u on o-<ocord for tho "'""''"1" '"' 1. Any ulhor poup of 
d,ota whieh '"" bo forrnalb IIIOppod int.o ODY ,.,..,..,. 
r<P<U<OIItioo for uzo L III-IY be used u u t-<otry for 
i<pr<ICOI&Iioo of <m 1 in o d.ota '''"'" (pro•idtd !he 
lll>ppin¡ 1"0<«1= ¡, ddlned). 

The ,.,.._ ..-p-,..ntlliooo N11. (1~ abo,., tw o 
for111 ""hich hu .. .,...,.d fhe variablo l<rmo " lile 
"•al,.. 111¡11<" for "ruple" lor sbon): CA. P1<1<0l. 17 
piccn~ ft b occa tbol ooy ._....,. (lDd <-<=rd) 
com>iflla relallon insta.nco a o propor pan. Tltu1 111y 
''"'"'"&f t)'p: .S.ftnn 1 (tUl& but) relllloa forq n1uo 
""""'""' ~ .. bon dooso~ .. - --· . 

m~at~t~~>ao "'_, Nric""""" 
lllfolr>P=alltlldie• nlllor olu¡e n•rnbcr of cnncepts, 

111 "''"'' of analyzina !h< eonc:<pll of informo!ion into 
!hc aopo<\0' ''""""Laliooo, <onr:cpdon, ond r<il•y ...:1 
into lhe cypc .,.¡ inuanc. 1<><11 a. .. -.a ., in1o dil.!~ 
le.elo of owop.tion ond do~nilion. A» !!te 101ullina 
«<n<ef'l• ~ .. beoo fO<IIId ~~«towy. Tlt,y "'' lr<~led 
"JÓ"'ittr. almoot ""' by """· io tht 'l'''"'"Lir: ;,. 
formotion on>lyoil. Tltey <all foro """"l>OnoJinl. ,.,,. -
nurnbtr of ,., .... Of cour ... Uúo reql>iroo ..,:,..-Obl 
o!!ort ¡,... tht lftOl)'>l beh,.. ht tan ...,l• ~" of thé 
tono:epLo, •• tht «oder ,.,n h~>< noli«d. Th~ i> 1. 
t<lltct.., o1 Lbc c""'plcoity of 111< rn>b'<111 of ia!Ct­
rnod<!lin;. To kttp do" n lb< nvmber of onlirolr di•Ma 
tormo o oyoJem•Lic 1<! of profio<> h" beon ioltodor;ed.lt 
m> y be uwful 10 ill••lr•k 1be emplo¡"""' of lht !<1111• 
by.,..,.. olan u>mpk, "•• ai.J lo 1ht u .. ,., tompn:· 
h<O>iun ul 10< iolui,J~J<,IIromo ol rd<ron.·e <mplu¡ed 

"'"· 



lofoloP<al-1• alld w.,...,...,....,. rirft 
• " 

1lt< uld·lll"'--~ 
NI; 1bc cualumtr C Oflkfed l piotn o! >nicle A 

toobr~ ..,y bo i.uorpr<lcd •• rop<neDIÍ"'l • •••Hilo 
nflll «(XI.. !ilbal Íi "'111< ><lll<fl« Wl onay bo ui4 
10 con.ey a rita: ol inlor...,lion whido is lhe ho .. led;e 
althio foc:l. Th< 1•<1, in lhi• <>><. io1n'e•rn1 in 11>< , .. ¡ 
• ..-Id. lb< pi<ce of inforNii<>n Íi rdc=d lo> u 1 

.. ,..,., (ln lhis opecific <a><~ is 1 proptwlitM in 11>< 
,..,. o! lo~icall<alo.l A 11N:!Ur< of dala 1h>l may be 

.-o...! 10 ttf'"""' 1 ""''~;,. 1 TmHL Tl>o ~ 
-l.olll""''"' ><lll<nc< M l i• lhuo ' record. by d<finuion. Tht 

l<!m< 10<1>1d and ><nl<n<< ""'Y· in fati. be uoed inl<r• 
1tun¡: .. bly, 10 1 COOit<IUUtc Of lb< d<finilioll. Tl>t 
.. nl<n<< MI mar now be reprded u "r<f<rrin& <o"""' 
r><nl in realily n ..-oll " to 11>< inlormat10n. In olh<r 
.. ordo. MI ,.¡.., 10 lhc hn IJnlily) and 10 lh< ""'""' 
¡inlorm&liof>Hu wcll.,lo lh< ><nl<n<<l. Any me,.a;< 
,.., be r<pr<,.nlcd by .. ,.,¡¡ distincl """"'"' or -·· Tht inlooded """o! lb< rtcOrd MI mayconcei•e ollh< 
fo<L informcd ¡boul 111 compo<ilion ollwo '""" whicll 
""' bo rderr<d lo by lbc In ><otit~tn: 

M2. Tht cudomor C Grllered ankl< A IOday. 
l.ll. lb< qw.nlily cnSuoo:l in lh< .. ,ni MI ... ~ 

Th<o 11>< fati;, acombincd lac! ora eoruo/idoltd foei. 
Th< «-n"P'""''"' .,.,..,. and "mence io lhen al"' 
roprdod n a <<>mpOJinJ mm•r• aolll a NMJoUdaud 
trcord..roop«liv<lr. lllhe II>Cfo do..,. r<prd 11>< loe~• 
repr.,<nled by tire ><nl<nt<l Mland Ml •• <ompound 
fatiS, '"""' lado are reprdtd n <I<""'"'"'Y· Then 111< 
.;.,,.res lfld lb: m:orch lar ''"''"""'¡ .,. ¡¡.., el<· 
m<nUry. Becau"' wo oftrn n«d thne ,r,,;"'l ''""'· 
'"""' abb.rc•ialiono wm inuod,.,.d. Thuo the pr<fil 
.... ¡, u,.d lo india!< "el<m<ftlll)"* lfld "c." io ,..d 10 
Í<ldial< "comp01.1nd" 01 ~<O<IIOIÍdaied". Thuo MI io 1 
t·u~lti!Ct for e·rlr~rdl u"'d lo 1<1"'"'"' a C•OltuOt< 
•bich ;. 1he """"'lto!t< ola c·focl. Th< "'""""" M2 
1nd Ml ll< t'"'"'"u' Lar N«<mfl) r<pr<\Cnlin~ <· 
mtnage1 oboui •·focu. The <·Jn<IUJIC r<pt<~<nl<d by 

·· -lllc <·«ni<"'' M2 may bo ,.,.,d<d 11 informal"'" oboul 
~C.O,I<>""" e~. bw lrom onolher penpe<li•• il mn 
Ínol<ld be reprd<d •• inforoulion aboul "artide A" or. 
indeed, lb<>IU *iooby'" or about 111< "OIIP (Cu'"""'' C, 
Anide A,loday). Th< anal¡oio o! !1"' c·oenl<"'' Ml in•o 
lhe <·l.<nl<n<e> M2 ond Ml Wc ~ oleat Lhalthe part*l 
pioces" of 111< ~<nl<oce ~U inf..,. 1boul th< o.enl 
J<Pr<"'nl<d by 11>< "" of 111< oenlrnu !or r<pr<!<O!cd 
by lo!]) wher<., lh< Plll."ordor<d artide A tod.y" 
infar.,. aboul lho c.ou....., C. (Thio .....tyoio io, ol 
roune. "'"'"'!"!Y 1 L;ind of pani"l <>! lho nllural­
la"fuagc i<íÍIÓn<e l.) 

n.<·c·>enl<nce Ml reino 10 ~ou11010er C' u ~~ 
<ubj<<l ( ~ eiuity inlo:med abooll~ The p•~ "<U>1om<r C. 
h>d•y" i-<lclcrminoo lhe p..n "ord<r<d ar!icle A~. 11>a1 jo, 
~ ouln k""""" "'"'1 inforrn&lóoo lhe ch:lra<lerntic 
-«d<r<d anil:le A" btlonp to (ar panioipll"' in). 
Simil.üly, lhc e-.. nl<ntc Ml has "e.onl Ml" 01 ill 
""'iecL-plll<-tí""' ref<r<a<< ~od ., lhe i--detc,.inan~ ol 

lh< ~m.tio 
r>«eo". • 

When wc "'m to refrr bcoadly 1~ 1:-.uh ""'""'d' >nJ 
<·r«ard• we ae lbc pr<Ú "i.--. Th"' <·,.ni<"""'·« 
NO<orch, and c-<«ordo are <LIIII~Io. o! Í·r«o>fJ> '"' 
,.nl<nceo~ In cOMe<lion .,¡th the l<tm """1""''" ~ ¡, 
0<11 n«eoury 10 •"''''or th< P"d• •¡. •. An>~"' ~11. 
Ml, ond lo!) ""''""' 1 colle<1ion of i-mt>"-'1"' lar 
i·rropooirio,...J. MI. M!. and Ml "~"'"'"' 1 collt<t>en of 
i--mc>Uf<• lot ~pc..,......,.,L M l. M!. MI ~cr< l"'mcd 
ac<ordin, 10 L• '"""'' on 1he "''" of f~mMi.>o ~r 
n.otuc,oi I•~~P>~•· Q¡¡.¡,, rlll<> ~r (Qrmal;.,,, ~ cr< ""J in 

M la: (Cu.t.,...., C: 0.1<. D-. Orolet. Art><le, Al Qu•n· 
IÍI)-ordcred. ~ po:o·,; 
M~: !Cu<torntr. C: twc. DI Oroler. Artil:le. A:: 
MJ.: (E>Onl. M2a! Qlt.Onlily.()tdmd. ~ p<o:: 

Tht lonn1tion ,.¡, hne is •udt •• to nplil:~l) rell<c11be 
referencr •l""lure o! 10< i-m"'"""" lh< •U~Í<>I 
r<ftrence, follo .. ,J by lh< timt "'"'"''" •od Llh<nJ 111< 
IRf'<riY lor rei•IÍI>II'ollipl «f<r<"'<- lo :oJJdÓin, <he im· 
pon..nl Chal\!:< ~-., inuodUC<d lhJI lh< lim< ref<r<ne< 
"'" m><lo ob>OIU!<. Thi>. o!,.,.,.,.¡, n<«>=! """" 
lhe record• ar< Lobo ,,.,,d. Tht hrodm ait u ... J Lo> 

<nclo,. the plll .. hich provid<> blllh ••~i«l aod 1im< 
nlmnr:c. For u.;ompl<, M! onJ ~"• in•l>ll.ol< 1~0 
<-r<cord l)peo and .,.) ,¡.., bo "'" •• "P"""'''"'"' 
ol1wo <·m<"'l'< 1ypoe in•t•nc«. blllh o! "hich .,, 1h< 
'"'"'' pi<'< o! infoun>tioo. Thc , . .,.,,,, repre ... nlcJ 
b~ ~¡¡ or 1o12a i1 "" ;"""""' of •• "<l<m<nl.r¡ ..,. 
lorm•lion·\;Índ~ or NOIIC<pllin thi• <a>< on <lom<nlar) 
prcJicatel. Thi• c<onccpl ma~ bo do><n¡..,d ~) Lh< , . 
oon<qll.cll<raa: 1Cu01ornu. Oalt, Ordor • Aniclcl \>oc 

m.oy reprc""' lile , • .,..,,~, b¡ )<1 """'"" <·ac0rd 
formol "llich relltm lhe <-<<>••"P" 1 

M~: ((Cu•lom<:r, 1).¡1<) Order • Articl<l (¡;, Q, A¡;; 
1 

In lhio c·reud fornw 11>< <«>nr:<P' \CIIema 1ppean in 
fronl nf lflt -.aluo luplc" and •ll '""'"'"'" "'b<lon¡in1 
lo"' the e-<on<<P' may bo r<prC1tnlod b¡· 1 "'1 of ,,.b 
luple<, uch •IIJ>I• boi111 couplod 10 1he <-<on<cl'l 
.rl><ma. IHcre lh< linkarc hel>"'" <-<OnC<p" and rel•· 
!ion< ¡, >«R.) lo lhi> <on..,<ion il ,.¡JI be IIOIIC<d liul 
the t-.lclcr~t~ioalÍOfl of "ord<red llticle A" by "<U•Iom<r 
C. loday~. moniÍOn<d abo"· S'•« tÍ•< lo a lmulti-.luoJJ 
depe~y (f.i'J¡-~A. whero f.D.A .ore dom•i•• 
I<Kb 11>a1 CE f. DEi>, AEA. Th <-<OIIC<PI M!b h 
"'"lo ¡¡Í>t ri"' lo 1 4NF rel.tíon on ill ••IU< d~m..in<. 
Thi• io l¡·picll of «on<<pll- 11 "' inl•....ruct Lh< .d· 
ditio~ <-rtcardo 

Molo: (Cu.,omcr, C·, Dolo, D-. Oodcr. Anicle. A) Dd· 
Í><ry·Addrcol.. ,\d;: 

Mla: (Cu,lom<r, C: 0.1<, DJ Amount·Due, Am1:: -
... fiad 1ila1 )olla and MI• ho>e id<nlil'a( ••bi«< p..no 
and "'Ir••• Mb and Mla. Wo may lhu< con•iJer, Ju1in; 
lhc da" dcoi¡o, coni'>IÍ<J.dinE Ml• ,.¡¡h ~U. •od ~U. 
.. q MJa: 



" ··~ 
NI~: [C.,.¡....,.., C; Dale, D; Ordtr, Anic:k, A) 

QwonJ.ord, J: Dtliv, Addt, M:: 
• Ml·Sa: ICu\laoncl, C: Dlalc, DI O.dcr, Mide, A: 
A-·Dioo, A:ql;; 

" Nl-4: I[CIIUOinel, Dale, Order • An'oclc) Quanl.Qrd, 
O.li•-MdtJ lf;. Q. ~-S, Ad) 

MJ.Sb: (!Cu>~omer, Dato) Order • Artide, Amoonl· 

DIJeHC. O A. Ami~ 

Th_,e N<eard• Bi•e ri>< lo "t-<:onc<pl<" (Of tOll­

•oli~•l<~ i-toncopi•J •• de!.Cribed by lbt ldl IW'•,. 
ll••"''· By .S.firD1ioo o coii«Jioa of e·r«Otd• Cor e· 
""''d•l ¡, "" <·file lc-~1<1. providod thailbt Ntoord• or 
c.~e<ord• .,. olt!>o .. ,. lt,.. •nd. h<n<e. "'""'"''' witlo 
th< wno <-<-<pt 01 e-<:o<><ept, mfl«ti>dy. 

Tho e·r<'Ord M 1-lb i• o reprooenl>tion of a , • .,., .. ,. 
in•t•nc• of 11'1e c-.con<ci>l 

I[Cu\IQII'Itl, Date, Ordtr•Miclo) Qwn<.O.d, Otliv· 

AddrJ 

l[(u,zomcr, O.l<, Onkr • A nicle) Quan¡-Ord¡ 

'"' 
l{(,.loa>cr, 0.1~. Ordes • Article) Ddi•·Addt) 

lluuu1h con..,HdoLion on lbt rommoo ,ubie<L pa11 

HCusiOII>CI', Dale, Ordef • Article) 

Thi• cOniQiidotion Ji•n ri .. 10 1 joift 011 (C, D, Al of lhc 
c,.o ,,~.,.,.., ce, o. A.'' ud ce, o, A. M~ Simibtly a 
c-<ono<pl 

i• ob,ined lhrw~h cons<~líd>lion olthe IWO <-<Of>C<PII 
lu•in, !Ciblomor. 0..1<] •• lh<ÍI oubj«l pul~ Thc ._ 
><rlid.ite<l ¡.,. joinN 1upk•J !C.{). t.. J. Adl ""d 
1t;. {).A. Amll b<lon1 10 1~0 rdoliono 1h.ol11< •lill 4NF. 
Thio ¡, ponly d.,. lo 11•• la<liNol lb< «>noolidale<f 
HOIICqiU all h>w ideo!Í<ol >ubj<(-ll. found, if -
... llld. <.J. cc•noolidal< ott 1he t<O;.,opl• 01<nlioned 
al>o•c lbc rnuliÍ"' roi>IÍOO "'""Id 01111<""" bo IN F. 

1\l'll&l«"'"" fOI<oTUt ._,li.,..UóTlC I.O.CIOUND 

Pio<<> of infl>lm>.lion, i-m<•"'~''· "'" lm>wltdl" of 
p.¡.ili<ubr f.IC'IL Jhcy ml>il bt <011\lN<I<d f.u. 
rof<WIO:tl 10 lopeciO oftllt>o p;o:~itul.at factl, 01 WC 
lu>e "'"" Bullhi> could otll~ bt JOoliz<d if 11'1< r«<i>er 
of the mr ... m.nioo ha• •lr .. J¡· '"""' bo<~~·u•llll kno,.. 
kd~·- s.- •'1'«1• ot '"'' t..d~nd l ... ~l<d,. .,. 
prt-.<nltd btlow. PolfkMIMr infnr~n..~IÍOO .. d g<11m:l, 

¡w-roirlmt ~•<l~rounJ l.n..••lrJ~< •PP .. , •• lb< l~o 
b..oic ,·~mpo>n<nl> <•u.;'-'1 ro .u inform•liun ""· <U.,. 

"'""" ••••• .• nJ ""• ~""' '"'fll. 

n, urd ¡w • ,amm/ rr>ltl<~l "' rmr4•li<". ¡,,,.t¡:, .... J 
Wc ""'td lh:d ""f of lb< , • .,., .. ~, "~"'"'"'"'"''" 

101><>-oe could k rtpNrd .,. e_.. le Íll a """'- No~ "' 
"''"''" ... u IIIÍ> ""'" mor<-,;pecilic. l.ol'> do lhio lor 
lh< ''""""1' lo"""l No. tl). To rt<<i•• tbc , • .,.,u¡e 

. ~~. ~~~~ n ,;;.=;~~:~ '",~~~:~~~- '~: 
ÍIOI<, l'r<><nl: t7 pÍ««I) wc need lo hJ>< lh< Pf<'· 
kno..-ledgo o1 ~oh>! "Qo:.n•i•,..,..H••-J" me••• •• .. ,u 
u whal ;, """" by "Miel<-T )¡><". ~, ",._ ", b¡ "Tune". 
b1 "Pre .. nl"and by"17 po«<1". 1~ .,¡,~o¡ion "' "'"'''''" 
know !he meonin~ of "For ... r". "IJcnllli<!", '"Ch:or...:­
lcri•IÍ<u.,.Type", "Sirbjoct Rd.", "T1111< Rd." >nd 
"Val~><" fL>nJCfonfl, 1 l)l. 

h nuy ,.,,.. bt ''"" dul "comple!<n<<>" of ·~ e· 
me•u¡:o "~~''""'''ion;, l.il<n 10 hoM io lh< "'""' th..l ,,.,.. """órllf•• rdmo<a .,. m.le kM~ o 1lw could 
r>Ol bt koown btfotclo.ond. For ;""'"""· lhc p.r1i.:ul., 
l.oowlodl!c thallhi, , • ...,,.,., inform> oboul '"0u.rnloly· 
.,...H....r toUld 001 be 1.....-a ;. od>OIIC<. COOir.>r) 10 
lhi•. lh< ,, .. ,.¡ l>:o<l.l'fOUI!Il l.oo .. l«<¡:o of "ha! qu:.n­
llly-on-hafl<l "'""' c.n •nd mu>l bt k"""'" in od'lnc<. 
h;. "prc-kno"l<d¡:o" O«dcd lar lh< <OOIOIUIIÍC>!ÍOG..W 
lh< u .. ,. of th< ,.,.,..,.. 11 i> the ·u .. , ,;... " for 
whi<h lh< d•l> J<,i~n h0> lo be miÓ<. 

Thc '""'' of our Ji>C>I>.ioo"' fu Qn bt <u.......-iltd 
b)' 1he mrem<nl lhal th< iofonrulion 1b:or m>Y be,...,. 
vcyed by a "' o/ dala. D. d<p<nJ> on lb< "''"'" 
rtc<ivin,¡ lhf d:>lo io llt.rl 1l>o Km•nli< boc4found Ol 
.. rt<ci>io, IIIUCIW<" S of !be 1"""" ¡, <ru<i.IIO Ílll<r· 
l'l<lln, 11>o d•'•- In •ddirion, rbc timo o-.ilabk lor 1h< 
Ínlerpr<talion ¡, alo.o >Í~nilic•nL AlJ lhÍ> <an bt upreo• 
.. d by 1 cono;.. "a>~~eepluol fl>lmul:.o" H . ..,o,don(l)j; 

~~~D,S,I) 

O ~dala rtpt<><niÍill 1l>o Ílllenoled iofo 
S • rhe "tceeiv;.., urucr=" fprc·knowlcd~<l of lile 

""' 1• 11>o ¡jme ••aibblo lOibc U>tt for int<rps";.., lb< 

••• l"lh< informolioa convcyed b~ lhe d•ta D 
i • lhc inform;uioo funolio.a 

la D.oiJ .,. 0<11 inlor..,l;., .,., 
lb Dilo do .o/ cnnloi.o iolonnal¡, 
le BU! d•IJ moy nn/1. •1 1>«1, '"""' inlorm•IÍDII lo 

<U<h people lhr: <onceplion..d lr•m ""'k of "m 
.,.·bolh , ... ..;,.,.,. wilh lh< obl" ""''"'~· 
<ho><n ond "ilh lh< rnod<l of lhe p.on of •••lil' 
btÍllJ in>'Ol.-cd 

Id 11 1hr: •""'""' of .U!> ;.. ~P< cocnp..rod ro ••.Lbk 
,¡.,., 1. no lnform.oiÍOOI ""''come lo be con\Qd_ 

A '"""'qucn<l /0< lh< in/"'"'"'"" "'-dr•i• ;, 1/ut io 
oddilioo. lo idtr>iífyint lbc iniM!n..IIÍoro n«ded •<11$ 

lk~ni111 • ""'" "P""'"'"'i.r4 .. r u. 101.""' "il "'"" 
h>•c lo ~ht•Ín "'m< lno~le,l~c uf lh< "u><n." >n· 
fol<o~i<.r.l moJcl S All<rn..IÍ><I), on< ~•11 "-'"lo ><rilr 
'""' •t.: ok.i¡:nnl J.,_. llh '"'"r'l •••h lh< ••riJ ,,.. 
,,nJ llo< l.n, '' ,,· ,,( """ .. ,,., .. I<'J u...-o 



laloloJcnl-b ...,¡ iof .................. ' •D 

Ir rruy b< eon<luJed lh.ll DIICe rh< di.IÍfl<:rion in· 
¡.,..rion/d•la ¡, r<eOpliUJ il is im ... &.rely !oun.lth:ll 
.,.., oc<d> for inform:;¡iocload Y\tf ...orld ,;.,., bolh a:e 
ro"""''" ;..,oi...,J,r;h<n dato are 10 bo d<>i~noJ. IM 
rhi• d<><> nol ""'""''ily imply rharrt.: U><S>i<w !Siwtll 
M•• ro b< replO><nted in lile d:ata ,,.....,, nor <lo« il 
lr:P<\0 bt !Ol...c!y d<Mtd. Ir i< oniJ nten!M)' rtulthc 
dll> •" ad•p<od lo lh< ,¡,,. of rll< "'"' aod tiur ~ io 
prop<rly •erifi.,J 111>1 ¡h< """ und<N:Ind lh< J:~la. lf 
;l:it "''" undor<talld rh< ohl:l(whi<h ,,.. be r .. ta~t. U><n 
110< mcono rh>r rheir ~·oriJ •i<~ tu, bcn "in•ol•«<" 
conr<:lly in the d•la d.-i~n. On thc orher fund, ir m;oy be 
of inrerm ro r<pl<><al p.¡n el S in lh<ir l<lin<l•- lo lhis 
,..1 rb< O<<d lor in!01marioohl•l• di<liorwics aod ;.,_ 
lounJrtion .,. ... ,....,.r btc.rM •PP'"'nlloe>. 

We >hall"" J.r,, rh>trhc '''"' """'' •i<w or d•ta" ;, 
.,..d in re<tnl dal.l ba>c Wlllls io o ,..y lhal io cflly 
·"""'"'Y <ilnilar 10 rh< ~nc;ept Df -,;. .. o! th< worW"' or 
"><Nnlic bao.,our.l" (SI •• di..:uue< in rhe oidor 
informatloo oysum• !htoty and prciCOICd abo••· We 
dlalllry 10 idc01ify lb< duwbo.<;l tbal;. auoda1ed willl ,... . 

1lt iii/Q~Cfirlll ~~•l:t""'•'· "' "'" no.., a • 17<1tzrr ..... 
11 hao betn ,. •• thot thc i>form.Wn '""wy,;d by 

oom< do!> dtpelld• en lhf ••""ntio Ot iltfolotk<zl 
l....,.worl of the ... ,. lt ha¡ bcon olttUOd thal lll<:b •• 
infol~l b>clvoulld mu>l be~ •Y"'"' modo) ol (pan 
of) lhe Of'l<m in which 111< f¡ct 10 bo: inlorm<d aboul 
appnn (Lin¡efor•fllll. Such u infoloi;ical oymm 
""""'] "'11 be in thc milld of U.. ""' but it llllY p.mly 
b< repre><nlod by dato I>OJiable 10 lite ""' on do.:u· 

'=~;;.· ~ 1 ... e::~ la~~ ""l •. :~ 
repr<l<nllrtion), which ¡, pr<oenlcd by tt>e >Y>I<m. \llilh 
!he idonlifier Sol the .. r.••nt >tored >y>l<m modot An 
<umpl< IDaf upbin 1No (LI..,.!on!ll)l ,,., .roo 
~Ion and Samuei>OII!I2J, FIJ. 1~ For in<tan«, it 
my nol bt ono~q;h for the rocei .. r o( thc '""""~ lo 
h.••• dictíonary which ttll• wh;il "Boilct jM ..,. .... Ho 
my neN 1 DIOdcl al Lbe oy<l<m 101ft ,.¡g¡ '""' lht 
ob•ened lompenlu,. may h>•• and.lhu•. ~·h>t dtci<ion 
is <:anod lor. On thc other haod. a.oy >f'lfm modtl ra.o 
aJ ... )'1 be <OIIoi~Uiod by 1 ,.¡ cf .......,..,. tepr< ..... 
wo.. 

lt ;, <Uf la oec thal "unJormndi!ll~ oome dlll (ooe 
Nocord (or i .. t>no;e) ltlllf IIIC>IO diWmlll tbin¡¡>. lo lile 
minim"'" .;a,. i1 ..;a imply lllftely Lbe iJno:illiq or 11>< 

ilf of prodic1in1 """" tii'CCI ol 11>< obifm:d o-IOC!-1 
H<n••••r. di!llincl .....,.. NJ be ini«U1<J in Ji•lin<1 
otrecc .. Tbi. ltnplie> 11u1 !b<y .n "'"" 10 pos'"' lb< 
~.;.,.~SI wlulo 1hey n~;~f lb<m OOIJ Ji..¡incloJJi1;.,nal 
,.;....,, Sl or SJ for in•t....:o. l! "'·ouiJ '''"' or~·~~Ñif 
10 reprd tbo •,.;,.- SI. boU: lo :all u ... #< ~~ ,....,;, 
<h1a. u lht millim11111 ~·~N""' ,.;.... for thne cbta 
(«>n<•J~QI\IJin¡: 1e1 ir io lhe "concoplual S.·~oma" of 
ANSI [llll wborm lh< adJirian:a! """"1' Si li • l. J. 4 
<1<.1 mio:br rolhn be rrpJtd •• dillillc'l ••)-. o[ ;oppi)· 
Í!lllht ..... infonn.llion I~D, sr. !)~ illh') I;OI'f"""nd 
10 (or, ~•lh<r • .,, .,....,;,l<d w~hl rht "<•1<111.11 Sebo­
""''"al ANSI!Il)L Now lb< COIMK>I ""'al obc l<l'fl 
~ •i••r. or ~ ... orld IIID<lci is al 1hf Lind• illudr>tod 
ob>v• by S~. Sl, cl<.,ond lhU>Ih<f ou;ho lo be "'"rJoJ 
u an Dpp/irDtio>tc pruttJ"" ,¡.,.. rolh<r lh>n •• 1 .,.. 

.;, •. Tlw dillloa app~ntiolot. n..oo:i::oiN •ilb S!. SJ, 
ne., ooill Prooe" u.. um< d•t• (u,. thc ..... pi"" al 
inlotm>lion) in diotinct rombin;¡tion• an.l ,.quto:oc:to. 
Thil don 11111 D«t><ari!Y imply lh3l thf d:l~ """" 
4i>tinct 1hlct&> 1a th< distin<l u,.n thoup thf,. may 
!oler di"'rnct canooquoor:eo lrom Lh< '""" inform:nioo. 
boc.ao,. lhfy h>ve diuiocL problem•IO ocl>e. 

Tlw ;•iew" SI ..;o typitálry be a"o<i>tN •-itb 
obitasand abi<CI·rel•tiono im thc JUI ...,,Id fthe objcc¡ 
•Y•Iem) •• welloo wilh tlar!M:t anJ lramo• ol idlrenc< 
uiOci.tod .. ~h tht1c obic'c1o •1111 rtl:llioaoltipo. Blll 
ooti<o 1ha1 lhi• doo1 aDt ""''" lh>l :alllh<,. ob}<.:l• and 
IOiation>hip• mu<t be ><I>OfiiCIY tf>)<joll<d in thc dtia 
t.. ... R•lhcr. "h<ncv<rl '"'" >P<cili<l u <-<:OIII;<pi(D< 
...... ..,. 1)11<) 10 bt r<¡><< .. ~l<d io l/1< ')>1<111 he 
irlltod11cn .,,.. o: mor< abjoct el~,,..,,.¡ a proptl1f D< 
«lotion a. .. ciL Thi• wm 1bu• oppou ""'""' the dala ID) 
•n.l doeo 1101 oe<<>wily oecd 10 be flll'lhcr r<pr<,.Aied 
u da!> ID: SI) thll "Pf<,.lll a modol SJ, 

Rtmo.t 
b o.hould "" I>OI~od that lll< IMi&ht 1hal !he imcr­

pr<tation cf a rccotd 1101' in•w.:c, 1 Knl<octJ dependo 
on 1he wo:ld vio~· S cf the .. ~,.,- doc1 ~,;, imply ihal 
thc •lcw S mu!ll bt uplidtly ono.J<IItd ín a w:ht1111. ¡.,. 
lo~~~Bc<. Tbe ool)' thin¡:lhat it lmpli., ¡, 1lw any re<ord 
m>y 011ly '""'"Y inlo:motian lB""'"""" ond, htnce, 
it io impostan! 1a ""'"" Uw lh< d.alo llhe >m>nll - . 
dr:o\pod with proper lll<OIÍOol siYC'II 10 thc vlc.,... S. ot 
1hc imefKI«< ""'"· How 10 .. rify tbi• io a prob!•m 11111 
h opon lo furthet roO<or<:h. lt 1hould 1101 bt troat<d by 
ll<ilo.,umptÍOL 

<·foel .,¡he ai>M:I'VCI poreei•ed il Thi• .. ·ould m<on th>t ln{tmnalil>lr dielicrtor, and ill/01111oliml WJOOOttm<rU 
the uoer al lhc dall wouiJ can<d•• cf lhc pan af thc An imponant COliO<qu<DCI! of lhc a•.W role ol lll< 
"""Id 11131 ""' petcei•td by lhc olher><r .. ho oridn>tcd "'" •i<w (SI for in<t:.n«) i> 11W 1111~""" .. bo >r< lo 
.!he"'"''"''' Thi• ,.,..,lo be thc OGiy ~undtr>l•ndina" ohlto .....,. <vlllliiO~ d•ll 11111>1 hold 11" "'"" lbuic) 
"hich io IOt>cnlly r<~ucoled fr010 <.,tcarJ• <tot<d ín •• •iew ISlJ,ot 1<101 :ai'Pf'0<1ifllalely;.whora.docy ....,. hold ~· o .... _. •• '"• • 
IS 01 d:JI> boK. (t .. iU roqo\ro a unaJI p\oce !SI. oay) ol dÓ>Iio<t •l'l'lkatio~ procodwe Yi<W> (corro,polldinf 10 

· the-,¡,,..,;. bock¡rOWid S C<l)y. lo ,.,.-;-Jom>lldín& wbol ¡, toliiii>Ooly refuted lo u "'tloer vm~111 fol. 
_ ~~ .:u.~r"•~di~~~:" lOO Y .JllND,j¡udJiiliDD...I c¡qo•bif· __ lon!h3l.il h =uatJ lo m·ro·~· •o ba•• oll Nlllf....._. -----

··- or nameo dcfi110d ín 1 commo,. llllhori.zed infOI'-
-!Tou"><ioooori<ol<d",..¡,¡l< ........ iol<rrio;cl!w...._or llll\cm.ld:ot.. dictlo.,.ry. Tbk Wct~ ~' 10 llc ~ 

. 7-n.n"M•iad- b<t..•io! ,.., bo 111< .-. roLiou....., by lhc role••nt UKI 'fO"I" """ lhll\ 11 m"'l be m•dt 
-po<diel;.l<ll'm.. - coaoiuem with the rele••nt "'"' viow huc~ •• SI lar --

. . -
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in>llftC<). CoftK<¡.,.ntl~. any lime lhal 10mt , • ., ... .,. 
t)pe ;, to 1>< documenl<d •• roquirtd inlo=nOA. oll tht 
,....., i:o•olv.d "'"" COGlono 10 ¡he áoctiorwy. 
HnH•er, il ~·ilJ O!leo hoppen lhOI neW nomel Ir< 
ll<tdcd, wheo """' e-muo..a:r IYP<• ll< inlrod110ed. h 
"iD lhco bt n«nl.lr)' 10 h1"1' ,[IUI~Illioll;dized a 
m:Hiil&<ri.:d pr<X:edurc for llow lo inlroduct ood OUII>orilt 
"""' IUIII<L lñtot rumc:o will, lfpic.Jiy, be ....... ol 
ol:>jtct cb .... 1>1 properJy lypn. Thuo il h <nO lo be 
neo<I"'T)' for any IS O.•i¡n pro<<" l.o hl•o 1 "'" 
o;;Jbliobal inl<>nrwioo ~""'"' proctduro 
il.:IO~efon114)l. Thio no<d !or ll:lto ""'""~"''"' and 
inf•mnalion ""'11.1''""'"' fllliCiioa• ba• ,1,. boeo r<C<IC­
oiud. ""'" rOttolly, by ICODAYL[l~ll aod (ANSI· 
SPARCWII. lt ¡, dr>iNblo lo """" 1h1 inform>tion 
m•R.!l:<moiOI func-JioD '"~l"'rl<d by o <'041¡>Ul<r 
(L,!If<f<><>ll41~ Of oourso, lho informolioft dicli..ln:ll)' 
~w h»·e to contoin cntrios ool only for ob)ocl cl:u>« 
an,j ~IOP<MY I~P<' bul al..., for ~<on<<pU aod Olhor 
H:•'"'"'PP•· f'llllh<rmorc, 1101 only ,.¡q tho DIO>RÍOJ of 

<oth nam< ha>e lo be d.Cumented bul nrious qua!Q. 
IÍV< and qua.W.ti•• clwa<t<ri>!ia ,..¡a be pul dow.lllll 
....., •• 1 b>•;, for dOlo and pro<<" de•iJn 10 wcll a for 
Jnt.,¡rity C011i1!11inlL 

htp<J<itt illformoi/M br/.:trr>ll•i 
W< t.l>e di.cuntd how lho IIDdtnl>ndillf; ol dolo, 

moi•ioctht infor.,.tíoa, do¡>mdo 011 tbc pono,.,¡ wMd 
,;,.,.,, S. n,¡, ;, 1 iind o/ coeniti•• i>ack,rou•oS-w.bal· 
tht 4-lt. .,.,. too.. of lho :~-orld. B1111ht lnf.,.OAI'iooo 
reorived will be uml 10 "'PJ'OM dtci'lionl lnd a~ÍOQ. 
Thi•, ho~ ""· docs 1101 only involV<IIC'III:II in/orNiioo .... 
bus ¡~,. pi "' J>UrJIO'C Wor ... tioa. lo m•n·~mr-. 
inf<umation s)'>l<m oleo~""' io inl<7elled io Pro•iJ'"'' 
$oal inlor...,tÍOtl, in oddition lo cht l>e1ll:ll in/otal:ll-_ 
ia Ol'l!<r 10 iloll"'"'' ct coctrol lile ~ ct .aioao. 
HO'A'<><t, u sbown in (l.>n;clorsll4D docilions ....S. 
by pouple .,. ........... ~y .!<¡><11<1<01 •• thtÍI' ""......, 
~(>111'1>0\i .. indi.,tillo~. Th"" hu:n:.n bcin;o h>•• ialer· 
n.diz<ll gn,¡, lhal th<y "" ""••IIY ""'''"'' ol .... tbat 



~"-·""' w ............. ;.-. '" • 
'"'"""''icall~ inn...,n.:c lhoir ~.,.;,;u,.. So d<ci.ion• 
,_..t.. ,.,wr~ cunnoll<d b¡ c!,J'Iio.il p>.d inl'""""k'" 
,..J rbo ••pocl<d bdg•iur of obt. w .... i>rh"' ""'olli1 
....,..n.knt on l""ir oo~TUIÍ .. wuM •Í<'w !SI l¡o,i "'"" ~n 
11o<it "r""l •'""'•'', ot inloniÍO!t<. Thi< Í> t<"ifitd, ¡,. 

• io.WOO:< bl lh< loe! lt..l r<ork _....n,...,l< doc¡.jo~, 
·~"""' m..olin~ ••plicil th< uo.Jubi"' ""'¡, ot ain11 ond • 
...... ~ ithoul bc:i111 ,,....,.. ~r '"""" 
ji,;,.,.,,...,, ~·11• f>{ •• t·nour!llt o/IJ 1M /tif<Jio,;rm 
'-'<ífn>UOJ 

W< '"""" '""' lb< rdoren« poli• ol >~ "'"'"'"'~ 
"""" molr 111111nr • bol 11><1 1der lo bulllw lhi1 may b< 
""""in'"'"'"' wa¡·•· We """'.,y infer rh.u h~'" il nuy 
b< ...,Je loo"' n will depond un ¡loo \ln>.1u.r< ol rh< tc.>l 

''""'" .,.¡"" rhe infoloricol•1"cm rnoJtl ISI~<oil:obl< 
10th< usen. We ma1 ill""'"l< thi1 [IICI in conn<~lion 
·~h !he Oolllic! eum¡,le 

eml: QuaniÍiy-on.Hond fAr!Í<I<·Typo, A: Time, 
p~ .. iu; 17 pi<O<<) -
F'oN,lhc ,;,.,. r<f<I<IIC< con ob.iou•ly 001 mokc known 
1bo1ime il rd<" ro'if rho , • .,.,.~ r<PI<I<nlal;,n eml 
-. ... Id bo ''""d -.irhow wppie~~~<IIWY úmo r<l<r<IIC< 
.tala. in 1 d11i bQc. . • 

S<<ondly. rhe Subjm rdmn<< Arlklc·Typo, A; Oot> 
1011 ma\o kno,.n, b1 -l<lf, <he objccl Íl rdm lO. fir" 
""' !IOlÍC:< lhal WO p!Obo!,ly 111•< lO !lo "'ith In obi<CI 
~hkh is, i1>clf. • collr<toon ol obj<er• rhlor ar< ~rri<le• o/ 
lllt lypo A. Funh<"no.ro H '""'' 111>11hi1 <Oil«tioa i• 
il<lotd ....,.~·!le!<. Suppo,. rhis colleolicrn t< "o'"d in 
S.o:o No. m and """ such •rtíclc• m~~ •l<O be ""'"d in 
Sror< No. {2¡. No'" "'" m!KI ~oncludc dw tbo UJ>Icuioo 
"Mielo· T)ll<, A~ don no!, olono .... ~. koo""' thal 
•"hkh ., .• , inl<ndtd. 11 mu•l be ••pplomontod 10 "AllÍ· 
do· Type, A; Sloro, No. 1;~ ollllthe infoloaic.oJ model ofthe 
"'"" muu be compotible with 1hi1.. 

YOII~t~a~ now .. k ~hirh .. cht nceded oupplomentin11 
slloold be dooe by eh< •nalyllo oe by rh< U1<r>. 
~.;,.,.ly, tbc •""lyo.(• cou!d ollly do> lhi, if lbey tnow • 

th:al ""'" Íl lOOr< lluo ono ''""'· Roprdle" of wbo 
dou lh< •P<~ificacion. if it 11>• ""'" milioO by lb< 
~<l<•aoJ .,.,.. u,., th< obi<ct ,.¡.,..,,. """"'" roe th• 
«n<<'"'" lormubrion doto idontify rhe inrended objcct, 
l!lnr lho d•la >an be Je<i¡ntd. 1! i• nOI 10quirod lh.ollh< 
l.o.la •Y•Iem hao 1 \lorcd oyoltm modcl /if lb< data 
·~•Iom io 110! •• l<lillci.d inlelliJ<nc< oystem~ The d•ta 
'Y"""' "'W uoocio.re dali objects wilh the obi<CI 
iden!ilicr eho<rn ollll che "'"" ..;u ••.acial< thi< 
iden1ifier .. ilh lbc tnJ lite objcct ., do~ned by the,.. 

... r .... 

~ -~ ntnUDo'T UPtC'TS orun •mos 
The inJorm>lioa lhal '~t~:~y be con .. yed by d•la 

dep<llllo on lh< vi<w cf tlo.! ,..,Id. hdd by tht "'"" of 
. lhe dota, 11 wdl ., ~ dti>erwl• on the ~u~p;~,. ll>ailhe\0 
1><•~1• ""' ro "'Pf<" lho .;.,.,, Thio ;, onc of 111< bli•k 
poinlo-.01-ol<PMIUr< of inlolo•oy ond inlorm.:~lion •J"'•m• 
thoory b\11, .t..,, it ;, • r,..,¡ p0int or ¡,.,.....,Iic., the 
"~<ic-""' of underot....Jíng", We P'""'"' •om• ••P<"" 

pr<»Í•I<d hy 1h<>< fi<kb of <1o>Jy. Muu ob.l.l •••••m· 
,.,¡,,,,N \ltllli<oo ,..,. ""11o1> """' lhn><y o!'oJ •INo.~umJ. 
rorop.,;,m;.., tb<.'of)' ..,..k of ......,. •••••• .,¡ "'" d.ol<i 
.nJ lh<r<by ,...,,...,. 1o<>w rht "'"" oloola ot< rroc.,....r 
cli,linc~~ ia Oi-IÍII<I oppllariono. Tht olm of I~Í< Jbt'tl' 
h:r.• l>«n lo """'p;n-YCtf l•idy-1,....... ~;.11.,1 1"1'' 
>poclí•i• of ~,;,,..,·. 

A.I>OI"'If !S, mzl.o'llllf¡""""" /UIJ I<Ur rirw 
The • ...,.,,.,~, amt<ponolto •·1..:11 in cht ;.oriol. 

ll<~~tt th< ob<tr'"'1 IS (AISI. «HH..i.lill.ll of ,n <·me•"'~ 
o..UJOritMn ano! KOII<q'Cl. fono• > moold ol • >dto:tcol 
IIOf1 of roolily. Thio wa> 111< ..;. ... uciliu.l in ,..Id)' IS. 
rhoory (l.:on~fo.ro[l,l[lond ir :o~W ¡, 1 b;,i.; in!o•.r 
,.¡,.., r~.:on:<r"'' """ Silnoll'ft'n!J6Il ThU ,;.,. >~K-<ICI!.' 
•• "'" h>vo «<n. 111>1 lbc .b>IIKI IS ¡.,.. inful<>¡.icol 
modd) IAISI mu" ol"''l)t be b;ooe;l on IIIIOih<r .. Olfd 

'IIIOdol, ctw: ..... mDJ b:ick""""" (DI' rot1«1ioa of pcr-
,.,.¡ world .;. .... , S. 

The ab>lraCI IS, AIS. ,..ill be .,,umcol rorrr•<nltd 
l"'lllY by d.ot> IDI•od propamo. Íl'l lh< 1¡·pic-ol IS olt<ip 
a.e, Coalr.,.;~ i«. th< pe......r .,·orld •itv. collecti.•11. S. 
~;n nol bt rorrc«nttd lhrou~h <lota '•n lhc l¡pbl ~·"· 
11 ;, ooly ncc«,.ry lhol il ni>ti. in lhe "'""'' of 111< 15 
Ul<l'l "'· ...;,. l'f'O(Í><I¡, thal ,.l .. onl po:l> of ~ on 
invoktd " rolovanllÍ!Mt. • 

The dala ba .. lilrn!uot ofltn iporro che 1<nn 'ino 
fotm:tioa", l:t ~ • ....,.;..., of tnowkdl" .. u>Cd h<r<. 
lnu .. d onr •P<>b el eh< dali ba,. and of a "rnl·~orld 
morl<l~ "'"'1110~ 10 be r<prr•tniN by the ob1a ~ .... 11 
•hould bo ob<tr>td Lltll 11>c "mh«<d moder o1 rhe 
oloii ba« lit•r:olurt com:•pOII<l• ro our ob>lr.ICI !S <:USI 

·anO nOl lo lh< ""'""'"'i~ ba<k¡round •l"•l<m" S. 
Beo•u>< rile di.linc'IÍCOII AlS/S ¡, fltvct orlic-llloltd illlbc 
DB lirm.ruro ~;. ...... uy qui!e ~ru .. d •• ro ... h:al 
•hr>uld be r<prc<enltd '•n 11i. d.o11 ban .. ~. 1 r;u.,. 

"qu...:e, ic ;. ofl<o 1:1~•~ fO< panled 111:11 .U of rbo 
rnhodciiROdolnlnl• both .~!S lfld SJ ou¡hlto be pUl 
inrothc: dm ""••· Thi• ;, ob•iousl~ bolh undni .. bl• and 
Ímpo,.ible. Behlnd •oy rrpte,.otolioa olo "'otld ,-;....., 
\UCh •• S, 1here •iD olu¡o '"'" 10 be ano~bcr .,Id 
•·ic-w S". Thu•. !<prdlon of ,.,,.. much io pUl in•idr ""' 
d>l> ba«, rl\o:r< muu alwoy• bo a ~-o.ri.J•it" ouhiJr il. 
... ¡¡.,..ro lh< ....... 

C'luv!t'..rt f'UIOII•f riro~. • rooctpr o/<Oll<t¡IIJ 
A opcciol problem "ilh thc impo!lance of • ...,. ,i.-.., 

lor lh< lllle<prmlóoo d. d111 " ll••l·ptr.....J Yirwo 
'""""' conlin11:0Uy, Thi1 ;, 101M1Í""' intendtd • ......,.. 
lim"' nor..ln foclll"' IS ir~<lf mar ...en cuntribuleto thi1 
<hanG<. A• o Je<ult, >ny JS ,.·JII¡end lO lo.>1< "'"'" of ih 
rtle~ ovor time. 

Ono t~•mple of 111 intendtd eha"'" ol ......, would be 
lh< I>""Íbl• olfocr rhal che olfono Dn re•lupi01 lhr ""'~" 
ol U.. torm "U<.cr ,;.,.~ mi¡hl ,...., UpO~ ,.,_ , .. ,s,.¡ 
of 1hi1 PlP<f· · -

The phenom•non of coneepl fo.rm•llon ond cluinl< is, 
of coom. a profo""" p•ycbolocicll pl¡enome-. 
H.....,,.,,., >llowo in 1Lan'"l""ll7ll i1 ¡, pO<•ibl< 10 
uplain mu~h of ir bo"'d "'lely on <imple d•ta modelflllf 



• 
.nd ""UOÚIIJ! tl>e '"vitq: of memorpp.oOC to be lb< m.in 
.~nl<tion ~UÍ~Íilflht concepl fOlmi ... proc:tu. 

T o o!lu-tr.ote, .,.. brift¡ .. e1trrwl~ ,¡,¡. eumplo. 
Su_.,. .... , h.ow on rs "hich recet.c. aod ''""" ;,.. 
form..lion •ucpre .. nted by e-reconl> such •• u,,,., 

TQ.I,I ha.• a bead~ 
N~LTllUS hoo a h..U: 
TO.Il n,, • boJr, 
BILL ha. o hn.d; 
HARRY ~'~>• on .,.,; 
TO~t "'<i~h' 1$0 pou!lds; 
SILL ha• 21tp; 
cte. 

obj«t colled Pmon;. obl>in«< frnm !he al~hm. r.,. 

' Nolot< Uw tht con<q>~ objta, F11- J, l>.:oo ooo <o. 
>t.onl O< clo<nl, p.ut """"'d l'rr.....,_Bo<ic: oool """ OpeD 
pan ....,.d Peno,.Form.Th< do-cd pul, ''""'n·Bo.C, '. 
,.....-¡, a .. 1 of to<~~l'ltL<7 · ur- rlo<td, prop<riJ ' 
rderrncn hucb .. -..., ... qly, !;"') .,¡,.,.,, lh< """" 
p.or! 'conloin• ,......,, ol Prop<nf'íY"!>O• bUI ,,.,.,.,¡,. 
prop<rty »11><" Op<n f•uch •• "'"oi;hl, pounJ. (),"'~ ThC 
o¡><n '"""'"' <bta \liUCluro ¡w~ .ao.., rtll-lde objoclj 
(<•llod P<'"'"' in 1hio <'11<)10 bo roprdod 1> in>l•ncoi 
of O COIIC<pl CVOO thcJLJ¡:h !hoy ha .. di•lin<:l >'o)ues (OÍ 
lho.,. pro"""'" li01ed in lh< opeo p.ar!. (fo.r in>l>nco, 
,..,....,, ""Y havo di.Íin<t ""iplt" "'"ttl><l<.,lh<y al 
h.rvo1h< common rhlncrai•IÓC'\ of hlvin~ "'""' .,.,¡¡hL) 

01 '""""· lhe o¡><n proprrty vafuos ~m u,uony bo , 
con>lr•inod 10 '''Y ~ilhin >PO<iliod bounds rf01 inslo..,o.l 1 
ptt\Cn> mu>l hl•o .,.,id>lnlun be!'"''" uro Ud...OO ¡

1
' 

pound•l Soxh llrhnod bo<rncb ~ •• '""""'' ..,¡,. 
<lr•inl• lor lhe d•lo bue. 

1 
i 

The IS compile• 111< e·rctord• into intemal dlto olfll<· 
lUlO\ ., d<pi"cd io r-,_ 2. n.:.,. <lnl<lllfn wíO be 
rdmod lo., dot.o obj<c!•. A p.>!!Orn analy<i> •lfOrÍihm 
optr:.l<• on lht\C d•l• objecli •od Ulro<l> <111JdUr<> 
th•l ue foul>ll lo be wmmon lo IC'<fll dal>. objoe<._ 

Th<l< "'" ~.u <>bj«¡, rtl deM.d and ..ame• .,.. • .,;,. 
n<d lo 1htm. Th<) ~ifl be rtf<ned lo 10 n>•e<PU. from 
!le d>t• b:.,, "'oci•l<d with fiJ. 2, o concepr J•t• 

11 i• inl<r<"U~~ lO "'' lluil llrtidf 11010' "' may 
mo¡¡niu "'"" pr"P<rtie> of illo <aoc:epl <bta obi«t> 
lhal tuvo l.ignilicance for IS d"ip.. Th,.,, 1ho <Ol><<pl 

objocro f•ll<h •• in Fi~- JJ h'"" d<rroo of "'""""''"'" 
whido mal." 11 po1<ibl< lor poopl< lo ko<P lhom ••Oll· 

' 
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ablo. 'They are obviou.ly dosdy liW><i>led wilh 1!>< 
"><manti~ ~k~:~ound" or "U><t ,.;,..,. .. S •• 1110 di<• 
,.,...d culier. ln!.l .. d. lile opto nl ... po1itÍO!I< 
l<pr<><llt ÍnlorNIÍC>n LhoJ U111101 u1u.Jiy bt ,.&il,;,blc lO 
pooplt in od-.nc:e. lt i> lh.ol informohoo "hich c.lh lur 

panicul.or "''"""'' •nd, hooce, n<OJ< d•l• '""'"' huch 
u .. ntentt<l !11< Íll communicatiM. hrtlw:rmor< "'' 
,.,.. alw ><< •lul p<Jtfirol#r rlll!lt:tl;, O«dcd ~~h UIY 
o.inpo '""' btlore i1 c.n <o:>nvey inlotNtioo. Thi• p•n~ 
<ubr conle•t. ~• can no"'"·.,.¡¡ h"tlo idenhly lh< 
Coneepl ob)«i lh•t lile •alue btlon~• to" ~·di •• the 
ÍWOP<r place of lbt ,,¡,.. in th.l conctpl obl<ct-.We m•Y 
"""' •ho conchlde th;r.t !1>< opea par!> o! ton<q>l obj«:t< 
Corrrspond, rout-hly, lo <bll r..:ord l)l'., in dato bo><l­
,tllldlly, lh< nameo, or l<rm<. appeorin¡ in a <M«pl 
object musl bt """'"' of olll<t con<t¡ll objods lhal 01< 

tvaa.bk lo tht infnr""'"'" "'"''· io their mindo 01 
lhl011;b 10m< .. l<rn;,( m<.>ltl. 

~ _ concepr objech, <i<.uly, f<><m <Otn.llllil; _•Y•I<n" 

"' ""'"'01"h """""' thc PIOJ><rtY ,.¡.,, .... '""' thcy 
<onr..in rd<r to J!lhc:r <On<<pt ohjecl\. 

Tht irnrodll<tion ol ti>< "eon<<¡>t-<loto, obio<t>" NY 
be ju,tilied t.OI<Iy by thc >."nÍIIf ol m<mory 'P"< (in 

........ ' ... -.. _, --··---~-... .. _ ....... . -
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human memory or in computttl thot th<y brint '"''"~ 
For inuanc< thc data obj<tt Tom ol Fi1. 2 -..hK:h .,.·, 

• • • may "'tU< ao 
Tom ll>ood; body; .rmo. qt¡. ~: l<p. qt¡. ~: .. ,i¡hl. 

~und>. 1~1:; ""'Y bo: >Ut>-.ttM<d by • 

il it ;, '""""'d that the >aloe t<tml (ollo~tnr, conoepl 
nam<. bc:Ion¡ to lh< open >ih.l< >l.!t• ol th< ope:n p.rt o:1 
lhc conc:opt obi<ct 2nd ""r i> ""'d to <1<1101< • .,.¡,..¡ne 
nJ ... >JI<<Íficalion )10bich lhu> leo veo a ,,lue >bl! Or<nl. 

In t<'"'~ "' ,.¡¡¡ cn<OUnler data objcC" tb:ol •« al 
"'"'' partly con•htont ,..¡,h • <Onccpt o>bie<t. Thc 
dil'!er<""< may bo: th.ot lh< objectll." anoth•< •.Juc lO< a 
p<op<My th>a ""' >P<<ikd ;, tilo <lo"d p.on ol ,¡,; 
COliC<pt. for ""mpl<.lt.. dato obj~l H"'ry. in Fo1 2. 
lp<cifie• or>< .,m only. Altttn•tÍ><IY: lhe obj«:l m; y be 
ladin1a pcoptcl) reltt<OCc >lto¡eth<r or Íl m:oy cont.in 
prOp<My rtforcnc:"..., cortt>.ÍII<d in th< conc<p< ubject. 
for wth obi«t • rdcrcnce lO a concept .,., •1111 be 
""d if lho>< (e<C<plÍoO) prOp<My e<fttcnCC> thot de>i•t• 



• 
fr<>m \he conc<pl ''""''"'" .,. toCUOI ore >okkol. For 
ifl•t.nce 11>< obje<t H.,., ;, F"r¡. 2, .,., bo wr~teo 

<GM:rl~ a<rtomal"oc: ...a:¡.~ fonnin¡: m<<h>oNc• .. 111 
chon;t ~. ><1 O( ~ conlinu..oUy. •• "'"' "'"'·¡ 
tn.~lion i• reoei•ed. -- · . • 

Harry (pouon; ?; B) •rm, q\y •l 

Yo &cide whcth<r • de•iari111 da!. objtcl U>o<.tld b< 
rtptded a• 1\IQCi;altd wilh a Cfi!ICC'pl (whilo >11pplt,.,. 
t<d "'ilh r•ceplion cb.lliJ or 1101. onc: my '""" lh< 
rt>ulling dat• •p•<• roquir<mcfll. 

A famou; w<>rk "hich io CODO<rn<d v.·ith Wm< Olp<Ch 
·,~ COIIC<pl ch;r"'" lftd. r.:..::e. ~ ...... vÍC»>" •n.lth<"u 

¡,.p.,,.,.,, is IKilbo[ll!l. Kllbo ""' lb< 1<101 
•pm.¡~íp»- in ""<nl ""l"o .omr o/ .. t.i<b .,. r<I•IN 
co dr;cl> of •illÓn¡: inl~o.or:oplu•l "u><r •><••"· 

For any 1i><n >d ol d•l> ob).<!,._,.ny ,iven dal> 
bo ... -..rul ony <<l..bli•h<d conccp~obj<<1, on o)¡orubm 
m.y idtnlify all 11>o.o dala objeno IIW ""'Y bmac 
reduoN by ,.,..,;, 10 tbt Cflottpl '"' wen "' n .... 
b<i"' in<rea><dl. The t<llol u•ina m•r lhen be eom· 
~ule~. Now lhi• nuy be r<P<>lod lor 1 number o( 
rT>o<Mtd cooc:opl obit<t<.., 1110 Md lhr tono'<pl obje<t 
,.hi<;h ;, mo" tl!idut;, reduc:i"' ..,....,.Y o¡g<<. 11 i> 
dtar 1ha1 lbio pr«tdurt .. ;:a 1011 b:o>< 1 unique rt<ull .., 

tn.t ''"'" "'''"'' lor choooU., onc >Oiution oul or • .. , 
ol equ.,ll¡ dlicient >olulion• will hivo lo be crt•l<d. 

Obviou,J¡·. "'hen o number ol conccpl obicct> h..oe 
l:><tn <r<>led onc nuy apply lbt Wl!f p:a«dure a!'>lnlo 
create coru:<pl> 1ha1 rodoce """"' ol ronccp11- Tlut> o 
hieurchic cnncepl mucluro wffi ''""6<· Thc modo! 
pre>enlod m• Y he'"" •• oponible. <implified model lor 
hov. human "1'"' ol lhe ~>orld '" d<'olopt<l. 

The con«pl o/ ""concepoo· baoed on ""mory ,.,.¡n¡: 
o>nlt. opp:a.n 10 he .o ... llúq muoh"""" Úlnpliolil: llwl 
·cOD<<ph"" •• coii\IIIO:Ily tholl¡hl o{. Ho-<.c~ ... .,~ 

~""~ n characlorlot"K:I o/ humu toncep1ion1 '" 
f<ii<<!Od by lh< n>Odo\. <imple tbou¡h it i<. Hen<e il io ol 
inl<r<il lO looi 01 >Omc <lal(""nh thal may be derivod 
Ioom the model: 

(1] The de~nition o{ o COIIC<pl ...m 1>01 be uniquo. 
,. • .,.r conoepto moy how oppro•imatdy equal 
ell'kiency. 

lll Wholhet a certoin ob~ •hould belonf 10 lhe 
eueno\on ola cen.in concepl ot 001.. ¡, • quoot"oon ,.·Mc:b 
rnay not ~ .. 1 unique ano~or--hen<e <oncepl loj:ie 
,.,.,,lO be lhrle·valuod llrut. (¡[ ... 1101 dto>d,bl<). ]l i< 
of inlorost lo noli<o 11>:u thi< i• •imilar lo lhe , • ., .. , 
p::r .. ibituie< or olatiol"ocal doc"11\o• theory. 

lll Concepto .,¡q ehang< u tho oubj<et .,;n uporionce 

""" p<rropiÍOfto. 
W Diotint"l P<;r>Dn< rn:IY 6<0Crole di<lincl conc<plion> 

••·on "'h<n lh<fhove 1bo ,,.,. uperienceo. 
(JJ There i•"" hed ,.¡o/ pf<l¡i.rtbtlutall in•tanu; 

"'"" /"><,..,. rolher. ••Y in"llanct mtl<l hove erooUJh 
lfi.IOY f\tOpc"rli<< in <Omn>Oo "'"Ílh 1h< <onctpl. 

h uem• l•lely tluttbo" he mt<m<ni<.>UI'ft'ltd by 
tho "''Y •i••rl< moJel. would be ,un '""" rd<1ant lhe 
mn1e complelily i< a<lded lo lhe modol. Honco lhe 
ll•l<m<nl• '1'1""" to be ~<R<r>lly lrll<. AQ th<\t COr>­
<Lu.;..., or< clurly con>i"<RI 10~h np<rir:""< and !han 
thi> U('<ti<nc< tn.:r) t.o nrLinoJ brth< •imrl• •""'""" 
'~'" of • >l<>r.l~< «U1"10my «ileri.>n. 1t S<<m> ,¡..., dur 
lh:ll lhi• m\>Jol .~;,., a lol of ~uio.l,nce lor lh< <Or>­
oi.Jorarion ot ""' ,...,., anJ U><f '"""<rlioo> Íll IS 
de.i¡ln 2o.l "''<'"tiM. 11;, v.1>11h noti<inJ_ <<f'<<i.>lly.th< 
ill<li<at;.,n ~r "'""<rt >ori..u~'" •ilh limo lila! )u, tubo 
t<<~unod v.rll\. •«orJ'r>t lo rh< IIK'OI<I. J\ny >)>luo 

Hrmrmt•lir.. irr/<llot¡ ••d "•m <ifW1" 
Jnlofon •nd lS d<,j¡:a = eoocorn<d v.ith l"oow d..U 

.... 1 be <d:u.;¡ ro lh< ""'Id ...r lo ir<lorr••.:oroon aboul lh< 
....,rld. Hormen<uli:< i• 1 fidd ol in<¡uirr v. hich ;. npli· 
<illy rl<•oled 10 ho-ol hum..o boiOJ• ron unJe,.bnJ or 
inl<tprete beh.-ior "' '"'" >IJ<h •• hi,.oric:ol or ... 
tul<. le< in<11n<e. Thu. inlolou 1o.l hcnn<ncu•>:. 
cle>rly ha>< , .... .., Ílll<rlll1- Hermcnnlli<>l urk ;. 
u,u..Jiy Pt<><nl<d in • ~¡,. 1nd onlon¡;l«l rro><. Tñi• 
o[l<n m•le. i1 dilliculllo ~ ""helh<f anythin¡ nn be 
conlnbur<dto JS d01i¡:.r¡ .n.r. indoed. il i> 0.11ur.J lo o 
..:i<nu<.t lo que<lion """'her h<rm<neuiOI letl> Qn)' 

•M preci,. mo•llin& :o1 al. 0.. ""'' 1ho <loi< r<blioo 
be!""" IS.o!l:oi)<i< >nd hermol!<IIIÍ" i• r«o¡:nil<"d. • 
be<Om<< d<>iroble lo ><riotl>ly loo~ in1o lw:'"''"'"'"''" 
Now h<rllÍ<n<uiH:> il><lf ;, porh:lp> moro <On«rnod V.llh 
init<lin¡ munil\l[ into 1 1<11 !Sinn¡:ebung\ Iban wilh 
ut< .. lln¡ .,. • .;1\1 ouc or il (AuoJorun,~ Thi• of '""""· 
implin 1~ lhc quo<liooo a'- proci,. ""'"in.¡ bocomo• 
'"'"'"""hal irrtl<.,nl n.r.. in rurlin¡: hffm<nou¡;.,ol 
v.orh On< ,hould Ir)" to ... if i1 ¡, po>~iblo to m•k• 
1<ni< 0111 ol 1h<m thro<l¡:h npli<ir, c~n•llu<:tive <~Otl< 
ol inlorpo<l•lioo. la .. , n>e. it io olear ll"ut llw: qunlioio 
of ""' worlrl ,¡,,., and <114 uo.lonl>nÓ\1\1[ .,., be 
ropnlo:d •• a hcull<neulial quo<1ioo. for lhio ''''"" ~ 
opp<•r<d rle<ir.~blo lo Uy lo «< ¡¡ it ,..., po><ibl< lo 
.u .. h <Ont"r<l<. infoloP:almeanin¡: 10 i<l«l<d i<<lioo< 
ol hmnc .. uti<al ""' .n.r 10 Ir}' lo finol out .. h<lh<< thal 
ll<ld mi;ht be Uodulto lSde>i;n. n.;, 1011< <lodf 1omed 
out lo be r<>><>rubiy ~~~«.,uw run,efoni!9Jl. 

fle,.,... .. utK:> """" '"" critinl irnporl>DO< of lhc 
'"Pr<·un<l<"l•ndinl"' (Voo-mt:indni•l hcld by lh< >Ub­
i«t. A ln>ieol hcrmon<utnl ,...,. ;. 1hc ""' (loy 
G>d..m<~J "hi<h <loim< 1~ inlerprmtioo ¡, no1. mc<dy 
aloo~ÍI\Il for an cbj<Cti" tclll<!ll in tlw: l<ll ("h\ch .,., 
"''" h•" <'i•led!, nor ¡, il m<t<ly 1 loolin~ /or lhc 
I11J< "'"""'.'""' olthe ou1hor ("'·hi<:h h<. him,.ll. '"'' not ha•• beol\ .,..,. oO. (1 io r>lh<f >am<lhinl ""belo~I\I[IO 
1bc currootovenl o/ interpr<lol\oa" and of ,:,. "bein¡~ 
rhe·""Orlcr o/thc in1<r¡u<1<r. lt ;, ten..W¡ nor .. ,y lot 
a 'l<><nli>l lo >lloin a GaJ•mor lio.l ol "l><ing·in·lhc· 
woriJ"" anJ lO undor.bnd in lh:ll """'· bul ho.•~<><r ¡¡,,, 
... y be.on< Í> <l<ilfly COIIC<UI<d hct< v.ilh ""U"><t >i<wo• -

or "'"'' \iocl 
Fot a ...,.., pc"fl<lrali., .r..ar .. \oal<f• pie~ up"i"nothef 

pie« ol hcrm<noulbl r<tl •nd Ir) lo •l!.~<.'h infoln~i<al 
moonin¡ lo Íl (L..n~e/oh!l911. Thr: 1ut ;, lrom 
()l¡ocli:>DII !my rr,n-1•1\oa /rom" German~ 

"A l.o~~h<r,..neul-.....r ndy>h '""m'" lh:rl thc 
undor"ll..n.l..ble hurn..oo b<ha>io< "'~""'"' <onuia, 
,¡,,..,.¡ .. , 11>< pr•'f'OrlY o1 unJ.,,¡,nJ.n~. t><in:. •• 
lh<y are, l•n~u..,.- «l.ol<d int<nl¡.,..,¡ im.•~<> Thi< 



'. 

,. ................................. ,... .. 
... 1~.ts h:a1 lO CCIIIC!udo l)g( !he .,orliJ kMwl<d~< 
¡\\'dtd.ol<~~ ~Ín..t wloich lile b<h>•iol h 111 bt 
onolti'IO<ld. ....~ ~ .. ,, be lllld<ntood apÍMI tbe 
uod<N>nd"" o! thi•....., bch:l•ior". 

Tlli< ~itc< o! 1u1 mar. P<rti:IP'. be w>t<rin; u .. OIO'Jlh 
0¡ 1 ttcu,..,ion·lo>in~ <<>mpUI<r ocO.nli>l bul lo "un­
~undle" 1bi< ·p.a~heui phr•,.loJ:r doto oo\ aw<"' lo bt 
<>'f· BUIIM io .. 11.11 "-111 b< tritd. 

To brin& thc l'fobl<m ,.;.hin 11>< JR<p o! inlolon w< 
.. y.<l>rl by a"umiflltbo .im¡.Jt¡t pn.ibl< <1'< whto 
U>< li<.l.,;.,n hch.!• ior lo be u...S.ntood Íl • •Í"'II< <·lo<! 
¡oo ·•e]emtntary nent" in thio ,,.,¡ oo ti\;JI llw: un~cr· 
•l.lt>.hns "'""kl si>< ,;,.. to ..... .,., .. ¡:< 1· Thc ob\<r><d 
t-.:h.!•iof mar""" be t<ptckd utht d>l:ll ~ r<rtc .. ntinl 
tll< <·~<~<>,.lt 1· Wt ""'1- poli dow lile infok>P<ol 
«;u•ti<>o 

• whi<b uf< tllalthc Worm.atiotlllllldcnludi.,ll ,.¡u be 
obl.lio<4 thloo;h • (IIOC<" ~l. S.tJ which "'"'~' on thc 
obU e. and employo !he prt-undm .. ndin.J S d'uri"l • 
P<tiod o! tim< (. Now, once !he ~nowlcdJ<! 1 hao bcon 
¡t.cr>ted, thc pre·undor.,•ndin; by !he ouO¡eet "''f 
<lwlt< to S' • S+~· Thio oymbolizatjon io. ol «>W.c. 
a'leltly lo b< ~nde,.tood irl., inluil.ivt '"n.c bul ~ io 001 

bard lo ima:ine how il <OUid rv011 b< OI(>Jo!ltd in • 
.,;pultt, a..t Uw• b< nllldt vCfy <Qncrtlt aod lorm•l. 
~·arO' tl(IW tc:d lO tlw: ntW oqU>IÍOII 

,.hich ,indic•tt• 111>1 lh< kno\1'\oo:~&< f'-wh>:h ;. 
ponerat'Od by • rtitoration of ti>< umt P•·"''" !i) lrom 
tht ''""' ob.orvation (e) but with th< n<w kno .. lod¡:c 
b.cl<irou..t IS + fl-<niOII b< dill'orcntlrom 1· n,;, cor· 
"""""''· pouibly, 10 lbt (tlt M,.,tnWI ~ .. ~~ b< Uod<r• 
.toad apinot lb< uro;lmlandinl 01 thi. ,_., b<llavior". 
H,.., ... il wo irn>ti,.. • cofiiP\Iltl' <imulallon ol 11>< 
«¡11:uion 1 • ~e. S. tJ-which wc do ;, ordcr to Uy to tnt 
our und<,.landm¡ in a <Onmtf: way-lhtn wo ,.ould 
think ni S •• b<in; rcpr<untod by , ot1v.ork d•W 
>ifiiCtur<. S (t.f. a .Cm>.niÍC nel-k~ •od th< uodtr·· 
Wodinl procon IÍI ""uld rllobli.h "" int<p-•tioo ol 1 
witb S. Thu1 f v.oulol he ttp:tuii!N tlu'ou~h S+ e. TOtn 
it would bt natu~alto a computtr .cientistto '"umottr.t 
tht modd "ould bt •uch tllilt tht teptlrlion ol tht 
fi!OCmliJ: !' • ~e.S+I.II would th:ut¡o ..:.thi!\1 11111: 
tllat i• 1>< miplt "'"""' ~e. S. tJ • ~1. S+1.1~ H.,...., .... 
~ i• e10y to conceivt of • <llanee oflhe abo•e modtl. la 
lo<t, the oqu.tion ihelf '"~" 1 moro compitA rnoJtl 
becau,. lht tWttt ol time: lor intcrprtl•tion 111 ou,ht to 
bo t<l'f<><ntN lll\0. A modilit:•tion whi<h •urg<•l• u ... lr 
¡, IQ. ~ S 1t1 be .to;od on 1n •••iliuy •toro •nd to 
be u;uchcd by 1he P'"""'' IÍI wh>:h br""' r<l<>•nl 
p.tllS of Íl into m.. in <ne:IIIOf)' (torre•pondi/11 to '"" of 
hi~her '""'"""'in tire hum;ro """""Y~ Thu,, lht timo 
<on\lrainl (IJ ~·ill r«trir:Í tho timo aii010td lnr '"""in 
th< b-.r<:lin¡ >lllrt. In tJri, modilitJ mo.Jd th< p.rtl ol S t t 
th;rt re>irl« in O'l.lin ,...,., m.y ••U b< Ji•tinc:t f«tm 
I>DII II01't powrful tllourJ do:tt wbit:• r<>ulitJ in tbt lirll 

"""'ÍOfl nf !i~ ('oonpo..Jinp~. f' ~~ulJ t.. ,¡¡,,~n.;l 
fn><n' ond •ouldb< .....,uterl •~h• ... m.Jnlic ,..,~ • .,l. 
- po•·tf!ul u... l ... "'''"""- •ith «•r<'l '"ti>; 
uodmt>od•"'' of e. N ..... do>rly. tlw m .. Jrti<.l m.-.kl 

00.> "''"'""' ~~:n,."' the pier:tof 1<11 b¡ Ar<l lhJt ~• 
••• diKuo•ln~. thot<¡;b il is douh!lul ":h<lh<r lhi• «•n· 
otructod m<.rnin¡: ... int....ttd by 111< ~utl>o< 1 ~f'<ll. 
Nnt<tbd<•'- our bt,..rrulic>I<Ur<i-r •1'1'<•" 1~ luu 
beon qu~< """"<fui ia ,......,tiol:....,.. <k•r<• un.kr· 
>1andin~ ¡., •en •• '"l'l<"illl'"""' Ílll<!<>hn~ r<•<>r<h 
ol •n •rtill<i:ll inl<~~< l.ind~ 

Th< ph<nonltt>On tllitt "' i'>a>t ju\1 di''""'J "·in. 
ddent•lly, • oímpl< oumplt of v.h'll i• oon•<lim<, rd<r· 
f<d 10 1> th< Mw,,..., .. fflllir<!l ~ud.M. 

n.. inl<rprtt:ttiorl .. porimonl• .,..s. ab.>•e ifl<li<>to. 

throuth th<ir ""'u"' ,.,ur ... th.rt h"''"n'""'"r '"" 
olrou!J lw ~i··•n •om< ultn>i•t >IUJi<> ~) inl'''"'·'"~" 
onaly•l•. Th< •uthoro o/ >u>h IU!< ma) ool h< JJmin~ ;ro 

'• >cry corw:r<lt, <~ot<rilll lfpt ol unrler-t•nJinJ 
Nt.,tth<tc: ... '"'h • <oncrttf: uodt,,.n.I,.J .. " <>•il> 
po .. ibl< tn rt•ch in th< :r,N,., inl<rpnl•t~•n <lf'<l~ 

menl>. Funhennor<. thi> bote..,. pootfblt •h•~•¡;h U• 

plicil htrm<n<ulical •«"'" o( con\lrUttin~ mo.mrn¡ oh,t¡ 
diJ fil in thi• oot<mpl Th< outcorn< ol the •~'~•'"' .. .., J 

deeper und<t•landin¡: o/11>< PI"'"'' o( inl<lf'ltiJI"'" h 
"'"'' , .. ..,...bl< to upo., th:ll ... ~~e:. •lre ''""'" '"''"' 
ol h<tft>t<WIÍ<:>I "'"· u><d ill th< "perimtnh. lum<J 
oulto be quite l><lpf\11, more ~.,.¡w lnov. kJ~ •h,•uiJ t... 
obl•int<l (¡om m01t ut<n>i>< <lu~i ... B"""'' htt• 
m<nutic. io "'Y much 1 m•U<r o/ M,;.,., .. of '"'""" 
and th<ir rta..kf> ~ appt3ll lO be po!tnllo~ll! ..¡,.,. 
,.,... .. lor moro uton>Í•r OI.W.O< of """' ,;, .. ,- •• 
rtlatN lo th< ""' of dat• in informa<ion >) >l<m•. 

Proct1!·0iirnr'li, ;,.., on JariJ •nd uur 1 ito't "" J••• 
11 "" poinl<d ""' in 1 L.on~tlor•(ll. S«oion ~ I~.C.1 oh..! 

~;,. •d•i .. ble1o 
"""'b "" ol tire f>Ct !lul tlw: rt<Oid ;, unÓQ!.<I) 

defi110d lo '""'' "'"'' ~.' {rlt 40d ro "''"' """' ¡., r~< 
a<'IUII pr<><t». Thuo on< >hould luvt • ~.,;, rtcotd 
dt><ripliOII ~hi<h ;, rJt~n<d by the file .rnJ •• '~ 
dítional ol1uctural dt..:riptioa ~h.:k •dJ• .... t~ tt" 
ba•ic tt<ord deo.c:ription. Onl1 lh< I:>Utr ~~•IJ ll><n 

luo~t to be dtfiotd lor th< P'"'"" M. 
Th.i• Nlca ~ .. al"' forv.ardtd in IOUc(~ll ond luo 
much ""'" t<Ctntly boto t•ktn up in lht d .. t.r b.o.,. 
m•ru~ment !)ll<m' ~orl. For in•l.rnct ohc •·b.,,., 
record Jo..:riptioo" <0111'<¡>1 in tt..n~tloro(l(t ¡, •or¡ 
do .. ly 1d11ed tif 001 idtoti<all1o 1he Mphy•io:.J llru<· 

IUr<M or lO ¡¡,. ""on¡o \<h<nlll" ol tht C'OD~SYL 
DATA DESCRIPTIOS LA!'>Gt:AGE C0\1\IITIEE 
1918 IM<t.-ide•(ll)l.rnrJ oo~ CODASYl r<po11• rJunn11 
tlw: 1970!, uo.~; .... lhcrc i•. etc: ....... mbl .. "'' t-e· 
'"'"" the "adJ~ion.l, •11u<U.rl"oll dt"ripC•,n", m<ntiotrcd 
.ro ... •od M~ \lfUC1UftM Of Jhc: "\0/w: ... " 1.011 Jhc: 
•ob\Chen~.~>l ol CODASYL An >lttrn..tí" t<rm to 
"•ub"h<m;o", propo~td by IASSIJSPARC(Ilh j, the 
"t<tern•l \Cirema" •nd thc """"'"" "< Utrn.rl 1<• tl" of 
lb< d:ot• D:,.., architccture. In 11>< ¡>,i»SUSP\RC 1<1· 
IIIÍnolo~~ ,ti>< "bo•ic "'orC dt"rirtioa". tl><noionr,J 
obov<,CO<r<>¡:<>a<h to 1he "inlcr ... lle•d··. Tbt "t•!<rn.d 



• 
tevd" ;, ;oid to bt concernod witb "individuo! U<c:r 
,¡,,..,· IO.tclnl~ 11;,. 10 be 1101ic:td tilo!-;,, hrrc, 
concerned with u ... •"'"' of lh< dui t.. ... 1101 ,..¡¡¡, 
""' WoriJ •Í<w• Of infolo1k<•l U\tr vi<•·• thc>J~h, U,. 
fOIIU .. tcly, tbi- di!o!ÍI>Clio>a ¡, u-.u>ll~..,. omli< dtat. 

The rommon Q .. ol th< term "U<tr wiow" 'on lhr ""11 
t..•• literaturo <Mplop lh< idea that 111< dato b>,. is 
madeUÍllf; pul of tbc >~uld ond th;.t ., Ílldividll:ll uw 
.. ,,. only • •ubp.¡1 of tillo ,., o( tht ~-Con­
-.quently, the "'"' .. ould only •,., .. a por1 of Lhc d>ll 
t>..•• '"'h th>~ ol an thc d.at. oboul • mi-~ eiii~Y. 
eont•inod in lhe dOI• bo>e, •n inJiviJ!I:ll "''" will only 
'"' • •ub<oet ol lh< dal• b>." obic<h and Ollly a subut o1 
tb< propcnie> el nch ol tht-c obi«t>. Thi> ,..y wRtU 
tho 101m "U><r •iew". Howov<r. ~ '""'' imporWII l<> 
t<CO¡nile tlut thi• i< 0111)· 1 very >pccbl ><pt<l of lhc 
u..:,·, ,¡,.., ol eh< ""''Id. h i;r«n <fllin:ly dlll i• 
f<>ll>1ic:ol jn>ifhl llllll tbt informatiol\-which tl>o: U«n 
moy ob10in ftom tht data-i> loi>lly o\epcodont on lhe 
r<R<Bl ~ .. maDlóc: l:adpollflef" of dw: u<en, u .... t.o.~ 
"''"· lt ~at .. !01 tnnl<d thu.if dh.ri11<1 pcoplc ore 
con=n•d "ith dtuinct 1'111< of tht world lhea n<h of 
th<m ,.ould be um:d by~ tbou dW lrolll !he 
data bl,. ltw lrt o<>C~Ciltcd (by .omo:body.el><) wilh 
th"'< ¡>arlo of the ~·orld. 

The uy tht '"'"·a..,. ,¡...,.~ ;, cmployed in n«lll 
doto bne lit<llllllfl: moy be- fwther mu01111ted by 
pre,.ntinJ ''"'"' quataiOon• from O:ut[2H "Tbo nttmal 
><hema dtfio., th< ""''' ,;.... d th< .W, bl .. ~. Tht g,., or..,nt•tion-nth<:r thon informo tino orirntatioll-<lf 
thi> cOn<<Piion of '"""' ,¡..,"" i> funhts uhibited by tho 
follo .. -;, t"'o quoln from o.t<[l2~ '"Sup¡><m that tht 
""' "lnll to ><< the ••me information as in th< 
P AIHLOC namplo. but in the '""" of 1 hletor<:hy 
r>lh<t thaa 1 rdatioa" (p. lllj.. ~Far in<WI<<, ia 1ht 
conceptU>I scherna wc moy h.:.vc 

DO,\fAfN WElüHT NUMERJC(() 

"h<rr., th< «Jn<Opondin& dom•in ia on <>lcmal sch<cna 
to b< ""d ia 1 PUl opplica!ioa cnay b< 4r:l'mtd •• 

DOMAfN WEiülff, FlXEIJBINARY (l~)~. 

U i• clt~r thll the "u~<r's Yicw <>f the o!ata bo,.~ whieh ls 
!hOURhl of U, lheu pie<., of IUI-..1 ><>fnl similar 
"""'U. ,J.,t>.loa>< lil<r>lurr:....;> VCf)' dil!tr<nl from whu 
th< Wlll ... ..,. .;e,.-~ would '"=''' from •• infolo¡icol 
~l""l¡lf(tivo.. 

la Codol[JO] lhe,. iloootber il!011rotioa ot tht d:oll 
ori<nted """Y ia ... hich ~,;.,.., of lh< dala~ arr in faC1 
tr<:Uod in dJla b:n< ""'Lo: ·•f'<lt •pplication 11f'11"'11'!1 
tlul do more llua ..... ly read the .bla, therc .,. 
thc:or<tie:d limit•tion• ,.·hi<h '""" be observed if th< data 
~,., int~ty (includin~ ccn<is~ncy of aU ptrrniuN 
,;,,.,¡ is 1<> be ....u...;..,¡·. Ao w.sb..n ""'· lhr: 
~~hc:~wicallimilation•" totui~ercd ore mml~ tlwse of 
a ru«ly formal Und. No thr:oreticol r;,,,¡talioiU of 1 
l>'l<"ho-li""Wo.lic-<oocq>~u.il ¡..- ·.,rnloP,:;oU lind ore, 11 
all. """'"""'"- Funhr:rmorc. n ><<m> to he '"""'"d thal 
""all p<rmill<d vi<,..,~ «Jul.! be tonoi>l<ol. lbio is 1 YCf)' 

"ro"# •"-~•""ni la rnako. AIMl 0111 pre><al ~ 
indi<.leo tlw U ;. ~ !noble. 

ln !he illu•t"ti<ln CoJJ """.,.. thul '"thc: cornmunity 
5eh<rna ~ to:~t>.ins tht rcl:ltioM RIA. B 1 and S( 8, C~ ... hie. 
ol i cm.ia .,..,.111 ~.,.. tbt ~ÍIWI>: 

... 
.-o 
• •• 

ond tllat , "'"' '"'~""''' 1be schc01:1 TIA,B ,Cr ~he re T 
i• !he n:aiUNI join of R wit.b S oalhe t0cn111011 lllrÍillte 
B. Tbe tobul:uioot. of T beaxan: 

TIABCI 
w ,, 
"" ~ 

Now the IIIUmplion Í> <nodo !bol lhe ....,. WUis lO 
delote thr: triplelt.l, v) ond il ~ pointed outlhal if 111: ,..., 
oll"""d to do U.io T •"OUid elwl&< 10 1 rclot.ioa !bol ;. 
tiOI!he jai:, of ••1 l..,. relatloas.. 

Clmly, 111m: isan implied u~llon here tbal lile 
II1U io «Jnr:tm<d wilh how lbo ohla m UOied>-or boor 

. they llliaht be co110eivN of " bei"f oiOrcd. Thio may be 
imporunt lo o ""' who ;, on applio~tion ""'''""'m<l". 
From an infoloP<:a/ point-of-vi<w !he PfOblem illusmt<d 
would be irrdn-onl (Ounibr!y la 1hc obo•e ffiust,.tina 
from Dat<f2lj. From the infol@ca! ptnpttti.o thc: dala 
(Ntcocdd ia !he dollloaS< m tbou¡hJ. of u ~ 
infO<rnation <Riitin (elernentary .,.,.,¡n) lhll ore¡,. 
>lonc:<l of elemenl&f}' inforrnaliolo klndo (<<aooepCo~ 
The ""' npects th< olat>. tao. 10 cO!Ilai:o e....:or.ts o1 
~n:~ny di>IÍnr:l lindo 1nd lhal he will cbloia 1 fi'Op<r 
selet!ion cf th<m on r<qU<OI. He doet 1101 require 1lw 
the olher da11 ¡..,.o:wd•l lppell" u ~ m! he 
"J.IIt> lO disrcprd thr: WJY thc d:oll on q¡rcpted (IIIUI 
n-uy n:lationo 01 hie111rcbiet o.r whotcYir~· 'rhua. '"' 
inu.,.n lhe rd.olioas RIA, BJ ud S(B, C) ..,¡p, bo 
rcprrscm.:otioaa of e<on«p~ .. and lh< {lnfolo¡i<o!) user 
... ould <lP"<I!he ,;.. • .,.,.nr 0/ lhnc to be und"<Cied 
by !he n:qu<OI o1 """" (Oihc:rl ....,. 10 be aJiowod 10 
fOfJCII ccfiiÍII tuplt (sllth •• 1, !, •J 01 o combin>lioa of 
<•rccordo. Furthermorc. if thc: u<er wanto 1111: luple 
(1. ~>)he .. oul.!a~_<arc •·bc:thc:r this il a toplr: ,,.,.. T..­
;. .:ombined from <·r«O<d• rrom 1! and S. He '""""bit' 
aho would 1101 woat lo leun •hout tho """" T ond lbc 
COCII<DI 0/ T. 0. "th< Olher lund. !he pfOblc.os ~­
illtho illu"rotlon .,, real probl•m• otthe ola¡Ó ihc:alhé 
"ímplr:moni>IÍO<I"" i> obout to he d••iarw:d.. ' 

lt ""'Y be of iDI<rnl to loo~ liso ""10 eu.q.le oi 
be>..., iro tilo •INCIUr<~·pr"""ftUil.i"f IÍI<ra!urc, lhé 
~problom •••ir~nmenl •nd .•.. OUf Undr:rllindin¡ ot ir" li 
f<PI.Ied u dtfin.iocthe >~nrc:tUr< of the ohla while, thea, 
a poniculu prot:e»iOII oii\ICIIW io ~•fincd Uacbon!llJl., 
w. qtiOie:: : 

"li) «JasiJr:• lhr: pooblc:m en>itoam.M and I«<fd ...-

• 

' ' ' 
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unok"'"noli"" o1 u h~ dt~oU.¡: u'""'"'~' lo>t !he 
.J,.¡I• IU b< f'O'"""'""' 

(id fotm a r•~P"""' "'"''""" b,<.<d on lhe d.la 
\ICLIC!Ur<>'\ 

11 •PI'"" 11>;,1 lhe undtr\l>nolilll of lhe problcm 
co•ir""",.M .,.Mioncd, ¡, r<i;dN 10 Lho: oblall..v lul'• 
'"""'~'¡, ol M ............ M, Th<a. """' ~ ;.. w;:;n.led 10 

frum a pro¡:ram "'""'""' b:I\Cd oo !he d.ll llrlJ<IUr<, 
1hi• inOical.- tloU 1he aulhor M• a!r<-•dy impt>\Cd """'" 

, _,,...,hl\ ot.>ul 0 \fiO'dfi< p10C ... Íftll:11~ llpOn !líO Mibto 
.-U..:Iur<>-. But ""'ha lllll<lut< rn:~y 001 11 all bt 

inh<""' in !he'"""'"" ol !he infonn:tli>n lo< !he realuy 
l<rr<•<nl<d by lhe da1.1). FO< in<lance reco1d< on storc 
.,.wcm<nh ore r.~ ..... poini..Of·•i< .. indt¡>tndent of 
• ...,~ Clll><r: c:.ch r<PiO«nl< .., indivi.JU>! '""' DI issuin; 
.,. r«ri•int a"'' or pa¡1'- \\'hu it ¡, dn:ided to 1011 lhe 
rr<l>ldt into pon·numb<r orda •nd lo compult diuincl 

'""'"'"''"· thio ""'""" lo impo~t upoo lhc d>!l <Om< 
-.lrU<lut< wbicb rcn.m •·hal one ~-¡~lo .Jo wilh tbe 
J.lf.>. h ¡, th .. 1101 nupri<il!r 11'1>1 obñ iln¡lo!.td, pto<cu­
otitnltd, 11ru<1ure ol the dOlo ca ¡,. "'<'d lo de1crmioe 
1hc slfiJClur< of •he pro~r.rn lor lhi,;pccific •rplicalion. 
But, thc ••me d•l> mo~ be proc .. «d lo>t anotbd prob-. 
1<m •11« impn>in1 quilc oOO!II<< 11111CIUK. Cle>tly. tll«c 
•UÚC1UI« "'' nol inhercnt in lile- infO<mollion rqrr<,.,.. 
tod by !he doll, 01 in the r<olily inf.,.med a!Joul, In foct, 
1h< lypbl uamplfl ol the u<e of ¡he bult: 11n11:1u~l 
<>I<JQrioo: .,.q,..occ, il<~tioa .u.J oclectiofl rellect 
.kciU..... 011 ha-.. 1~ 111\'iplc "'"'" wme dall in order 
lo .O. ve 10mc •P«ilk problom and l~f b:r,. frllle todo 
~ith lhe inlologi~oJ OlflrCIU!< undcflyÍ"ll thc dalt them· 
,~ti•••· Thu1 l!>e ~M:w ol thc d•t• and lhcir relations 10 
rc•liiY ¡, ~~ diotint1 lt'Cil> !be infolo¡:ial (oe "'"""P" 
1\131 •i<w). 11 '""''· r::~Lho:r, doocly r<laled lo thc "u= 
,;.,. of lhe d.loM •• 11\e tcrm i1 emploY.,d in the dota 
hooc liiCt.r;IUr<, 11 1ppfl.n lhat lhC s(NCIUild-Pf{IJ:I'"RI­
milli would b«omc mo:• oyllcmalit:__,.,. >11111:• 
lur<d-il' CM woul<l delioc !be infoloJic:al >lN<ll>rco. 
indcpendenlly ol thc illlended proce.,ina t.n.l, befo,. 
rroc«dirrt lo tbe d<>ilo of the pcocc"illi-orienled dato 
•llu<IUr" lhol on< docs not '""' witb. 

A .....-. ,....,.,1 ~od oh-una proc:n...,.;.oted •iew of 
-··- lhc ioformatior, '"""'"" Uhlro 1101 mcrely ¡be do!& 

•lru~IUICI "~' dc•eloped in Lon~efon!l, lj. Informal ion 
pfCcodencc "IOiion, "e•• an:llyzed b~ idcolifyina thc 
inlo<rn.>lion unill lprecodeot•llh.rl ,..y be uud 10 derive 
•rcciAcd WO<!!Wion uniiL Tbio Plf<edc>>ec W\lellll< 
""'u<ed !:.>th in onler ,.; "'akin11bc inf<llmltioo ,....¡, 
a~~.:~ly.J, •¡·Sicm>tic ond 10 ~ndin1 1h< rccoc-d tnG file 
con<Oiid>lion• •nd proc<u ¡roupinrs that """Id be 
•fficio:nl from lbc dala trmupon (.ceno l. tflloúaJ 
.roint-ol-•iew. Thu• 4>1• de;i:n and prognm 61:•1~ ,..., 
al,. ""'de •¡·•te""rlic by inlormalion preccdeoce ona)y. 
,;,,. !nlorníiiiOn precedence l'fllph'l, con1cn1 ¡nphs 
(<ompull<nl Jr::IPhsJ 01 ..-ell ., ~11< ud .,.ttite• .,...,. 
u.,.d >s 1oOr.-ror dcor:ribin¡: tbc informatior> pr«ede~~~:e 

"""''""· -
~ 

For oomc Y=• !he outhor"1 idc>s of irúOfiii.Uio., o yo­
'""'' 01 "tute <lwcd da1> ba""" h:lvc beta 1hat aD da1> . . . 

"'~'-""'"' 

" 
¡, thc doto tu... -hould tw .,.a..~>~c 10 .n -~M "'"'· 
To tbñ mol .n dato il>oulrl bc ...uptcd 10 •tul io lhll:lll)· 
~d o -r:ollllllllniry ""'""· Acr:o>nlon~ t.> rtr:enl .bb 
t.. .. .:.-rit'nlj!O. lh< .!;la adminh•lf•l•>r i• '"PJ'O'Itd !u 
J<frne!llio c,_,uÑiy ,¡,.,_ Tbi• k 10 b< ok>ot by"'"""' 
of !he """"'rtu:>l"'b<""' uh:lt i.lhe infoi.•P,":II ono.Jdl 
'Thea cch ¡wticu!,.- ... , viow it ,.,..,.~ lo be wn·O."erl 
by a suh.<t of 1he d>l.a, tMt is an>ll$<~ wilh ,.,., 
<ideralio~ 10 1be ~"""""¡"' p:utcrn o .. umcJ 11> b< ••­
ci:.lltd "ith lhe rarticu!ar •= ~i<w. Tbi• .bb IOb>,tt alld 
om.n¡:<mcnl is .. ppr»td 10 be dccbtcJ b)· .,. nl<m:>l 
"'he""'· prc>umcd 10 morlelthc pmi,ul.r """ ~ic~·. ¡>,U 
"''"in 1ho dot> bJ>< thJt aro 1101 wiltúu lhc ~ ot oa 
tll<tmf or:be.,. :ue "'"""'d 1(l be (n;ioi\olc-i~~o~«J 
llllll-<1i>lelll--IO 1hc pollicubr u...-. >>soci:lltd with !he 
p:¡rticu!.u CliCIIW t.Ch<ma. . 

Th• infolo¡rical (<>< conccpt""ll o<p«l> o/ d:rl~. •nd 
i~lor~~~.:~liorr-as wtU u of M"'"' >itwt"-lh:lt 11:1• two 
doOCIIsstd in lllil artlt:l< ilnply some run.halcnt.>l ,J.i,.. 
ovccmc111 with thc C'lltt<M dato base lhr:ot}' n¡>cc1 •or . 
-<~>Wori<al os~ of u .. , •iew•. comrnunily ~i•~ and 
e<lernal or:hcrna. Bclow !0111 a•p<clO art dtt.Criho!d: 

m lf !he dato 10 be used by a ponlt:ulu ""'' 11:1•~ 
bc<n mDdifltd ia ocder 10 be COIISi<l<lll ~ilb somo liod 
of -commullity vicw", tbey ""'~ be unintcllitib!c to tho 
"""·no m>IICf wMI dota ••lection •~d r<>ttOO$Cmcnt 
i1 lnw;aht aboul by the UIC Cf thc Ul<mlll t.Chc ..... In 
Olhct ~ ordo. il .. , H ilrrpcUilM f<> .,.,u """' 4.ot• 
M•hot<ll/Jk-. 

ll) Thc uou'o view of dall dependo o~ hi• ,;,,.. of 1bc 
WO!Id. To such a •ic..- one ot O>otC ltll of dall may t-e 
odapt<d. Tbc "'"" maY theo .,..."' 10 .,.. thc ...,. dato 
forlhc ...ruti>o o1 dilliiiCIIIIh. O.ud"" rM 14mt ,;,.· 

af <M dolo be "'"Y lhUs Wlnllo P~U thelll in di11in<l 
~·J\'1 ond, for that¡ca<on, he maY want 10 &m!IM< th<m 
dilracntly. Tbis may <oll 101' diuinc1u1otnals or:hc11111 
lll.o~ bolo.ever. l•~>e 10 be baotd 011 thc....,. ""'' .WW. 
l7lt Út!<rplfl.UNM of JDntl dtu• mi<SIIll•·o,, bt Notd"" 
lhr '""'•linfolo¡XaJJconcoplll:liJ ••o rltO.·-IIu ri,..·Jor 
•·lrJrk 1/tt IÚ/la n.,., btu dt¡",M. Bu1 lhooc da!,\ maY 
be r<~ lor proceni111 rcoooos1od tilo oppli<a1ioa 
PfOIIla>m« ""'} >icw !he daLo from the PIW"'Iin¡ pojnl 
of ..;. .... Tbuo, 1bt pro'"""'"" 1111y .-ic-.· tilo d~ta o•· 
oorJinJ 10 how lbey Ue lO be proce,.ed--r01hcr !han 
accordirrt to ..-1111 lhcy ln<lll. But tbc d:rla '""" "'"•Y• 
IIIQII thc....., whilc di11i:nct Wcrcocn uc m .. ~ from 
lile .. ¡, di<lincl ipp!ationL 

flJ Thc ld01 ol ,,,. commurU1y •ic..-. declatod by""' 
<One<plual or infoloPcal or:llcma ha< lo be toplattd by 1 
•Y•I<m of conecptuol lor infolo.:ica!J «he"'"'- Oac or 
more of thc<e or:hemas, irúolotiul/eone<pltlal .,,¡,. 
.ch<mao, "'"' de.cnbc <och infor-mo•iorl .. ha< been 
"""ible lo ubbli>h •• -Community" infocllll>lion. Thio 
canoot bo dedded by thc "data base admiMlflltor-. lt 
mu.z be dclcrm¡,:,.d lhnlu¡h ~ ond neJOÚaiÍ<lll 
"""'"' 1hc n:!enal u<en. Somo othcr lnf~'co"' 
ceplua/ out...:h<mas may de>cribt- inforrn•tiOI> lhat <"" 
be '""'td by dio!inct u,., ¡rouPI bul 111a1 r<quir<< di>­
tiot:l frnnc~f ... remu f01 .r,.tintl U«< ·I'OlJPI. lñi> 
.......... llllllho lr\CfS ..... Mdillincf but RCOncil.ble­
infologicol wM. Thc impriCOtion he"' i> that di,ti~~<t 

·, 



) 

" 1 
u..e" .. m rcquirt dilrU.rt dlll~ ro· obuoin rhc "'"'" in­
lon ... r;..... ¡,~(II<IOim:.rely~ Thi• ;.. lbt c;o..., ol '"Wr<•blo 
i:ll01111:11;,~ hui .., ........ nbk obta. Fin>lly lhorc .,;n 
be lnfoloP.•IIcuO<c~tu.l ••b>che"'"' Jcdarin, ""'' 

· •icw• lh>liOt< irrccon\11..hlt •!Id rhor. h<nce, con,.pc!'ld 
,._ ......... .bl ......... 

,., n.. hypOihtúo--1-rded •bo>r-lt..t Lhm: .. ;n 
be u.cr ,¡ • ..,., rhor vt i""o"'l"lible, impli« thal thc 
inlormotioa •Y•Icm• or Jola bu''" will Ctm,.in "i•i>nd•" 
el 110,_\lwc>blt 11..1>.. 0... t<lft-<QU<OICO Í. 111>1 il ,.;g 
•1-o b< paintlo" ro II)' to .,..,.,. fot lorNI cooÚU<n<T 
r.-tinr •mon~ Ji•lit>Ct •ull•y<~em<. Rtco,nillnt lllir Iocr 
ri/ ir" • ¡,,,,~m,..._ a 1o1 ol ""'"'" analni>. for­
m.oliz:.tion. and •uiflc•IÍCII ··ori •• "'di •• 1 lol ol 
,.a><rÍ:IJ ol l<•h•f 4>ta. ··rol>! d.u. bo<.t inrepity" .. ;a 
be me1nin~" ond impc .. ible, •hile "iiland-Wi .. " in­
l<Jrtl)" • ill •till be Ílnpori>OI-""d u•ict ro ocbi .. o. 

=· 1111 Lon,.f ... - s.:- -W"""''-' ,. "" n-,. 11{ ¡.,. 
¡,.,,;.,. StJtm, BIT 11!6l. 
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Further Analysis of the Entity-Relationship Approach 
to Database Design 

' 
I'ETilR A. NG 

Abll=l-The non<lotorminiulc 01 dotorminiuic en111)'-«btionll1lp · 
moool of 1 ~ ... b ... 1• lnrm:llly ~.r.ncd ... o><<"• '''"" of<llat da<ab ... 
In "'"'' of , oollo<tion oltim..vol)'inJI «bli~n>' !loo «JUI:u or w•k 
enl!ty 10bliono, 01 the '~"' 01 wook <<blio!WIIp rd01iu11>. ~otll 
oond<lonnin;,tk ond dcl<rminillio: en~ly~elo~GDIIllp m<>ldo b .. e !loo 
....,, ouon::tJo lo ohuocu.U. inlormoU"" ,.....,.,.;., entili« oo<f rd•· 
doiWIIpo ""~"'~ e>ll! in ou1 ml<>4J. M írnpto'<d l.lbl< lorm ol lho 
<OioliMI il in!<oduc«< to p¡ovido o de>< oM o<meloo "'"''' view ol 
<lllobo .. L The b>~o e<moepl ol !he enlil)'n .. lion"'ip tppruoeto to lho 
1..¡1<>1 dol.>baso d"lp~ls puwided, ond b. ul<d lo d01l"" li/FrelalionL 
Fooolly, 1 """'"" of r<pr>><olin' pbyoiully th ... Jdaúood, wbkll 010 
pontnled b)' !he"" o/ lho eotily-<<bli<OI~•iP app1<>&<h 10 tho lo9<IJ 
d.ollb .. e d..;p~, ;, P"'><nled. Thu1, 111o entil)'...!otlomhlp opp<O>cft lo 
O.o lo¡lcal ond phyoleal .Uiaboso dool¡n """ oloo be "tJ"oJ. 

lndoz Temu- D<IO<rnlnl"" ond nondt!....,inlom. enllly...,lsdon>blp 
'PI'"'""'· luoeti011al dependeooy,losi<>i ood phy~ul d.ol>b,.. deolp, 
oor<nol fO>rttU, J<btlon.ol, bicruohlal, 111<1 no,....<ok mod<IL 

l. INTI<OUUCfiON 

A DATA model, ~:l!led •he enlhy-telallonsh!p modo!, hu 
}. !>(en ptoposed in [2]. [3]. And lhe rece~¡ developm<M 

of itl u•c for •y11ems•nalysis ~nd deslgn has l)ocn summari~ed 
in (!S], 

In lhc entity-relatlon>hip moJel. one of lhe rn~jor ehar.cter­
iiUes ll thc exi>lcncc of amibuiU, eaeh mapptd fron• an Ontlty 
10\ or a rcl>tio11$híp 101 ínto a ••luc ICI ora C01lc>ian ptoduet 
of v:lluo ~ea. In th!s paper, we sholl describe formoUy lh•t a 
dclermlnisllc cnlily·rcblion•hlp m<>del !s a model, in whlch 
ia~h of \hC a\tribulel b a!lllllly·IO•OOC m:!pping. Jf liU\ttibllto 
i> • many-to-many Olll¡>ping, tlwn 11 !J 1 DOndctcrminlsUc 
modc!. The nondclcrministie and dclerminislic cntlly-telatlon­
shlp models are defincd in terms of <nthy-rclatlonship <elations 
or rclatlom, each Uucrlbcd by a ll!!liJlor or wuk enl!ly rehUon, 
or 1 r<&Ubr os wnk rcl>tíon1hip rcl>tion. aecardlng to tht 
dtiTcttnl lcveb of login! vlews of da11 [2], [14]. h "-n be 
<hown llo~l bolh nondclermillistic ood doterminisllc modell 
have tho &ame mcnglh 10 characlcri~• thc 10mc inform01ion 
aboullhe ro;ll wodd. 

1he OlltiiY-<dationship opp1o.och 10 logicai.Uiabose dcligt<, 
deseribed in thi1 po~r, consilll of illiCe mojor plooses: l) 
dcfining thc omerprise ochcma u1ing lhe entity-<clationship 
di•gtono lhat confuuns lo the doS<.·riplion uf a JJiJbJ•• appli· 
c:.lion, 2) l<>nsbl ing tll.· <lllorptlse sd1em~ inlu on entcrprise· 
user sehcn,, <aUocll!~e cnlily-<olatlomhip rclotlonS,Iuch il~>l 

lo\<nWC!IjO(to,"<I«J jy]y )/, 197Q: ,.,¡.,.,¡ Anrull 21, 19~0. 
Tilo •uiiLul " wllh lho lkp.>olln'"' <'f Cdmrn1c1 S,·kn<"<>, Uniy•<>ily 

, of Ml11vurl, CoiLombLo, lotO 6HI 1. · 

!he oanver$lon of nondetcrminlslie relatlons into de\crm!nlstic 
fdafoons can be danc wllh e ase, arul 3) lronsforming lh o enter· 
prliC-IlS« ~cherna (m di1ectly fro<n tho emetpri~e schon10) ln1o 
a user sehema. The 11ser sehema ¡;an be expre$Sed by o coUee­
lion of ,.gula! or ""''k enti!y reblions, or regul.ot or wcak 
relalion>hip telalions. Thcse relllionl in on improvcd table 
fatm llave a cleor and condse descrip1!on of the uset viows of 
1hc databos.c. Jndoed, the user Kh~ma olso an be expte1$td 
by !he ne¡work, hierarehJc;¡), or rebüun.a.l dlag¡ams (l]. And . 
the trandation proce., frum the cnlity-relalion>hip dl~&r:lm to 
the hicrorchleal diagt:m has reccnlly i)ocn studicJ [13]· \O 

provldc " unlficd appra.ch 10 the loglclll design of th• hler­
orchl~ol modd. 

in dcfinlng 1he enleq:>llse s.:hema in 1erms of 10 entity-rcl>· 
tíonr.hlp dla¡:r~m. one of !he major coocem•ll thll whcther 
thc dl.ogrom conforms to 11\e deJ.Criplian of applicoliorl fot an 
cntcrprlso ( 11) , ( 12) . The olher concorn 111hat whcthcr the . 
rclaüons, obtaincd by uanslating from lhe entily-rcl>tlall>hip 
diog<am, ate "equiv:l!enlly" co~tcspondin¡ ¡o 3NF re!otions of 
the relalionsl model. Within the te al m of 1hese com:etnl, this 
papcr outlin., !he major steps in lo¡¡ical Jataboso <lcsign using 
the enlity-re!Jtionship appra.ach. 

In the cotl!IC of conslrue\ing !he phy1ical reptesontal!on of 
an 6nlity-tebtlonship model, 1 discipUncd d:lt:~-~lructurc dia· 
gr:un [2] il obtalncd by lllmbtlng from \he enlity-re)allonr.hip 
diagram. Jt hos been r.hown that th!J datHtructurc dlo¡ram .. 
can be used to reeognizc thc multivalued clcptndcnte [IJ]. · 
In ~dditioll to !he cntlly-rcbtionship diaa:mn, thll d:ttHtrue­
IUte diagram and thc user Jcherrra"Can be ~~sed ss major campa-' 
ncnls of an lntegrated deJign tool to Ulbl in the pr<~<:eSI of thc 
physical dotab.,• d•sl&n· Thus, tho entlty-relotionshlp sp· 
pr~ch 10 !he loglc;¡) llld phyüc;¡J d:mb:ase deslgt< can be 
tealizcd. 

ln tlili p:<ptr, Scclion 11 lnuod\ICOI the nondelerminbtlc and . 
determlnistic eo\lily-rc!ollonshlp reblloru as nn cnterprlse-user's 
viow of dota. lluth nondcterministlc and delermlnJ¡tlc rcl>­
tloru are allown to havc thc aome ltt~¡!h !o ch~r.c!crizc In· 
for1Il3tlon obaul !he real *Orld. Se~!ion 111 dncribn a ~~ser 
sehonl3 !n '"""' of rcsulor or woak cntity rclaUons, or tegulu 
ar wcok tCio!lonship tdotiorn. An lmptovcd toble fl>nn for 
lhc rcbtionl ls Juttoducod. SecUon IV concludes tll-11 bolh 
delcrmini>lic' ond nondotounini>tic telatloru for lhe nser 
oo:h=• 1~•• 1hc .:~me strenglh to choracu:rizc inform~ilon 
conet:mins onlilies ond f1ll>tlun.<l>ip• whi<h c1iSI in our mindl. 
Scctlon V des,db" on cnl!ty-<clallon•hir opp1W1Ch to ~~· 
h>¡;lc-,¡1 daiabosc Ucsisn: '11 can be uscd tu con•ltuct U1• «la-

,.. • , 0098-SSS'.l/81/0J 00-0085$00.75 (11981 IEEE 
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¡ 
tions ·,. o ""''' vlcw of J01~ In rhc cntity-r<btinn!hlp mudel 
wch rhot rhoir rclollons orcequivolent h> rhc 3.VPrdorlons in 
thc r<l~rlona! moo.Jel. Secri<JTI VI descrobc1 o mothod uf rcpre­
•cnrmg physkally lhc cnliry-rdolion•hip dlaGrJm or 111 corrc-

spondiu¡¡ '""' sdtCma. ' 
' . ' 11. ENT!TY·R~l-.\TIONSliiP RF.LAT!ONS 

In tlds s~clion, we •hall define formally thc no,detcnnlni.lllc 
ond dctcrmiilis!ic cntily-rdotionship nrudcls of a dor•b= 1-11 

an enicrpr~-u$;lr'l vlcw of that databo .. In term• of~ eollec­
uon of lime.vorying rebtions of o¡¡orted dc¡:recs. Wc 1hall 
show !lrat both nondeterrnlnisUc and dcternlinlnic entity­
relationship models ha~ the umc stren~Lh ro charaetefizc lhc 
informodon concernint entilics and rel:uioolhlfl'. 

lk¡/nitlanl: GiYen a collection of sets A,, A,,···,A, 
(not ncc .. <arily dl$!1nct), R is • rdation un the>e n mÚfH is 

a ...,¡ of otdered n.tuples <.o, ·"• , · · · , "" > such !h.ot a, E A 1 , 
a, EA,,··· ,u, EA,. Ser, A, ,A,,··· ,A, are thedontmns 
of R. Tllo •olue n is tl1e degr?~ of R. 

Dejinit/on 2: Le! e denat~ an enllly, whlch J¡ an objectthat 
con ~ dis!lnctly Jdenüfied. An ~ndty ser E is defincd u E • 
{clp(t)}, wheie pis the ~forementloned tell predio;~ te. 1 

lkfinition J: Let E e {E111 <; ¡<; n} b• u collccllon of en· 
tity scts. A rcl.ot/Onshlp set R on:r E is def!ned as R • {<e, , 
t 1 ,···,e,>lt1 EE1, 1 <;¡<;n}. Each tuple ofcntitlu<c,·, 
e, , · · · , e,> is a rtlallomhip. 

The rolt of an entity 1n a relatlonship Ir the funclion that !t 
pcrfort1>1 in the rebtiomhip. The ordOiin¡ ofenU!Iesln the 
dcfinillon of rebtiomhip con be dropp<d lf th• r<>l« of en ti· 
tics in the rebticnrJlip 11e •~p!idtly •tated as follows: <r,/r,, 
r,/~,, · · ·, r,/c,>, wherc r1 1s the role of c1 1n the relation!hip. 

Examp/t 1: U:t e denote an entity whlch u.im in out 
minth: Enthies Qn be cl.:wificd into different entity type3; · 
eoch emlty type conu.lns 1 sct of entities, each sotbfylng a 
sct of prcdofined common prop<rtics. Tho set of entlrles ls 
colled an entity se!, sudr as EM ~~ay tE, PllOIECT, rAilEI<"Ill, 
and •o forth. Bccausc of diffcren! predefined prop<rtles, the 
entity sets are of different typu. Thus, we call an entlty set, 
an enuty typo. 

In genero!, there wW be_ assodotlons or rclatlom•hipt.lln~g 
!he basi<: entlties to¡ether. For u.ample, u shown in Fig. 1, 
a MAR!ltAG~ is •· rel;uinnship between two enm!es In the 
~mity ..,¡ ¡ARENTS. Their roleo aro llUSB,;.Nn and w¡~·t. We 
shall call JMRRIA~:>E a relotioruhlp set, ora relation$1\lp type. 
PROJ·DIP and PROI•MANAGER 1/C \Wo diffeten! typ<3 of rela• 
tion5hip 1<11 OYe! \WO entily !Cll PROJECT and EMPLOYEH. 

Fig. 1 Js on exten<ion of the c•tlly·relationlhlp di:~grommotic 
OOl:llÍOII Íll (2). The Cntity SC\1 PARUITS and CHILDREI< lle 
sllown as double r<><:tangular boxes, each of whlch ;, con Meted 
by a directededge from the entity •et EMPLOYf.E and the rela· 
tiom!lip sot E (cxistcncc t.lcpcnt.lency) •nd I:MH:HrLn, respec·· 
rivoly. ,Thc t.liagram expresse• !he uistenoo and !dentifiatioo 
le pendencies of the entity ...,¡ PARENTS on u.tPLOYEE; Ir indi·. 
coto. tb>l the existen ce of ony cntlty in the enti!Y sct PA!<F.NTS 
dcpenJs on thc corro1ponding omity tn the entity sot f.M. 

PLOYEE; ~••l is, if an employee k~\'el lhe. coml"'ny,lús 
pawm may no long« be of inlerett. h ~bo lndicateo th.lt 
paronts' oro tdentifiod by thc!r own nomos und by the >alucs 
of !he pnrnory key of the empl<>y<u •upp~nlng them. 

-• 

lf a n:btlon$1\lp ~et E, repmmted In a dlsmondWped 
box, b inuodu«d between "!he entl!y setl ti:lo4PLOYEE and 
CH!LP~EII, th~n it exproues tho cx.btence dependency of tho 
entlty set <;f!!LPREII "". Et.II'LOYtl1., and lh• !dentlflc:uloo 
dep<ndency of !he ontlty set ClitLDillll on EMtLOnE dou 
no! uist. lf !he same dlamond-ohopod box hu the n.ames E 
ond EMP-c!IILP, then the relationsllip set EMP-ctHLD of tht 
enlity KU EMPLOYEE and CH!LDilEI< jndudu \he exbtenco 
dependency of the emily !el CH!LPREN Wl EMPLOYU. Jfthe 
1:1me di•mond-ohaped lx:ox lus tho nome EMP-ctltLD, then tho 
rolatlonship ¡ot EMP<;><lLP indude1 the uisten.:e and identlfl·. 
o;ation dependenc¡., of the en ti! y sct CHtLDREI< on EMPLOYU. 
Wlthout thb diamond-slu.p<d box, l! indicates the nlstenco 
and identlflcation dep<ndencles of tho entity se! CtltLDREM 
on EMPLOYE.E. 

O.ji11itlon 4: A IJilluf ut Y 1s deflnod u V • {vlp(o)}, wher• 
p !s <he aforementi()Jied tut prodkato. 

Dt{lnltion 5: U:t E • {E1 11 <; 1 <; n} ~ a coUectioo of fi. 
nlte enlity sels. U:t V • flí!1 Y¡, ! <; m,bea Carte!Jan product 
cf VD!ue ~eu. U:tR!; n;.,E1, 1 <;n. A mu/11""/ucd aurlbutl 
F Js defllled 11 F !;R X V. lf m •l, then Vil a n.Jue se t. lf 
n. • 1 , then R is an Ontity nt ,and F ls a ma ppingfrom an ent!t y 
¡o¡ lnto a value ~et or o Cartesl.tn product of valuo 1et.s. lf 
~ > l, then R b a re!arionsh.lp set over E, and F b a rnappln¡ 
from a relatioruhip set lnto • value set ora Cartuian product 
of volue sea. In particulu, if F 11 a functinn which mapl R 
lnto V, In notalion F;R-+ V, then F ¡, called alinglo."alutd 
111/rlbtt/t. 

!;x~nrp/t 2: Cons.ider thocntity seu PROIECT and O!PLOYEH 
and their relatlon5hip sot PKO/·EMP, shown in Flg. 2. The al· 
tribute ST,;.MTtli!l·OAT( b the date that an omployee staill 
work!ng for a pmiculn project, and the atuib~tt S<IF·Tllolt 
is the percent~B• of time thll an omployee il expected to 
spcnd on a partkubr projoct. The conc•pt of altrlbul<s of a 
rebtlonship b Impartan! In understandinR the semantlca of 
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NG' ~NTI1 y.¡tp: LJ¡ TIONSIII~ J,I'PRQJ,LII TO IJJ¡ 1'J,uJ,Sf. !l~SIGN 

•• ' -"!! • - ··~ ~ ... . ' -Wi!b'" ........ -- ••• --•• ... 

FlJ. l. Voluo 1<10 of difforont 'l'P" and ottribut<> of ontity 1<11 a<l'l 
r<411onli>Jp.~. 

daU. Thb eoncept 1s simllar to !he relatlonship data In nei­
WOik (CODASYL) type database systems, 1nd sim~at lo the 
Jmemction dota In hierard1kal !)'pe (IMS typc) databo.se 
systoms. 

In sorne cue•, ao atulbute moy have more th•n ooe nlue 
for •aiven enlily. For hltla[lce, lh< PUONE·NO ofmemplr>yeo 
x m:¡y h"'• moro !han ooe l'llluo. In thi• case, we put 1 :N 
be.¡ldc tho arrow to Jndicate Lhat lt is a multlvalued ottdbute. 
lf the horile phon~ number• and !he office phone num~rs 
of !he" employees 1re of Jnterest, then uO~IE·I'>ION~·NO X 
oFnc~-PUONE·NO, which i• 1 repeating group, may be llken 
inlu cunside,tion. Doth vector (the Cau<mn product of 
v:¡Jue .. 11) and re p<: alin& gioup are dala·•¡;¡¡reg.>tes of differeot 
lypes. fot !he IO!ter, both IIQME·PHONE•NO ond OH'ICE· 

PitDNf.·ND are ref~rred lo ~ indívidu>lly addressab!e groups 
of doto irems. Thus. in rhe emiry-rdolion~lip diagrarn, both 
ll0'11:·1'!10N~·NO ond 0FFICE·l'H0NH<0 s]\ouJJ be CICaled. 
E;¡ch of the;c atttlb~1es maps !he enrily ,.1 EMPLOYEE !nto 
a ~o!ue set PIIONE-NO. 

/Jc/111ftlo11 6: An mtity-n/41/0iis/t¡p c/Wtram {ERO) 11 1 
diogram wlúch ca~lisu of a collecllon of onllty set< and reJo· 
lionshlp JOts and rhelt associotlons, which are in lhe uppet 
concepru>! dom.>ins, ond !he ourlbure. ood r.~lue seu "'h!ch 
are nocded 10 describe lhe ptoperties of sorne of lhe enllrtes 
ond rci..Jtionshipl whlch n1oy be ofinlercll, In tltelower con­
coplu:t) domaim. 

l:."xlllllp/0 3: Fig. 1 Jl)ustrates tl~e mociarlons of the emiCy 
and teblionship scll. Fig.:! illultrllos the attrlbu101 ond volue 
<Ois nooded ¡o dc..-rlbo the propenics of 1ome of the entit!OI 
and rcbtionships whlch "'"Y be uf intcr<SI loan cmcrpri<O, A 
di"groru of Figs. 1 anJ 2 is ;m ERD. 

D<1in/ti<>ll 7: A IIOil<lcl<'mrilllsr/c entity"'C/otlomhip I"Cktiotl 
}.( or'<r C(NERR) ir deJin,j ooM • {l:.",R, V,F), where 

C • {Erll .;; i o;; u} is a cullcction of cuonrable 
entity ,.,ts, 

" R t: J J €1 j¡ a prod~Jinod rc!JJirn~<hip 'lel over F.; ,., 
lf11:!, lhwR~~P. 

V~ ( V1j 1 .;; i.;; m) is ~ culloctiun uf counllblo 
v.lue sol•, 

" 
m O 

. F •{F1]F1 t: {C. UR} X n V¡J' l "'g¡ <pl, 
ls 1 finice 101 of multlvalu~d allributes. 

le! E1 be a tlnlte se! of dlnhrct entllie¡. Let Ej andE;' be 
sub<Otl of E1. ¡f R 5;; e; X E;', then we 010 always wrlte &1 
In lo emity lelo Ej ond Ei'· For thls re.ucn, withour Ion of 
gcneral!1y, we 010 lmpoo: 1 restrlufon thll.lf E ls • ~nglelon 
~el, then R = ¡p; thol is, no relotlonslúp ul ls to be defincd on 
the sln&ioJon set f:. 

Wc rnay testr\cl F 11110 a MI of fllncUons F1• Eich F1 ls 1 

funelion which maps an cnUty se¡ ora predd!ned re!atlooshlp 
sol R loto a v.>Jue set or 1 Canelltn producl of val u e seiS. 

Deflnll/on 8: !u M, Jf F• {f/IF1: {E~ UR} ... llj~, V¡l' 1 .;; 
u, < p} 1$ a finito .. , of auribucea; then M b uid lo be" dtttr- · 
mln/Jtlc emity-rtktlonsJriprtlt:tiotl M o""r E (DERR). 

De/lnitlon 9: A determinbtlc mi!ty-nltlrlon$h/p modd 
(DERM) i.i dofrncd as a coUeulon of determlnlsllc ent!ty-tela-. 
ticnshlp ¡ela!Jons; olherwlse, 11 lJ a nol!dtttrminútlc emily· 
rtktlomltip nwdtl (NERM). 

In !he .. que!, we d!all u .. !he term, entily-<elltionsh!p ula­
tion, Jf the nondelermlnilm ond de¡erminlsrn are not needed · 
to clarlfy. · 

!t olso shou!d be ncled 11111 the entity-<elttlonlhip relalion 
M • (f:, R. V, F) 010 ~ dlsplayed 111 a rabio fcrm, shown In 
Fig. J, "'·hich demonraotes informalion aboo1 cntities in an 
entlty "t or inform•lion about re!otloo¡J¡ip• In • rclallooshlp 
set. Each row of va)ues is related to a tela~onshlp, which Js 
ind!c•l•d by a group of entiti01, e1ch laviiiJ 1 speclfic role and 
beloogina 10 • ¡pectfic entily se t. E.aclr column Íl rebled ro a 
.. Jue oet whiclr, in turn, Js related 10 an alttibulo. The crder­
ing of rows {tupln) •nd column• !s lmJgnific~nl. The whole 
tablo lhown in Fig. J Js a deteunln!stic emily-<elotlonlhip 111>· 
(ion, lf ea.:h dlslinct rclationship hll one llld only one tllue " 
tupl•. · ,· 

lo Flg. 3, th~t bolh !he relallon nomos •nd !he relotion 
scheme In the tJblc are used for de¡crlb1ng lhe structure oflhc 
tolauon M • (E, R. V, F) ls called llllncenúon, whkh is stauc. 
That thc t<latiotrl fn !he table 1re UJed for denotlng a sel of 
tu pie¡ ltaving 1/re applopriate 1\lllCWIO, Íl ca!led ilscxlcnslon, 
!n lh/1 popc1, wo sholl use !he tono rela1ion ochome to refer lo 
1n lntenlion,' th>l ls 10 tefer lo 1 lttuctutal description of on 
entHy-<eJs¡ionlhip rcllllon, and !he tenn relaUonollehema to 
refer to 1 ccllecLion ofintention•. 

Examplo 4; The emity-relotionslllp dl~gram 1hown in Fig. 2, 
CaJl be org:¡ni:l.ed in a cuUeclion of uble forms,thown In Fi~l. 
4-6. Thcy cont•ln lnformotion about enlities In the cntit)' 
se u, utrLOVEE ond PROJCCT, 10d lnfounstion about teloticn­
ships ~twten ;wo enlily sets, EM~~OYEE ond PMOJCCT, in J 
rcJaliotrlirlp SCI t'ROI·~'!P. !tt fig. 6, !he allributes ST J,RTt NC· 

D"TE And ':" ... oF·Tir.tl'. "" the amibutes wh!ch m•p the r<b· 
tionsltlps uf !he rdoclonshlp se( PROI·I:I.IP into !he .:liue sea . 
J.IONTit X DJ,Y X H.j¡/1- ond %-ot"•TtMf., IOSP«ÜYeJy. Til<j'· 

are ncilhcr lite 'tlribulcs of Elii~LOYt:li nor 1ho ottrlbute• of 
rRon.c-r, duce Lh<it m<~nlngs depend on both 1he e.nPicyoc 
ond pn>joct> in•ulveJ. · 

In ti>o rcnuinitrg secrlon, wc ilaU &how thot both NE~M ond 
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fis. 6. A noOO"'"'"""'oc '"'''Y•f'tla"onohop rdauon, '""t.O'U"""· 
POOll~:" inlorm.tion ot.ouL rolatio.,..ipo i,o. 1t.:: 1<latio....,p Id 10(1.1· 
"W· 

!JER~ h~v.o th~ same stronalh to characterize U1c informatloo 
oboul cnliti<$ ,\Ü ~ givcn cniUy sot or th~ inform>tíon aboot 
rd~tiunships of a gi-.en rd~lionship se\, Given any of thew 
entíties ~nd .rc!JLionships, the os.oda!cd information c;¡n be 
r_ctricvcJ in ~~ <K~jl.t ,for111.. · 

D</inifioll lú: T.<:t ~-be on c111ity Jet. Le! R !:II?.1E1 bo 
• r01:nio11i.hip ,,.¡ o•or a e<>lk.:liun uf enthy setoE1. l <;l<;n • 
l.et F~ {F1[F1;;: {l;'u H) X llj!, V11' l <t<m, 1 < o1} be-," 
oct of altnbu IC>. U:t K " {F 1, F, , • • · , F~ [ l ..:;u} bo-a subsct 
ofF. 

'n1en, for any e in E, rh~ GfH!m/Or K o{ m emity t 11 urmod 

• 
K(e)• {F1 ,F., .. · ,F~}(~) 

,. (F1 (e), F, (e), · • ·., F~ (~)) 

• {(J1"1 •. ~,, • • · , JI"~)¡,.., E F1 {~) and 

,..,eij v,l'_l.<i~~}-
Let r be a relatio!Uhlp <e, ~••, · ··-.e~> in R. Tht GPQJI­

tor K o{~ relatWmhlp. "r. !s 4~rwci:.• 

K(r)" {F1 , F, ,. • -:.F,;}_(•) 
., (F 1 (r), F, (r), · ·- · . .F,. Er-)) 

.,{e,..,,_.,, ... ·-·~~)l;c-,oE,O:rfc) !lJld 

-~~E P. v,,.:l~/"1}· . 
Dt_finlt/on 11: Let 'M • (1: •. R. :y ,.'F') bt 1/1 .entity-rdatlon­

Shtp relation. Let x be u lup~ (x1 ;~1 , • · · ,Xn)· We uY tlat 
the tuplc ;;, "" lnformatlon uf an entity e In !he entlly sel E 
(or an information of 1 rclotlorulllp r in the rel!tiotUIIIp 111:1 
R), en be dtri•ed from .11 if.F" {F1 , F, , · • • , Fn} illhuet 
of amibutcl ol M su eh that ;,:!S,F(t) (or x EF(r)) io.lnM. 

Dtj1ntrioll 12: ·Conlid~r ·two eotity·r•la!loruhip :~loUOil3 
M • (E, R, V. F) and M' " (f': ,[l.:,.v: .F'), whc~ E--{E1 ~¡_,¡;; 
1 < ~} andE'" {E;I 1 <l"'m}. Let.S~f' ne'. (IU~ 1tu1R' 
~le not ompty, then let R_"(.SX.n'j.. 1E¡. whetc J40q-<n, 
E¡ e E, and f.i t, S, wd · l~t.R' _s;lS".XInf-,1 E), wlll;¡e !1 ,.;p-..;: 
m,EjeE',andEjt-.s'J .'. . -

We u y thtt M preunes M' ¡md~r}> if.and only if.Jny·Jnf!IJ• · 
m~tlon (" 1 , x, , · · · , x.) cf s ln S, that QO be !ler!ved ·fr<ml 
M', can abo be derlV<d from M, wltere :1 ,.. k-,.. [F[, _¡ .... k< 
IF'I, and;,;1 en¡!, V11 andx,-E n;l1 v,~. v,

1 
e v.~.v;1e V. 

We s~y tholl M <trortgly preJ;eti'Q M' under S lf ~rul.llll y.lfM 
pteserl'C5 M' undet S and M' ~loo PteX~VtS.M ~n!W.SS • 

Let D 2 {MI M" (E, R. :1', 1') b an entity·ulationlhlp.-td!­
tion} llld o' • {M' IM' •-(E' ,,R', :V',.F') ¡, an entityr<li1Atl011· 

·ship telation} be !he entlty~~l~tlllnlhip·mo<l~ll. ll..o:tJS',.·{-:.'~1 
for """'Y M • (E, ,P, -v, F) in D arui.M' .._ (E~, ;,r'_,:F'·) Jo.D~ • 
S' r;, ¡; n E', or fue ~\'.C'Y M"" (E,ll:'-.1 E¡. V,.F) ~rul.llt'"' (E:, 
nr.l E/, V', F'}, S' !;, {E¡ U ·<1 < p} () {E/11 <J<¡;.q!}. 'Wt. 
~.:~y that rht model D pre~ ¡¡,'~.modtl D'·und~~rJS lf .and 
on!y lf, for •••JY entity .. ~lati!ltUh!p 11:lation l\f'·m_:v~,"\Mn! 
conesponds 10111o entity-relati!:nuh¡pm:llttilln M in.Ll..1~h:llutl 
M presenes M' undor S'. 

We o1oo saY thot tht modtl Jj)-$trorrgiy pteervc ·tM -modld 
J)' undu s if ~nd on!y if p ~~~J)' u\lllQr.S.,.il!ld.D' ~ 
SCIVCS D under $. 

11 oho~ld be noted thot, in modcb.D ~!UI.D' ,S ls-u:olkctiQil 
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1'1 m n:., v;, l <:p, for lOme v; E V,ond F~ ;,;;_ ¡.; 0:: nr~, V~/' V: E V} ;, thc primory key, onJ F: {F¡I for 1 < 1 <.q, ¡.¡ {;. ' . ¡.: 1!1.) X n j!, V1 , ¡ < u,} ¡, !he .el uf omibutc,_ 
D·1injtion /k, In M11,6 ·, if F• {F,I for 1 <J<q, F1: 

K¡R) ... ll j!, 1'11' 1 <: u1} lo Jhc 1~1 of auribut<s, thon M e,E' 1• 
!WiJ ¡o be~ de Urmlllist/c , • .,A: ~ouiry rcktio11 ()JW~R)M onr 
5 ""'/E', 

D<·¡i¡¡ilion 19: U! ll'•{ll1il<:l<:11) he o oollection of 
counublc entity seta. L!t K1 be !he prlm>ry koys of !he in· 
vohcd cntiti01 in !he enUty set E1. 'Then a IIC>Itkt~rminilr/c 
rcpr/ar rdatlon<llip relarlon {NRRR) M ov.r E !i ddined as 
M 11 • (K, R, V, F) wllcre R ;,: !1 Í-1 E¡ is o rebtJo;.nshlp set over 
E, V• { V111 < 1 <:u} 1s a set ohotue >di, K~ {K1 ,K1 , · • ·, 
K.ll<n, ¡.;;¡..;,, K1r;;.H1X!lj!1V1, whm l<v1 and 
V11 ~ n:., v;, 1 <p and for sorne v; E ~}ls tl>e pr!oniry key, 
and F~{F1 1 for 1 <.t<.k, F,.!:K(R)XIlj!1V11' !<.1>¡} IJ 
th< ser ofamlbute•. 

. Do•j'jnillon 20: In M¡¡;, if F ~ {1'"11 for 1 < 1 <. k, F1: K(R) ... 
!! )"! 1 V¡/" 1 <. U¡}il !he sct ofoUtlbutes, then Af E IH>Jd lo> be: a 
cklmuu•islic rrgtt/w rtlotionsllip rtlarian (DRRR)M onr E. 

n,•finition 21: Le ti:.'~ {E;Il <. i <. n} und E'= {E/11 <1< 
m) be disjolnt coUectiom of enl!ly sets. Let K/ bG thi pri· 
nt:~ry key• ofthe in volved ent.ílie• in E;. Let K, bcthe ptimuy 
~o¡i of tite i11volved enllüos in E1. Then a mmd•ttrmil•ütlc 
,.., • .,!; relatiomhlp relatlon (NWRR) JI( ova E andE' ls defined 

as ,1/e,¡¡;· = (K, R, V, F), whore R .!: 11¡':!, E j X 11~1 E11s a rela· 
rion1hip set ove• E andE', v .. {Vd 1 .:;¡<.u} is a coUection 

. oJ \Jiue sots,K,. ¡x;, x;, · · · , x;,,x,, K,,· ··,K. 11 <.m, 
l < 11, for 1 <. Cl e;; m, K~ S,: E~ X llJ"', V0f, whcre l < ~G and 
V01 .. n:.,v~. ¡c;;p 1nd V~EV,and or ¡c;;,<n,K,.t: 

!.",X lljt, v,1, wherc 1 e;; u, ""d V,1 = 11~. 1 v;•, 1 <.p and ,.
1 
.. E V} ls il1c pdnmy kcy, and F ~ {F11 for 1 < 1 e;; k, F1.t: 

K ~)X llj!1 V1 , l e;; U¡} il the sct ofutdbUIIS, 
· Dcflnilion zt In Me.E'• if F~ {F¡I for l c;;¡<.k, F¡: 
K(R) ... llj!1 V¡1, 1 e;; u1} ilthe m ofamlbutes, thenMe,e· b 
.<>.i<l to be a dtótmtinUtlc W<"<lk rtlotioruhip rdation (DWRR) 
.lf ovor E andE'. 

i."<ample J: Fiss. 7-l l demonstrate th~ table forrns of tho 
rcgul01 entity, Weak eñtity, regul01 relationshlp, and weak rela· 
tionship relotions. Thls dcilg¡t of toble forms does pro vide to 
Hw usors a clarlty, simpllcny, and unity of thc conccpt; and 

1he mucture uf thc cn!lty·relatiom.hlp relatlons. 
In f1g. 9, lhc involvcd cntitles In the rcgulat relsllom•hlp 

10latlon ore represemed by thelt prímary keys, ti>IP-JP ond 
~kOHP of theJ¡ regular enlity reloUans, EMPtOYEE•R!:COIIP, 

and P~OJECHNma•rATtON, respectivcly. Thc role rwncs 
provido the sornan tic meonlng for lhe V11]ues In tho ~onespond· 
ing columns. ln the •egular enlity rclation CHI LOR EM·RECORO, 
<hown In Fig. ll, the dependenu "'" identlr~ed by theh dill· 
dron ldentificatlon, CHIto-ro; NAME and AC~ ate attrlbute• of 
•h• dependcn\1. But, 1hc oppcoranco of ~M"LOVEN<lcCORD 
;fti!lated wlth the CHILPII.EN·IIU:ORO indlcatcsth•tthe •xis· 
tence of thc entlty ser CIHLD~f.N depen<ls on E>IPtoVEE. 

llowevor, sinco this exlstcnce tc!at!omhip of thc ontlly sea 

U.lfi.OVEE &.fd CHILDREN WilhOU\ any ldmtlfie&tJOn pi!/· 

poo;e, it mu•t be represcnted lo a Ub[e fotm given In Fig. 10, 

:llld Jocs not hove any attdbulo •nd v•lue. In the tclatlon 

" 
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.. 
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"""' " """' ' ....,,, .... ,. 
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----
F>&- 9. A notldciCnnioisli< rc¡ulo< rclatio~, retaliclo."DII1.0l"Q-(0>0· 

IJOJECT. 

••• 

... 

• 

Fis, 10. A do/ormin~,;c rc¡¡ulaf nlatiOn>lliP ,.l>.lion, UISTENCJ-oi>UDI· 
DII<C"NI<P-CIUIA " 

PARENTS-I<EcoRn, ohown In Flg. 12, the pa1cnt• ore· idontlficd 
by theil names and by the values of the pr!mory l<ey cf the 
cmp!oyu•mpponing them. Thereforc, thcappearancc ofthc 
EMPI.OVEE-RECORD aff"IIIJted Wi\h thO PARENT$·RECQK0 in• 
dicates the existencc and ldentificatlon dependencies of thc 
cntity ICI PAREI<Tll 00 uothcr ontity IC\ u.<PLOYEE. PHONE· 
NO il thc only mributc ofthc paren ti. Fig. 13 b 1 weak ~la· 
lion<hlp rclotion,ln which, YEAR-Q¡.".JotAIIKIACE ls :1.11 am!.bute · 
of the ¡e)atioruhlp te\ WARIIIACE OVCI !he entlty se\ PAIIUHS. 

Each of the tebtlon.W.ps ls ldcntlficd by thc NA.II E or FATIIEII 
and NAM ~ of MDTIIEII. and thcir chlld ••n's ~p.¡ e 1upportlng 



Fi¡. ll. A dctmnitli!lic: r<plot <nlity Ido<~ n"!.l>'"'""''COI."" Th< 
uol< abo oho...,. 11>< ,.;,,.,.., d<pondw:y o("""·"'"" oo '"tLOY.r:>. 

... 

... 

.. ,., .. "" - .. ....... ..... _ ·- "' ......... 
"'""" - - ........ ,,._,, 

'"' "' .,, ..... 
•• 

ña. ]2. A cl<o<nnininio ~<ak <OIOIFr<l>lion. "'"NTS·Om>oo. Th< 10bi< 
ai>O •ho~·• tho .. iun« ond idonuf"ot<on dopondonoioo of ""N" 
on "'"'one. 

•• 

•• 

..,,_,,. ...... , .... ,., 

''""""'" -· 

fi1 ll. A d<l<rm¡,li< ..,.,k ,.loli<IMIUp rtb"on. ••~<~n-><•oot•Ol­
"coa!>. Th< ••bl< &lOO ohowo U><,.;,,,.. and ldoollfiutioo dopon­
donc· .. , of •A••~n on "'''-"'"· 

them. The appelr.¡u:e of UIPLOH~·MI:COIID affili>ted wilh 
the PARUH5-RJ:ConD alsc indicale• the existenco ond identi­
flcation dep<tÍdondcl of the enUty set PARENT5 on anotlulr 
entitY .. t lliPLOYth. 

In conclution, 1hcre correspond• a rolnion (of Jable fonn) 
fo1 leVCfY onlity ..,¡ or rd,tlom.hip ''"in the <tlllly-rel<ltion­
ship di.:l¡;ram. !'or any cmity tct E',tho idemiftca¡lon oflh• 
enli1lc• in E' i1 dopcndom un anot!tor <nllly set E if >nd only 
·r tlw rolo1i~n f~r lit~ ~011ity ..,¡ f:.".' is" WCJk cntily "l•lluu in 

hkh lhe primlly ~<y !s th• ~ombinotion oflhc prlmory key 
in th~ tcl.:uioll f~r H 3thl an atnibulo (m p=ibly • "'' of ol­
lribul«) in ¡he rolatlon for E'. r:unhcnnorc, if tl10<0 is a rcla­
tiun,l•ip .. , R ovtr lhe cnlity .ct E' ond othon, !hcn Oto 
••l"1ion fut lh< I"<~:liotllhip set Risa wcok relotionship rcl•· 

" 
tlon, and vi~ versa. Olhcrwlse, the relatlon for any entllY 
101 or lliY relallonshlp setls 1 reguW emhy rel-'l>n ora reru· 
lar relal!onlhlp relalion, respeclivoly. 

!Xfin/1/on 23: A d•tcrmlnluic tnl/ty-«lirllcnrhip modrl D 
J¡ defined u D • {MI for evoery M ,M ls one of !he deterrniniltic 
types: 1 ro&l'lar or weak entlty rel.otion, or 1 regubr or w<1k 
rolationship rclation). In D ,lf one of the rol3tionsls nondmr· 
mirllslk, then D 1s uid to be a nondettnninbtk enlity-rtliJ­
tlomhip mocM. 

Dcfillitlon 24.- Ut M u (K, R, V, F) be one of lhe regular or 
we.tk rcl.atlon, or regular 01 · weak rei.:!Uonlhip rebtJon. Ut.r 
be 1 luple {r 1 , x, , · · • , -"n ). We '"Y thot !he tuple -", an infor­
matlon o fa tlvcn k, whlch 1.1 a '"lue of lhe prlnt:try key K, cOl\. 
be dtrivcd from M lf Fu {F1 , F, , · • · , Fnl ls tho 1<\ of mrl; 
bu tes of M such lhot xEF{k) ls In M. ' 

Note lhot k i$ elther 1 value In V,. for sorne V1 In V, or • 
tuple In n¡., v1, for V1 In V, llld k 1ep¡esents uniquely ui 
enUty or a rebtionship, rnpcetivdy . 

J)dinillon 25.- Con•ider two relatatlons: M• (K, R., V, F) 
and M' = (K', R.', V', F') wh!dt are ono of the types: a regular 
or weak entlty tclation, ora rcrul<lt 01 we.ak <el<IUonsltip rcla­
tlcn. UtSJ:KnK'. Weuy lha!MprnffllrrM'uJ!</trSif 
and only Jf any inform~lion (r1 , x1 , · • • , X k) of J, which ls a· 
value of S, that oan be derived from M', can abo be deri~d 
fromM, where l <k< IFI•nd l < li: < IF'I, and r 1 E flj!, V1/ 
and x1 En¡:, v;., V11 !n V and V/1 In V'. We uy lhat A 
mor¡g/y pJ"tltrr/, M' under S if an~ on!y if M p¡eserves M' 
under S, ond M' pre .. rnsM under S. 
· Simlhrly, we say t~t the model D pmerveo th~ modcl D' 
under S~ {S'JS' J: K n K'), lf ond only if for every relaUo_n 
M' • (K', R.'. V', F') In D', !he .. correspond$ sorne rel.oUon 
M • (K,R, V, F) in D su eh thu M pre..,rvesM' under S' in S. 
· Wc abo soy tlut rhc model D <trollg/y pnstrrtJ 1h• mrxkl 

D' under S lf and on!y if D preserves D' undcr S and D' pte-
1</VCI D under S. 

lt shou!d bc notcd thot, In thc t<!latlons M ond M',S !s • 
subsel of K, wheteK b describcd by 1 ¡roup ofutrlbuti:s \hit 
are u sed to Jden1ify unlqucly entltie• in the entJty .. t, or tel•· 
lionships in th• relationship sot. 'i• nn attribute value, wh!ch 
1s an elemem of a Ca<tu.ian p1oduet of value ~ets or lim.p!y 1 
..-aluo sel. For thc madel D 111d D', S 1s 1 eolleclion of anrl­
bule ••11 S'; each atuibutc ><1 S' ls a subset of K' and K. 

¡V. RuATtONS>Ur BnwuN ENTtTY (RELA.noNstur) 
RELATION ANO f.NT!TY·RELATIONSUIP REL,.TlON 

In thb tetlion, we shall llmw !hu 1M entlty-relltlonsh!p 
rebtlons an be transhled exaedy into rclotion1 of the use¡ 
schen<a. W< s!¡,~JI domunstral~ tite fact ihll eldt tople of ~ny · 
entlty-relotiOilship rel;uion c~n be. unfquoly ldentif~d by sonte 
ptlm.uy keyl. llask>Uy, ony entlly loy is• group of ltltibuteo 
sud< lhot the .-r,.pping fron1 tito cmity •et o" lo the ..-orrc•pund· 
fng groop of Ylluc '"" b one-to-one. lf wo eill\nut f!nd Jl!<h 
o· onc-to-one m>ppin' on or.tU..ble da u, or lf limpliclty In 
idcnllfy!ng entllics ;, <k>ired, wc moy define on orllficol l\· . 
tríbulo and a vlluc Jet '" tlt.ll such mopplng 1s l""''ibly· de­
fine<!. In the cose wh~re sevor.tl keyso:<ist, we usu;tlly choote : 
• scmonllc;tlly mconin~fulley as lhc cnllty prima!)' kcy. 



., 
¡,, <woin ""'"· •he enlili<s iu "" cntily ,.., ''""'"! he 

trtliqudy idcutiO,•,¡ by rile _,¡.,,., ut ihcir o~ u ,o111 Jbutc¡: thcn 

;, " "'"" u.w a rdali<>Ji!Jllp{•) t<> idcnlify thc·m. l'hcorcllc~ly, 
"'~"Y ~;,od, .. r rdo.üon.tlf¡>! moy be u~o:d '" idconify cnl)Ues. 
n 1c mcdmd ot' i<lcnullcJI i<m of en tilics by rdatlomhip• wilh 
,,,¡,cr cntilics '"'" be ·"PI'iicd rccu,ivcly nnlol tli< cn!lU01 

1 "¡1¡,¡, co.n be JdcnlificJ'by thdr own aluill'ulcs' valuc1 :ue 
,,.ched. Therof<>•c, wc ·n,.e ¡wu furun of <ntity relotions. lf 
rd:dlo,;shipJ ore "'"J for idenlif ying lhe <ntili<s, wc shall call 
ir .1 wcak cntiiY rciJIÍ<", lf rol.nion¡hips ure not u sed for !<len· 
1ifying ~'" enlillcl, wc sh.JIIc•ll it • «!llll>< entHy rd:~tion. 

Slnce " rchll 1>11~¡\p ·,. idcnliflcd by thc inii{IIV<d culirios, the 
prin>ary key of ~ rdo1iomhip can be rcprownroJ by lhe prl· 
;;wy kcys of lh• luvo!vod cnl!tics. \Ve •llo hove IWo forÍns of 
robrloa!.hip rolor!ons. lf 111 emil!es !n !he <OiorJoru!tip are 
i!~ntilkd by lho!r own >ll!ibures' •~lue:s, we •holl c:ill Jt 1 

"~ulor relation!.hlp relorton. lf some<nth!eun the r•laiionslrlp 
>ro IU~rnifieJ by othcr relotlonshlp•, we slt.:t!l coU il o weak· 
"'alhlJtsJtlp rclotlon. Thus, we !tale the followillg. 
· Thmum 2: For ony cntity-rclorionshlp rtbtion M~ {E, R, 
r·. f"), there corresponJs o.re&Uiar or wo•k enlity rdalion, or 
a "8111;" or weak rolorimahlp relaUon .lf' ~(K, R', V, F) such 
that M' mong)y preserves M under K (f.' U R), !loo id~n~fla· 
livn of entitics or rela!ionshlp•· Thc converse is truc. 

Proo[: L:r Mf:,E' =(K, R, V. f) be a weak rclolionshlp 
robriuor over t: and E:'. Then, we can comrruct on enUiy. 
"b~onsh ip re!Ji!on Af' ., (E", R', V, F') u follows. L:t 11 
Oc liUple <o; ,e;,··· , .;, ,t-1 ,o,, · · ·, ••> In E' X E. ú:lt1 
toa Wplo (t 1 , tr, • · ·, ~nlo~l .~,, • • ·.~.)in n;:, 0)'!1 V¡¡ X 
IJ;'., JJ~'' V,, wh~rc V11 ond V, are In V. For oachK(tr)• 
1;, "" ha~ 'E" • (E11! e;;;¡<. !!.fU {l/11 e;;;¡ e;;; m} wch tlu.t 
:1 E E¡, for 1 <i e;;; m and .<1 et'1,for 1 c;;;¡c;;;,, Jrul/1 ER'!:. 
n;~. t·; x n;., F.',. F' E {l',Jl', ¡:¡¡' x HJ!, v,. r ,., < .t, 1 < 
u, ""'h rhat for e<ory /, F, e F ,y, E F 1(K (1 1 )}. wM~ K(r, ) • 
! : is dcllnod by F1 S:. K (R) X 0/!1 v,

1 
ifand onJy if .Yr E 1'1(11) 

" dollncd by 1'1} U {Pj¡l <.¡e;;;,, P; s;;,R' X IIJ!1 V1, l < "' 
;u;h th•t P;(t,)•x1eUJ!, v,

1 
lf and only if ~, e"K;(r1) for 

~,eE1 andK(t,)•r1 ). For c;;;¡<n.K,•(F,ii<J<<>}, 
P;- ¡p;1p <.¡_<o, ~;1 s:;R'x n:.,v;, '"d' '~" r;¡,,¡ .. 
.T, ~ (.<¡,, ~¡1 , •"' ,~¡/·l, ~~/' ~IJ•!, • · · ,.<¡ ) E Jl¡lr V¡/' wherc 
r:,, • llf., v; lf •nd only lf x 1 E K(e 1) • Í),, , F1,, · · · ', F11 _, , 
f 1,F,, ,···,F1 }{~1 ),anJK(r 1 )~t,}. Clearly,M !san • '1 • • cntity·r< ation>hlp relallon Juch ¡Jur M Jlrongly preserve¡ 
• lt unJcr K(R). Simllarly, 11 oon be shown in thc ume n10n· 
,., rhal lhe other rypos of rel.lllons can bo rramfo,meJ loro 
<n riry:relatlonship to!Jrion•, wl!houlloss uf lnf<>llnat!on. And 
sois rhe con""""· · 

Corv/lury 2: For any onliry-rclalionship mod•l D,there cor· 
rc;ponJs D', whio:h containl a colleclioo o( rel:nron¡ M, c:~Ch 
u.,cribed by ooc uf 1he rypn: a regulu or we:.k entlly zcl•· 
rion, or a regular or weak rcl:olionshlp rcloti<lll such lh4t D' 
'rrongly pzescrvcs /) under lho collectlon of plim:uy kcy, 

(f."UR). Thecoovcr.eiflruo. 
hou[: h foUows from Theuz~m 2. 

C.m.>llary J: For nlly NLRR M m (E, R, V, F), thcro corre· 
>p~¡¡Js a LJRER, DWER, DHRit, ur DWII.I\ Al' ~{K, R', V," 
F') sud1 lhat M' wo~gly prc~eives M unde; K(EU R). The 
con•-. rse 11 troe. 

/'"~'/." In lhc l;''"'r ~r Thc~rom 2,11 ''" !>o shown rh~l 
tho '.«:1 uf ullri~ u 1" is lnJoccl a ~et offunctluns, 

Corol/ary 4: Fur ony NRI::R, NWEI{, NRRk, or NWRR/ff• 
(K, R, 1', F), thoto '"'"'·,ponJs o DER R M' K (E', R.', V'," F') 
sudr lhll M' slfolrl~ly IW><IVCI M und.Ór 1\(EUR) or f:.'UR. 
111c cuuv.:,.. is truo. 

l'ru<>¡:· !n th• proof of TheO<em 2, Ir con be ohown that 
rhc se¡ uf Utributes th;t we ho•·• consrruclcd foz 11" NERR 
"'" futtcrlons. . 

Al lhls polnt, we can sunllll:lfiZt: our resolls, whklt we h•ve 
occomp!ished, in lcmn of the foUowing snph. Ú:l M •ndN, 
respcclil"ely, be • nondetezmirrlslic ooJ 1 delernrinlstlc rol•· 
tion, oach desczib~cl by ~nc ollhe typoo: a zcgular or weak 
rebtion, oz a rogubr or weak relotiorulllp zel.otion. L:l Pand 
Q ~a NERR and DliRR, mpeclively. lct M .. N denote 
th01 /ff •·an be lransformed lmo N 1uch th•l N stronsiY pr•· 
lcrvesM undor K(li UR), whcro K lo u sed to ldentify unlqucJY 
enUiiu In the ern!ry Jel E"' rel:orlooUú!" In the relaU.olllhlp 
sctR. 

enterprise-uscr 
acherna 

P ___ M 

UJer schellll· 

Q N ---
V. TIIE [NTITY·RELATIONSIUf MODEL9 VERSUS 

OntEil DATA MoDELI 

In {2] , p 1 ; { 13 J , tho ux of lll cnllly-relatloruhip d!agram 
1• fuily explainod, alons wllh rules and exampl~s for tramll· 
lion into hierazchlc•l or nttwork lltu<:luzOJ. In this sect!on, 
we >hall mQdlfy lhe major stepsln loglcal dolabasc dffign IIS!ng 
tite entity-telatiom¡hip app101ch In {Jl, {14]. The modlfled' 
srcpo in logkal datob•se d<sign can ~ uscd 10 derive enlily· 
rclotioruhip relotlons 1/tat corre:spond equiVIIenUy .ro JNF 
rei~UO!U of the rel:otlonli model. Hencc, lhe u .. of cn111Y· 
r•l•lionship dlogr;m for lranslari~B lnta JNF relarlo1U IUP• 

portcd by lhc relationol dolO baso syslem can be ro>Hzcd. · . 
In lhe tebtlonal modcl, lo ilJustrare tnnlllive d•pcridoncy, 

•"1lnsider a zel11ion scbemc S concerning inforrnotion obout 
'employcel, dcp•rtmonu wheze 1/tey wozk, ond lhe nature ·of 
thc work wirhJn lhe deporuncnt {9]. 

S(E#, E.V, JC, D#, M#, C1') ... Itere 
h'# " omployee tdontiflcallo~ 11Umber, 

I:'N ~ omployoc "'"'"• ' 
· JC ~ employ« joh codo, 
D# • dep:~~tmem number_ofemp!oyec, 
M# • ldonliflc31ion numbor of deparlmcnl m•nago:r, oml. 
CI' • conlracl rype ( go .. rnmcol ot noogo•ernmenrj. 

In !he dcscription of lhe du~base aj,plicaUon, lht funcrioru.l 
relaliOnshipsomuug •rplicallon •llzibute¡ aro &i•en os foUo...,. 

. . 



Ea<h omployee is &lvo:n ooly onc job codo and 11 a>Slgned lo 
only onc dcpartmcm. F.ach dcplll'tment hn its own mana~¡ 
and is involved in work on <itloer govo:rnmcnt or nongo~m· 
ment comiact•, not both. 1loc nontrivial functlunal depon. 
doncleo In S are •• ohown in Fi¡:. 14 (~•• noNiependcndeo "'" 
im;lled}. Clearly,S lo not in 3NF. 

U.ing !he proccn of further normalilation, tM relation 
schemo S can be convened to a robtional schema containing 
SI (!iJ!., EN, JC, D#} and S2(f21f., M#, CT), whkh are In 
JNF. In addition, no esscntial inrormation Itas t>«n l<.>!l, sinCI! 
al any time, !he orlgln:LI rclatio,. cm be reoovered by takinJ 
!he n.atur¡J join Si ond S2 on D#. 

·L'slng thc cntity·robtlomhip opproach to the lor,lcal dato· 
bas~ deslgn, without further consiUeratlons, wo mlght dofine 
the enterpri.e schema for S, io terms of an entlly·relationlhlp 
dia¡¡ram for F-MP (employee} whkh is glven in Flg. 15, and 
thM tranllate this entcrprlse schema into a u.er ochcma, de· 
scr\bed by !he rogular entity relatlon !:MP, whlch ls given in 
Fig. 16. Clearly, all the undeslrablo •nomalieÍ, th'l can bo 
cre•ted by lnserHon, updating, and de)etlon ohn tuple In iho 
rel•linn ocheme S, an olsn occur iutM regular entiiY rebtion 
~'-'!P. Te cllminote !~ese problems, thc rebt!on scheme S mus! 
be puL hll<> 3NF. Thol 1!, !he relatlon scbom• S mult,.tisfy 
the propon y: evcry nonkey •ttributc 11 fully functionaUy and 
non'naru!tlvely dependent on the p;lml!y key. In tho regular 
entity relatlnn, I:>IP of the ERD for F.al~, the attrlbutes whlch 
m>p from E1t into the!r own voluo ws, are functlonal. The 
dctt•rminism of entity•reM!onship rolatlom, doscrlbcd by the 
typo~: thc regulor or woak entity tel3tions, or the regulor or 
w •• ~ relatioruhip ••l•tlons, do not guarontee th.t the entity· 
rclatioru.hlp rc!allons can overcomc all •nomaUes wlth respect 
lo storogc opor~tions. 1 Jowever, In Flg. 1 S, the enti!Y·relation· 
sJ,ip diasr•m for UtP does no! capturo all the givon oemantico, 
namc!y, the given desr;rlption of thc database applicatlon in 
!he real world. For lnst•nce, \t does not indodc!he f1ct ih>t 
"ea>h depanment has its own m1n3ger 3nd is involved In wor~ 
on oither govcmmcnt or nongovcrnment contmct;, not boih," 
!n conformlty to thc glven descriptlon of !he dotobo.., ~ppll· 
ca!ion, a nurnber of dlrectcd ed¡;es no be odded d<libenttely 
lo thc va!ue sets in !he enllly·<el>tionlhip diogram f<H Dtr. 
IIDwover, file cbtoincd diagum g!veu In Fi&. 17 is no longor'" 
en tity.rcla tlonship dbgram. 

In ordf! h> conform to the .ermntkt "coch dopartrnent il21 
itl own rnonagcr ond ls lnvolvod in work on eilhor ;ovcmm.,t 
or nongov~rnmcnt oontncts, no¡ buth.'' and to prese,.,e !he 
property of on enllty·rclation.J,ip dia3rom, a relatlunshlp •et 

PJ'H-MANJ,C~R must be "'""'""· The rel:uionship set 11 a 
onc·lo-one mapping define<! un twu cntity sets IIEI"T ond EMP. 
Th_o relotioruhip sct l"l a functlnnol ottribute JNVOlVED· 
rkOJ·TYt'f., whido nupa relati<>nships of thc rcl:nionship se\ 
nr:PT·MANAll~!< intu o .,¡ue sot CT(conmc¡ typol- !n fig. 
18, the enl'oty·"'blioo,.hlp J"&r•nt d""' r;onfurm tn thc func· 
lon:tl d~¡><'ndcn,·ies, gi>en In Fi&. 14, lt 1hould be noted ¡]¡:¡¡ 

thc rcl~tionlloip set nt:t'T·t:.u• is o une•lo.fn:wy rnlPI>in' de. 
fiMd on two onhty J<'tl uti'T ond r>ll': thb conmuco justifics 
lll< f"<l tlr,H llrt•r is flln<linrouiJy dcpcndonl on t-MI'. TI1c 
attributc INVOL\'UH'IWJ,.JVI'f: maps functior~:~lly rcUiion· 
lloips pr t!rc rcl>licru.h!p se! llt:t'T·Htr illlo !he "lue sct CT. 

" 

Fig. ll. An enlily·aboionsllip diag,..m 1<>< r~•. wtlert •~,..w ~ rk• p,.;. 
111.11)' k•y. ~. ~> ~. p, X, allll. • dUIOIO ........ INHANt, JOICOOI, Hl,_ 

D<rr·!«>, .,..DII'T·""•"'''• ood • .,..,.o .. ,_, ...... .., ~apea,vcly. 

... 

•• ' '" . ' 
' •• ' ' '" ' - • 

"' ' 
FC.. !6. A rtaulu onlily ula¡lon •~•. 

•• 

Fl¡. t). A dla¡ram <oo!om1.0ble lo lile I'Uxliooal dopoendon<el JÍ''" 
111 Fl¡:. t~. 

• 

• • -· .... -
' dó'b 

F<J. !J. Ao ,..o.{y·rel.,ionsllip dil¡ram oo-<ni•l io!ormation '"""' 
.... ol>d DtrT. 

Tloe comtruct •1"' conformo lo¡¡,~ f~ct thot C.Tb fullcliunolly 
dope11<knt on t>l'l'T and 11 tronsitivdy dopendenl un Hu•. 
llowcvor, !M attrihute INVOLVFU-rKOI·TH~, l''ili..:h ""P' 
funCfion:dly rel>tlunslupo in tire roloUO<Uhip set r>t:t't·f'.Mt' 
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-· 

fi1- Ji. A~ -<tllily.<olaLiO,.,hlp 4Eo¡n.m <On<•,nlo. illformotiOII 'abcut 
... , •o.! ....... 

• 
In lo the volue '"' CT, is redundan¡ be cause of !he exlstence of 
d~e ottribute JNVOLV~D-PI<DJ•TYP¡ whkh abo m>ps func· 
Uon.1lly relaUonships in thr rclotlolllhlp set DEPT-MAHAOER. 
Thc oxistence of the •ltribute JNVOLVED·PRDI·TYPE mappinK 
rebliO<lShips In Jhe relationllup set o~PT-MANAGE/1. lnlo ¡he 
value set CT imp!l<l that CT ¡, mn!.itlvely dependen! on EMP 
(bcc3u.., cr is functiono.Uy dcpendonl en DEI'T, aod DEPT b 
function•lly dcpendem on EMP) [4], (5]. Thc cUmlnalion of 
!he redunda~( aUributC lNVOLVED·PROJ•TYPE ylcld1 lhe 
emiLy-rcbtionshlp diagrom a¡ shown In Fl¡, 19, whldt cori­
forms te th.c given somonJics of the toa! world. flp. 20-22 
illus¡rzte the tranJ!:IIfon from the entily .. eblfMihfp dlagram 
gi>Cn In Fig. 19 In 10 a u~r i<:hem~. 

S"vcrol prabl~m• will atlsc frum thlt constroct. 
1) /11 Elimilwl/tlf 1h~ Rtrlundam Rtkri(}mhip Sm: With· 

out Joss of gcnerallty, Jet thc enllty su OIPLDYEE be parti­
tíoncd lma two enlity sea ~MP' and ~o<EMP, contoln!llg non. 
"''tn~~oriol and monagerial cmpluyee•. rlllpectív<ly. Then, •• 
shown In Fig. 23, create lhree relalloruhlp sea DEI'T·DIP, 
D~I'T·~liiNAG(~, and Uo!P-NIINAGEA deflned on thC tntity 
>et• DEPT and Et.tP', \he entlty sets oEPT and 1-<E~-<P, 1nd the 
emíty scts u,¡p' •nJ MEMP, respectively. Thl• con!ltuctjwll· 
fLes the fact< llu.t DEPT 1.1 functionally dependen! on no•' 
(employee}, that DEPT is functíonally ~penden! on MOIP 
{mano¡;er), and vice versa, 1nd thM Mf.MP 11 functionally de· 
penJont on CMP'. That is, thb cntity-rolaUon!hip Jiagum con· 
forml te the given sem:tntlc! of the real world; "!Oach em­
ployee is usigned lo on!y OM dcpartmem. Each dcpattment 
hos ;a own manager .•. .'" However, the exi>tencc of tite 
rdationship wt EMP·MANAG~tt JefLned on the entl¡y sets 
~-\IP' ~nd MBIP ]¡ redundan!, bocou,. the f\lncriooal depen· 
dencies of DEPT on Et.tP' and of MOl~ on DEPT imply the 
functional dependency of t.tEMP on EMP'. Furthermore, the 
d"tagrom shown In Fig. 23 il equivalen\ to the cntiry-relotlon· 
•hip dlogram •ho~n in Flg. 24, whlclt is obtalned by combin· 
ing rhe enrity se u r.rEMP and 01~' ínto EMP. The ellmínatiOJI 
of the rolarionst-·p ser Et.tP·MANAGER from both diasranu 
doc1 not delcle my 5crnantic jttforn1otlon from tite orlsiu•l 
diugroll15." Titu•, ;n the cntity-relation>hlp dlagam ihown In 
Fig. 1\"1, the fundlon~l dependeney of r.tANAGF.Il on wP 
{nonmonogeriol er•ployee} ;, lmplici!ly deilntd. Thus, \he 
clairn tltot the e¡:istence of.tho artribute tNVOLVW·PROI• 
TYff. mapping n••llons.ltipl In the flll~tlomhip ,.1 OEI'T· 

... 

F•g. 10. 11 rc¡¡ular eotity r<l>tlon tM>. 

•• 

• • • • • • • 
F\J. ll. A rc¡¡utar rebtiOn>nip rolluon orn-111>. /m d<oOIO$ trpe ot 

m.opplo& 

•• 
• 

-

. " 

--
-· , .... , 

-· ·-· 

Fl¡. JJ. AO <Otil)'<Cioti"""'ip di&JtUL 

t.tANAG~R into the vo.lue set CT Jmplin thal CT b t ron¡Jtlvdy 

dependen! on [Mr, IJ va Ud. ' 
11 lhould be noted tltu, !JI Flp. 23 and 24, Jnstnd of the 

relulomhlp Rl UtP.MANAGf-11, thc elimln~Uon of tbe rela· 
h<>nlhip set llli'T•utP airo docJ not deloto anjo ~emantic 
i<'fOn!lltlon from the original di•gntmJ. However, the ellml· 
natlon of the rel>tionsh.ip set DEP"NIANACER from th• dit· 
gr:tml will desuoy, In tum, thej:iven seni:uuic lnforntatlon: 
"each de~rtment hal ils own roon~&•r .••. " In tho rel.llty, 
the lmplication of function~J dcpendonce from otheu h not 

,quite obv:louJ, espee!aUy, lf 1 >ery largo set of functlonal de· 

' 
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pendencies ll consi~ored, and tho crltorla for d~termllllng 

wlllch of the redundan\ rclatlonshlp set 11 to be eliminated 
wlthOilt modU'yia¡ any given semantic informatícn, ls non­

trivial. 
In arder to oUow an additlonal ~lu>lration of full functlonal 

dopendcncy, tho deooripllot> whlch conerns employees, thelr 
aiJllo ond skiU levcls [ 1 O[ whlch lo shown in Flg. 25, is addod 
to lhe de>eription of S which 1s sJvcn In Fig. 14. Flg. 25 reprc· 
senil lhe semantlc lnformation. ''An employec may hold 

''"""'] skills {reprrsented by the 1kill number S# 1nd IU Wll 
tmnc SN) and • portkul" okill may be hcld by severa! cm· 
ployees. A parlicul" employee has differem 1killlevelo {repre­
sented by SL) for lhe skills he holds. A pao:tlcubrlkillls held 
by severa! employtes each of whom may ha<e 1 different llci.U 
lcvcl for lhe skUI In qumion." lt il clou lhat SL is fully func· 
tlonally dependont on the concotenaled koy E#.S#. Asshown 
In fig. 26, by creating thc relatlonslup ltl f.!,if-SKtlL, the fuUy 
funcllonal depend.incy of SL on E#.S# can be exprcued 
e>.~ct!y and lrnplldtly In the cntlty.,elationlhlp diasram. For 
the dlogram •hown In Fig. 26, thc cmrcsponding to\attoru &te 
sJven In Fig1. 27 ond 2B. 

2) In Con<tn"tlng tite Uur Schtltiilln Third Normal Form: 
Considcr the re¡;lllor relationship relation Dll'T·OIA~A<liii.. 

Thc corrcsponding !Ciotion schemc {in lhe relat!on.U modcl) U 
S2{fHL .lf#, cr¡, In ••hich only D# m M#, but not bolh,l! 
ta be selocted as t!te'primary koy because of the faot that tho 
111lpping betwecn DEPT·~O/D~fARTME!'<T and EMP-10/MAN• 
.<Gt:R lo 1 onc-to-unc corresponde neo [lO]. Thls lo onc cf lho 
major rea"'ru that the att:lbute INVDLVED-PIIDJ•TYPE whlch 
mol" rclotionshipl into thc wlue set cr is kept owoy from 
thc cJiminaUon. Uowcvcr, it ;s true that if both D# and M# 
uc prlmary keyl, the S:! is no longor a relotion of third ncrm~l 
fusn1, bccouse cr U nat fuUy runctlonally dependen! on (D#, 

• M#). That mc;sn¡, the regular nb.tionsl1ip ~elat!on DEn• 
MA~AGER il nct 1lmilar to a JNF rob.tion, evcn if !he map­
plng betwccn Ofl'f·~O/DHARTMr.~T and El>ll'll>/MA~ACl~R 
11 ono-to-many, many·IO·one, or many-to-many. 

Consider ag:¡in tl1e entity-rclat!onship diagram given in Fi¡. 
19, in Whkh thc allributc I~VOtvED-I'ROI·TYP~ mops relo­
t!onshlps in the rclallunship se! urt'!-~tANAG~n lnto thc valuo 
set cr. That mc•ns, caCh of tho cntity pall! oftho ontity sell 
ll~t''l and HlP{ItANMlER is i•>volvod in work onelthcr govern· 
mcnl or non&overntntnl controCll. not both. Sincc the rel•· 
tionlhipl DI:PT·"AifACER ovcr thc ~ntity 10\J Dfi'T 1nd t:Mr{ 
•tA~IIGrR are cnNo-cne c<wcopottdcncc, in md<r to ~on_­
f"rm lo the givcn ICI\!Jttlic ittfonu.llion, >l >Ullkcs tu dcr.nc 
\he a\tributc IN\"ULVllJ.PN\lJ.'IVI'l: ffilppinC ~lC Clltiiy' "-'l 
DI"I'T into thc v•lu~ 1<l CT. l!lllown In Fig. 29. Onc of ll1o 
ntJjor diffcrcnccs of tld1 cUltuc<tiun ufthc valuo 101 C'Tro tltc 
cntity '"' uu• f"'"' th.r iR Fi;o. lS ond 1'1 i< that tbc l>lt<r 

" 

f">1- 16. An onllty·r~l.UiOll.lhip di.oJllm. 
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conoecUons do nut satisfy tho fuUy functlona! dcpendency, 
and, theroforo, the problom th.ot the regul&r relationship rela· 
Uon D~I'!·MA~AC:ER is no\ In JNFcould be &volded. Fl¡. 30 
b o modi!lod ro¡ular Jelatloruhlp telation DEPT·NA~AOER, ·, 
whlch is In 3NF. Ala mmer offact, lt b & nontrivUI problem 
of dcciding wh•t are the valuo seiS ond al!!lbutu for t~o emlty 
or relalionshlp sois from thc glven dcscrlptlon ofun applicollon.­
l'or cumple, thc v:tluc 101 cr and the ~ttrlbute tNVOLVED·· 
PROI·TVPE lfC lssi¡;ncd lo thc relationshJp set DEPH.tANAGE!'-
U lndced an crroneous repruentltion. 

Sutnmorily, thc useJ schem1 In the cmit¡i-cdotion_ship model! 
os o.hown In J1i¡;>, 20 ond 21, Figs. 27 ond 28, ~nd l'l!l'. JO ~nd 

Jl ub•iou.ly "'" olmilar tu 3NF rel~tluns ln !he rel•tlon).] 
nto.Jcl, but t~• furt¡1er relotlons hove cl~~~r ~proJCnlotlon, 
~~~d ore obto!ned without ullng thc notmaii7.:U!un operotlcn1 
[ ~ [. [S] , [91 . Ju thc ll<lrmoll<> tiun of the r•btlonal modcl, 
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F•1- 29. Ao aníty-<<l.>tio .. bip di&IF"m eo..,lflio¡ Wo"""li"" obout 
DIP ond Dllrr, 

• 
• • • 

.. .. .. 
1"•1· l{l A modlfiod r<JUI•r rolotloOih!p relotlon, OOPN<•M•au. 
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Fi¡¡, 31. A to¡ulllt <ni U y rol.uion DI>T, 

SI (El!, EN, JC, D#), SJ.(ll!J_, M#, CT), S3{fut, S#,SL), 
ond S4(S#, SN), are thc fcwell pos1ible numbt:r of 3NF reJa. 
tions ]4], [S], [9]. Perhaps, the severe sctback forthe entlty· 
relationship approach !.! tM naUeoff between the cJearer 
«monLic represcntaUon and lho fewe•t posslb!e number of 
relatlom. 

Comldcr agoin the dlllgnm glven ln fig. 16. For the entlty 
••t EIÚ, impliollly, t,he voluo set D# ls functlonally dopen· 
dont on E.t (the prlmary key), but not vice vers.:J., h lleasy to 
show th.at the nonkey nlue set cr 1s trarultlvely depende~! on 
the primory by >alue set E#. Ho~vcr, sueh a tram.ltlve do· 
pendenr;y can be cllminated by lntrcducing a rcl•tlonshlp el 
ot:n-~M P, as shown In Fi!\". 18 , 1 9 , and 29. For each of lh' 
eml!y Je\1 F.MP and DEI'f •nd the relatíonshlp eu DEI'T·EMP 
ond DEI'f·MAlU,OER, no trondtlve dep<'ndency amcng VIIOc 
&e' a ls present. Thereforo, the us.o cf !he cnllly·rolationshlp 
appronch ls elimhwln¡¡lhe tronshlvo dependency •mong value 
sets Js more dfectlve !Nn !he normaJizatlon procns for !he 
rclatlonal model. Furrltermore, by the ddlnltlon of :ntribute, 
ihe entlty-relationshlp dlagrom always provldea !hc fact thtt 
each nonkcy_ valuo 1cl is fully functlonally dc¡>endent on !he 
primary key's voluo set(s). 

Now, ~ shall oulllne the m•jolatepo~ln the lo¡l~ databaso 
design uslns the entity-<elatíonshlp approacl!. Glven a dcocrip­
tíon of an apphcation fcr an enlerprise, wo lntend ro Ond 1 
"good" sclocma thot dcscribcsthestructure of the correspond· 
ing databa se. Unfcrtunately, the entlty-n:laUonshlp apprNcll, 

whkh we lh~ll outllne as fcllows,ls a hcudstl~ ~pproo.;h. -In 
addiUoo, we are only ~onl.ldcrlo¡ !IIC detcmoitoisrlc cno, for 
the~:~k"ofsimplklty. , 

Tioc cntlty..-cbtlon•hip appro:u:h to the lc&lc;>!'~tabac 
design consista of thc followill¡ n10jor 11ep1. · · 

1) G/•(11 a <l~scrlpffmr o{ al! app/lcru/on. The dcmlptlon of 
a dat~bose oppllcatlon for an enterprise can bo formubted ••• 
set of functlonal rclotlonshlpl omong app[IQLion ottribut.,. 
Whether the set of functioul rebtlctuhips among applicatlon 
attributes 1s complete, nonredund3nt, rmd mlnllnal {4], [S]Is 
of no ooocem. 

2) f<leutl{y emlry sm. From the given doscrlptlon of an 
appllcotton, identify •ll p.míblc entity se11 whlch aro of In· 
lernt!O the enterprbe. · -

J) lú•11fi{y Telalkmshlp ..,u. Rebllomhlpl may exist among . l 
tho cntltles, and con be da~lnod by the relationship scts. In 
senerol, ¡Itere are m-way relatlonshlps deOned on entlly tctl, 

whete m 11 grearcr !Nn or equaJ ro l. Conformable lo tho 
given dcocription of an appl!cat!on, ldentlfy lll pouible rela· 
tionshlp .. 11 aml1peclfy thelr types of rriappln11 (e.g., oioo-to• 

· ene, ono-to-nuny, or mony-to-mwty). Elimina lo tho redundan! 
rebtlonshlp seiS. 

4) DttJw an entlty·~lallomhlp diqram wirh rndty lUid ~• 1 
liomhlp ~eiJ. 

S) Júo,rlfy 11(1/ur sr/1 anú allrlbutrs. From tho glven de· 
soriptlon of an appl!catlon;wo may decide wlut are !he voluo 1 
sets and attrlbutn for !he entlty 01 re!J.!Ionshlp sets. Tht 
funct!onolattrlbutes, mapp!ns from !he entltY 01 relotlonshlp i 
sea loto the valuc se\1 or the C11tes!an produ>l cf the va!ue 
le[$ mus! conform to lome functlonal dependenciei =ong r' 
appllcaUon ottributcl. Al the end of this step, an enllty-ula­
t!onshlp dlagram wlth the entlty llld relationshlp seU,' the 
va!uc scts, and !he omlburcs are obained. 

ó) l<lrnli{y primory keys [or tnllty sm. 
7) Clru:k rM tnlll)l-l"tlatloruhlp d•m IIL con[ormlty 10 

lht dncriplion o{ lht app/lctllloll. Mon: speclllcaUy, does \he 
entHy-•tlarionshlp diapam inclu.S. all possible funcUonaJ n:la­
Uonships among tloe nluc K\11 [slhe transltlvo dependency 
amon11 •pplicat!on 11trlbules "propelly'" 1epresonted In. !he · 
cnllty-<elationshlp dla¡ram? Js •••IY nonkey mribute Vllue 

-~!(•) non( ',','"",·,u~Jy or fuUyfdependcn.f -~' on the pri' ~.~; ·1· 
... ue SOl 1 u¡e answe1 o any o '"ese quest ons 11 ~...,. 
lirmot!ve, then go back lo step 2). , , 

8) Thrnllalt rhe fltllty-rr/lldorW!Ip dlqrrzm illlo t11dty· 
rthrllomh/p ~latloru. Thae re!atlons m .S.ocrlbed by &ny 
onc of !he determlnlst!c ty¡>es; the re¡ul11 or weak entity 
'rclatlons, or the regular or weak relatlonshlp relotlons. · 

For ony entlty-relatlonship dl~¡ram,ll also can be translated 
lnto data•tructurc dla¡ranu supported by \he CODASYL 
(network) type database system or hJemchlctlatnJcturc¡l\lp­
po<ted by.a lúeruchlcl] dat&buo l)"llem such u JBM's !MS 
[2].(3]. 

Althoush lt can bo translalod lnto the relatlonal ochemalllp­
poited by the relatlonal databueaystem,it would be e.uler 10 . , 
obtaln the «lauCIIII schema by lllnsformlns dii<Ctly from"tho 
enlity-rclatlonship relatlons, descrlbed by !he IC8ular or w01k ¡ 

1 

en lit y rtl•tlons. or the 1egullf or weak rdttionshlp rolottons. 
1t s.hoo]d be noted thot lf ene WlriU lo chlnp f<om one 
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ilondctern;ini•tic relatlon to 1 detemlnlsllc nllllon. ono 
would prob 1biy ha veto chan¡,'< the onlerprlso-user ochemo and 
then roconstruot thc Ul<l schema. lince thc onterpri~oe-<~~<1 
Kbema u1ing the enlily.relalionlhip rebtlons and the enter· 
prl•• sch~maudng thc entily·rela!lonship diagram are indepcn· 
den\ of the primory kcys, thc unlque idcnliflcalion of entilies. 
u¡d rclallonships. Tho changel of thc enlerprise-<~ser Khem• 
.Uid enlerprlse schem• aro one·IO·One conespondin¡, Uld, 
thul. !he conf~rmlty b<tw<:<n the enterprll< schemo and the 
dolcrlptlon of the roul wÓrld Cllll be checkcd. 

9) rM1/gn r«<Od fornum. 
From our discu$SIOn, clearly, we can •111< thc foUowing 

!heorem. 
Theorem J: For any entity·rdailonshlp relatlon M, described 

by ene ofthe typeo: the regular or weak enlity relotion, or !be 
rel:';'lar or weok relailonship rela!lon such thot nono of the 
nonkey attribwe '>luc set (or Cllleslan product of val u e 1m), 
which j¡ fully depcrid<:n! on !he primary key valuc Kt(s), is 
t,.n,;tivoly dep~ndem on the primary key VJ)ue &et(s), then M 
cUI be transformed lnto a 3NF relat!on (In the n:lll!onol 
model) tl10t ltrongly pre¡e<'cs M under the prlmary keys. 

Vf. PttYSlCAL REPRESEI<TATJON Of l.ootCAL 

STRUCTURES 

Jn thio '"ctlon, wo wtll discu"' physkal represenmlon of 
logical structures. In the prevlous sections, wc '"' coneemed 
witb thO way !he dJtab~se adntinístrator or tho .. syslem 
analym wl10 soe ~'' ~mire dotoboso and the 3pplkatlon pro· 
grammer vlew• uf d•t~. Ne1tber the emity.relatiol!ship diagram 
nCJ the cono•pondins robtions renect< !he woy t!Íe dna are 
¡¡ored physkaUy. In tl>e seque!, we witl be concerned wilh 
how it is laid out on tlre Slorogo unl!s. Thot is, for 1 glve•> 
overall view of thc data In ternu of thc schem;n, how do we 
represen¡ tbio overa.IJ lo¡;ical or~nintlon physlcaUy. 

Cíven an entitY·telotlum.hip diosram, 11 "'" be tronslatcd 
lmO a dala.structurc dlagrom (5], (6) by tho following rules. 

J) For 01ch of thc enlity (<'l&llonship) seu in !he emlry­
relatlom.hlp d!agr:~m, lhere corrupond• an cmity (re!Jtlon­
slrlp) record type, callod on owner (memb<r) rccord1ypi:, in 
the dato·llructure d1agram. 

2) For 1 :N bin>ry relatlonship$ of o rclatlooship se! C de· 
nncd en two cntity 1<11 A and B. In the cntlly·relationship 
diagram, twu dii<Cted links, one Wilh double molV:! Jnd thc 
other wit~ a single •now, are drown from thc enll!y record 
typesA and B. respecti•·ely, to thc rebtlonship rteord typc C. 

For M :N binary rebtionships. two diroc.tcd links wilh double 
arrows aro drawn. 

IJkcwise, for k..tcy (k;;. J) rebiíoruhips, !he Ame ruleJ 
apply. 

3) Jf the cxls¡enco arrd ldenlincatlon of an enlity 101 D ore 
dcpend,'nl Oll another rnt11y srt A In thc rnlily~ebti<>n>hip 
di.agr~m. lhcn a p>lh dopondency from the ontlly record IYfiC 

A to the cnlity rerord I)"J'C B ¡, crea~e,!";n 1hc dala..tr<"'"'" 
d!.1~1am. 1110 p,¡lh dOJ'<"IIliCIIq ClJ! bo I<"JII<iOIIIOd by a Jj. 
roctod lmo with •ingle or d<>Ublc •rrows puinlrd to B do¡>cnd· 
lng upou wholher thc "''J'J'Íng from thc r¡¡¡j¡y "''A inhl thc 
en lily "1 IJ is <>f ~"" or '"""Y ;¡¡¡odali<'ns. '"'l""<"livcly. 

Jf only ¡¡,, l'XJ.<1Cill"<' <l<j>CIILil'IICy <>f 8 llll ,j ll<"CUrl, lh011 lhc 

path dopendcncy can be reprucntcd by 1 bldl11!md Une, 
whloh can~. obialncd by oddlng a llnglo arruw {pointed 10 

A) en thc other end of the dir«ted l!ne. 
Flg. J2 11 1 datHtructure ditgr•m w!tich conesponds par· 

tlally to tl1< cntity·relatlonship dlagnm given in Fig. 1. Thc 
llructure domonstrareo tbe M:N rclotionshlp sct E lllld ~MP· 
CHILD on the cntity S<IS DIPLOYEE tnd CHILDRI'.N, and the 
M:N re!~tionshlp se\ E .,d 1 (!be existen~ and identtncallon 
dependcnclc•) on the entltY le\ EM?t.OHE and rARENTS. 

Clearly, tho entity rol3t!onshlp model can b-e use.d u a loo! 
In !he >tructurcd deslp of datob•se• usin« the network model! 
[6). Tho uscr fin;t draiVI on ~nthy·re!oticnship diagram and 
tben may slmply tronsl3te lt lnto a dltl.Jtructure dlagr~m 
uJing tbe rules •pecified obow. 

In the rcmaining Jettlcn, we will use \he enUty-relot!onship 
dlagram shown in Fls. 1 to dcmcnstrato lhe dcslg.n of the . 
r~cord formato, Uld 1ho "'" of po!nters for reprosenting ""'od. 
atloru betwceñ record¡ or segmenu and assQC!otioru betwccn 
"data. 

fn !he oourse of conmuctlng the phys!cal represcnt.,lon of 
!ho entity.¡elationshlp dlagram, the com:sponding dat.a-JIIUC· 
ture diagram and \he ccrrespondlng rclaticns can be used u 
major componen u cf an lntegratcd dcsign toollo anlst In the 
physlcal database dcsign proceu. llowever, 11 suffices to use 
tho enlity.rcbtlonship dily:D.m and/or tite cmrespond.in¡ rel3·. 
Uons which are descrlb~d by onc of the types givrn in lhe 
pr~viou¡ sectlon as a de1lgn too! in dealgning thc phys.ical dall· 
base orgaulzMion. 

Tho datl"llructure dlagram such u thal In Fl¡. 32, c1i. be 
represented pl¡yoica!ly in a varíety of ways. Flp. 33-JS Wu. 
mate one of these ways, which Jnvol~ea parent, ohild, twín 1 
ond cousin poinlers. Fig. 34 ia • phyllcal reprcS<ntalion oflhc 
datl-structu"' diagr:~m of thc record typel tttO/·otP, DI· 

PLOYE~. and PROJJ:CT. Jn the rclatloruhip record typo PROl­
TVffi. two paren! pointers are u1ed from eodr relatlonshlp 
record to tbat recorJ'1 parents, whlch ue of entlty record 
typu O!Pl.OYE~ and rROJf.CT. From these two parent 
polntm, the primary key• of ~och of lho rrlatlonships can 
be accessed directly from the entlty rec!lfd record types EM· 

fl.OYEE ond PROlECT. 
For tite e•isten~ ond Jdentilkotlon d<:pondcncies of lho 

entlty set MR[NT$ on the entity te! EMPI.OVEE, as shownin 
Fl¡. 34, a rclotlonslrip record typc ;, u.:.d ¡o represen! phyllcally 
the eJI.i>teno:e dependency 1nd 1 cwsln poiDter from eaoh Jn. 
st•nce of U¡~ entity rocord type ~ARENTS to !he irutan" of 
tho subordinot• entity record typo is u<ed to rrpresent the 
ldenllficatíon d<J>"n.dency. T!u.1 lo, eoeh instanco cf thc entity 
record type PARENTS illdentified by tbe ccmb!natioO of \he 
prhnuy ~eyo, en~ from the EMPJ.OYtE and tho other from 
itsolf, I"AHNTS, oo slrown In Fig. 12. Jf only tlre uistenco 
dcpondenc-y ocpns, then tho cou<ln polnter wijl not be used. 

In Fig. 35, •ll tJ¡e inmnocs of tl1e reblionohip record type 
MAI\IUAGI: C<lllllin two physical p>~ent poinlors. Howevcr, 
b~lh par out polnto!! cf coch of 0>0 fnllanco1 oro poin~n1 to 
lhc <lirforcnl in~tano:s of tho s:uncfnlity record lype fARENTS, 
•ince the rolatlunship 11:1 ;,AilMJA<>E 11 dofu••d on a singlo ron 
se t. thc cmily 1~1 •ARJiNTS. A~ain, cach of ti• o rdotions.lrlps is 
idcntlflcd ~y tho combinallon of ll1o prlmory l;cyo, ene from 



•• II·:H TRAIISACTIONS ON 50FTWARE >.NCINlERINC, V U l. S~·l, NO. 1, U.NUARY 19,1 

. 1 1 
1 ··~= . ........ 1_··-1 ,._ 

1 ~-J 1 ::::.1 e '='· 1 :.._1 
Fig. 32. A loJial dai..,I<U<turo ~hu:h <onoopond< portloUy ro 1bc onlity­

"l>tiooolúp dO.¡ron:> """" ia FI¡. 1. 
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l~u<l 

Fig lJ. A ph)'lical r<~r .. ootttion of tht dat>·"""'"" dio¡um o/lllt 
"""'d 'l'P<' ~•o,_,.,,, '"'LOroo, o!!d ••cutCT. 

Fi¡. 3<1. A pb)'>ieal «p,...nt.otion of thc data-<!rua.,.. dio""'" of tilo 
r«Otd lypoo Eud f(Ol<tlOYO~tAI.,.TO)....,.!.OYU, and , •• .,.,.. 

!he cnlíty lcl EMrLOYEE •nd tl\e othcr from it .. lf, PARUIT5, 
as shown in Fl¡. 13, the weak rebtlo~W~ip n:lu!on P.-.RENTS­

. ~IARRIAGE·IIECORD. 

Vil. CoNCLUSION 

In this p>por, weha•c dcflned formllly lhc cmlty~clation· 
~ip modo! In tcrms of Lhc cnti¡y-rclatloruhlp di>gram ., thc 
enl~rpri"' sohcma, the en tlly reiJtlom.hip rdaliunl •• the cntcr· 
pr)$C·U>er schcma, and four typcs of relatlons u th~ _, 
schom>_ Wo hJ•e de~ribed the onli\y-rohtionship approach ta 
logic.1l dotaba,. de¡i¡n. The fact that the nondotormtnístle 

-·-·" 

--· 

and determini!llc ha ve !he sorne slren¡th lo chatoctorii:O infor· 
mallen about the rc:ll worl~ enh.m~l !he entlty-rclatioruhlp 
approach becaule !he d•ubaS<> deiigr~er b no! oonstnincd by ! 
!he functional ouributes to ldcntify !he pmpertlcs of ent!tico 

d . 1 
an their relollon!hlpl. 

· The entity-rcla!lanship apprcach whlch providcs an usy to · 1 
undcnund ~~ ccmprehenlive melhodalagy for tho logial 
databaso dcsisn indepcndcnt of storas• and efficlency con­
siderotlons is to tdd lo !he loglcal databoso deslgn procc11, illl 
intormcdt.ue sup bctween iiiformatiOn abaul enUI!Ciin Utc 

1 real world and !he uscr »:llerna, tb final psoduct. of !he 
pnxen. Tho product of lhls lntcrmcd!ote sta&C ls tho cntcr- . 

· prlso achcma, the de<erlp!lon of an cnterprlu view of data in 
tho real W<lrld iiitmns of enthy-relatlonlhlp dia¡rllll'l. In this 
paper, we mvc cxplorcd lh•t !he entlty.¡elationshfp dbgr&rn 
c.an be uscd •• an effective too! in desclibing exacUy ind con· 
d!llly !he propertícs of ontl!les 111d thclr relat!onships, In 
climlnaling !he redundan! ••lallonships aman¡ thc cndtle1 and 
In conmuctlng thc Utc! schemt In thltd normal form w!thout 
usln¡ thc proce .. of normallzation. In addition, we havo 
prelellted ~n improv.d tablc form of lho relallons u !he U..i 
schema to psovlde 1 clear, and cond#, aod bel!er Olp!liud 
U$Ct'l vlcw of dallbues. lt ls easy to uÍidentand 111d to 
modify. · 

Finally, wc hsvo demonstrllcd the p1~11 of phyd.:~lrePre­
scntatJon of !ogl~al structu~l. Thc oonmuctlon of !he IOWid­
nes:s and compJeteneu of tn ontity-relationship apptoach to 
\he logical database design requ!<Cs further re•eatth. 1\seems 
desirable that 1 thcoretical uudy of propcrtlcs of the modo! 
be conducted ln !he framcwork offormollsm. · 
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Mapping Considerations in the Design of Schemas 
for the Relational Model 

SAllA JI AL·FEDAGIJI o\J'lD PETER SCHEUERMANN 
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"'"'~ onol lnd<ponol•nrl~ !rono "d' nth<r. 'lbil pop-or pr<>po"' o now 
do.;"' mor!>odola!O' ""' oonriiPCI.r th< coo<optool t<homa la ruclt o 
"''Y doao ...-<~loppinp ,,.,.,1 '"""ol "'"'"'" .,. .. nocrod. 11 111• 
"""'''PPinJ> af "'"""' o<homu do ""' ~roOocc l<'nril.,il)' ol tl1< 
<on«rruallo..,l, ll«n ~ ilh ""' ""'S<• m<III<J.l, lho "'"lo"' in 1110 ••· 
torool odoomu "" b< 1uiU<d " 1 join ""'' lndopondool <umpumatr. 
Tboo, > 0110>1<>-""< fun<riM nn be der.noJ lor tilo tnlppin~ l>ol~"«n 
IPpl" in lh< «l<m•l ~<h<m" IU lupl" in ''" cone<piU>I >eh•""· lf 
111n>llivil)' 11 pmdu<eol, lh<n "'" oh<>w lhll no rudo lun<lion Ir p""IW. 
ond • n<w tcdlni<¡ll< io inhodU<o~ ro h>ooll< lhlr opedol <>><. 

Jn¡/c~ Tcn!II-C'on•·•·r<u•l ~ehorno, "'""'' "'h<m>, /un<ll""'' do· 
p<nd<n<i«, ln<l<~endcur <O<nponollll, in1<1f<ro0«1, l<>ti.-.! dol-'b,.. 
d<Olp>, nupplnJ/un<l!oru, Jd>liuool d>!lh.., "'""'· 

M>IIO>L'rlpl ll'<'dv.-,1 F<'i>rl'>l)' 1, 19g!l; rn·l"'d Jun< ll, 19BO, Thil 
""~ '"'' oup¡>u"'d in¡>>!( by tho N>lk<llal S.o<ncc ru~onO..Iian undor 

Granr MCS71·0J9!1--1. 
11" alllharr "" ~ ;¡¡, 11" ll<i'"""•'"' ',¡ l'kcl!ic,] J:n¡·ino·,•ri•'> '"d 

,.""'1'"1" Scl""''. No1 "'"''''"" llnlw>ill', 1''""'"'"· rt. (oii~O 1. 

J. INTIIODUCTION 

I N TllE RELATlONAL datahase model, a glven exlern_:il 

v!ow Vk and 1h• concep1Ual \'lew V ore d~rlbod by seiS 
of <OI~tions. The sol of Je!aHons in the conceptual riew co,. 

1!llules ()¡e CO/Jor¡¡wal lcilfma and lite ¡e¡ of relaliom In • 
givon external view conslilulos an txltnuzl schmlll. C!""n a 
reloiional modcl let E~- {E1, E,,·'·, E.} bo the sol of 1ho _ 

-exlornal •chemas ~nd C be the concopluaJ ochoma of Jite· 

modol. Tite m~pplng problem coven IOV<rll lr>nsform>~lor..s 

bclwecn 1 &(ven E~ E E ond C. le1 Et" {e}, e~,··· ,e!) and 

C., {c,~c,,··· ,e") whero e~, 1 o(!o(v, ;, a reblio1¡ in 1', 
and c1, 1 o(j o( u, ls o rela1ion !n C. Severa! mappings oro of 

lnlerrn. 

1) Rdnrlol!IS Ma¡¡ping.- n,(er)'"C'!:C. TI1a1 ;,, "' con-
suucl< lhc rolJiion c,t E 1:, frotn Jhe rol01ions C' In C. · 

2) Tu¡>lrt Mappilog: a,(t{c~)), whcre l(er) !s • 1upJe in·· cr, lllc funcJiun C!¡ ltiJps J !Up]o of et 10 1 IUp]e 01 1 101 of 
tu¡•lcsinC's;:C. · 
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Chaptcr l. USP Conccpts 

flusin= Sy~tems l'lanning is nU>sL oflcn thought of u 
a >tructur.:d appruach or mclhoJology, This mcth·-

• • 
od,>logy. howevN. is ba><:·l u pon '"''"~ f und,mcntal 
concept•. a good_ u ndcr•t• ndi<lg of which can give lile 
nSP swdy tea m mcmbers: 
l. A bettcr appredaliÓn oflhc .. why's~ ofthc 

methodology 
2. lmprovCd oonfidcnce in app!ying variations to mcet 

spccific silualions 
3. A bettcr backiround with which to comm-unicatc 

thc objcctivcs and eventual rec·ommcndationsto 
senior mnnagement 
Thc premiso for conductin& a BSP study is that thcre 

cxim within the organízation n nccd for significantly 
I~•J!fovcd compulcr-bascd informatiOn systcm>H/SI 
anda need for an ovcr¡¡ll slratcgy 10 atta in thcm. BSP is 
conccrncd with how thcsc information systcms should 
be st ructu red, integratcd, and implemcntcJ ovcr lhe 
long tcrm. Thc hasic conccpu ofii5P can be «lalcd to 
lhc long·tcrm objcctivcs for l/S in an orsnnization: 

An l/S Mu•l Suppurtthc Gon~ and Objcc1hes of the' 
llu,inc.-
Thi< moot ba•ic conccpl undcrJics tllc "top down" 
philo>oph y of the metllodology ~· wc)! as severa! of thc 
<r><"Ltk stcp•. such as c~ecutivc intcrvicws and system 
priorities. 

Sincc infurmation systems can be an integral part of 
a b<l>incss nnd be criticlllto its ovcrall cffectivcncss, 
and Mea u <e thcy w'ill continuo ¡o represen\ major 
invc<tments oftime and moncy, it is cssentia\ thatthcy 
suppon the organizalion 's true business nccds and 
dir~ctly inlluencc its objcctives. BSP, then, can be 
thou¡;ht o fas a vehklc or prottss lo tr;o.nslatc bu.•incu 
>tratcgy into t¡S strateg¡.; {scc Figure 1). 

'" 11$ $UIIt9'/ 
tto OliY 

M.,~on. liS Oojoctl••• 
(looJo Ot><l liS 5!101011'0 liS Pouci"' 

otljo<tl'"' Plonnont Poocost lnlo,,.,;.., 
s,otoglu Ar<hl11otu<t 

. 

Fi~u« 1 T<•n•lation of ttu•inus m•t<ay 10 I¡S OI<>ICU 

Obvious!y, it ¡,importa m th~t an organizotlon be 
willin8 and oble 10 cxprcss !!S long·tcrm goals arid 
objccti ves. For sorne organization•, this can be done 
principally through the busin= plan. For othcrs, 
whcrc a bu•incss plan ls not aval!able or curren!, it can 

•• 

• 

be done as a pan ofthc BSP mcthodolo&Y. In cithO:r 
ncnt. a ucognítion ofthis buic nccd by Knior 
managemcnt JS nilical, for only with thut rcco'gnition 
willthcir commilmcnt and involvcrncnt be great ' 
cnough 10 guarntce a rneaningful BSP Sldy. 

An 1/S Stmt~gy Sho11ld Addr~u tite Nteds of All 
Uvels of Manag~mr:nt Wlthln tite BtUiowt~ 
Tlti• requircment hu severai" implications relative lo 
liS structure. First, il is imponant to rccognize the 
varying characteristio;s of informatioo as nceJed by 
diffcrent acti•ities and managemcntleve~ Typieally, 
lower levels need considerable dctail. volume, and 
frequency, highcr levels necd summarie.~, "excep¡'¡oo" 
reponing. and inquiría, and ni!! bighcr Jevcl.o need 
"oss-functional summaries, special requcm, '""hat ir 
anilyses. "uternal" rcquiremcnts, etc. Jt would be ·. · 
im¡iracticalto construct a single systcm tó accommc­
date all activities ot maiUigemcntlevels, and it would 
be erroneous to associatc any one type ofinformation 
rcquircmenl solely with one managementlevel. 
Clearly, therc is nccd to cst.ab!ish sorne reasonablc 
framcwork u pon which the vs can be defined. 

Flrst, the emphasis in t/S should be in suppon of 
managcmcnt dccision making. Thi' is in contras\ lo 
more traditional bookkeeping or rctordkecpiog 
functioru. Bus"tness deo:isioru are made for various 
purposu. but nws1 can be associnted with cithcr 
planning or control. Planning, of course, is thc estab­
lishment of various rniuioru, objcctives, and policies, 
and it occurs at alllevtls. Good information is vital lo 
thc establishment of good plans. Control dccision.s, ori 
the.other hand, a<C 1111dc in order to guidc an activity 
toward sorne implicil Or dcftned (by the plan) objec- • 
ti ve. The t/S can piovide thc measurements ofthe' 
currcnt or actu~l condition to the dceision makcr. We 
thus complete a plannini, measurement and contrOl · 
cycle wuh liS potcntially an imegral pan. Sincc · 
plinning and comrol are the keys to decision makina, a 
framework for t/S bascd u pon thC1c activities can be 
utílized. lt has been proJ><.l'C(l, • and wcll accepted 
10d4y, thatthrcc distinct bÜt concurren! plannin¡ and 
~ontrollcveb cxist in any or¡¡anization: 

Strauglc planniag, thc pioccu of dcciding on 
objectíve~ of thc organization, On the resou n.:es u sed 
to nttain theoe objc~tives. and on thc policies lhat 
are to govcrn \he I~Uilition, use, and di.sposítioo of 
rQ.OUtce! 

•11nthan1. R.N. Planning and Can/rOl Sysltms: A Frainfo 
worl<for Ana/y:is. tlo<Vud Bu>iDess Sc!>ool. O..WO.. ot 
llo>Corch., 19M, 
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u1111a~ment cantrol, thc process by which managers 
aüUre thal rcsources are ob1ained and u sed tffi· 
ciently in the accomplishmcm of1he 01gaoizalion's 
objec1ives 
Optraliorral cantrol. the process of assuring that 
•pecific t..sks are carried oulelfeo;tivdy and 
efficienlly 
Fu,hei characlerislics of these areu are outlined in 

Figure 2. An advantage ofthis framewo¡k i.s thll it 
docs no1 rcstricl planning und control activity 10 any 
particular industry. fuoction. or managcmcnt leve l. A 
oonclusion at thi.s point is that an IJS oould oonvcnitOI· 
ly address it .. lfto any onc of 1he ahove three planning 
and oontrollcvols, 

Resourcc managcmcnl is also kcy to this philosophy 
and rep~tseniS a major ve hiele for liS definition. The 
specific rcsoun:cs 10 be managcd vary in nature and 
relalive importancc from one organinlion lo the nc~t. 
Examplcs of tniditional resourccs to be manaied al\' 
people, facilities, materialsand money. Their rec¡uire­
menls are based u pon the needs to support the prime 
mission area of the organizat'•on, c.g .. its pmducts or 

, seNices. Deo.~ use an organization'• produet or servicc 
•rea has allthe auributes ofa resoun:e. Le., a life cycle 
ofactivities and decision poims.. and yet drivesthe 
other resourcc::, it is referred toas thc .. key resource." 
E.ach resource, including tht ley resource, is managed 

r !hrough planning und control decisi~nJ ofthe three 
levels previou;ly discu=d. Resource rnana¡;ement ba.s 
the desired characteristlc of cuuing acroM organiza­
tiona! boundarics- venic~lly across m~na,ri:ement 
Jevels and horizontally acm" function~l Jines. Thus a 
framework based on rcsourccs as well as plannin¡ and 
oonlrollevels can tic established. andan trs architec­
ture can be appl'rcd within this framework. 

•• 
An 1/S Should Pro•lde Conslstcncy of lnformatlnn 
11orou~houtthc 01f,anintlon 
The keyword in this objective is coM11ency. The 
implicalion is that information derived from more 
traditional dat~ processin& application.s i.s not necCiS.Ir· 
ily consisten\, pa,icularly when applied to new · 
business problcms (decision areas) of broadcr sco¡.e. 
The problems in data oonsi.stency nonnally a riso' 1.1 a 
result of a hi.storical evolution o( oomputtr usa¡:e that , 
traditionally occurs. lsolatcd and indcpendent applica; 
tion arcas are selected and mechanized, typically 10 
reduce operational oo.IS. The data files are defined u 
necessiary lo suppon the specific necds of each applica­
tion wilhout re8ard to one another orto future appho.o­
tions. Thc data itsdfil conve,ed from manual files 
located and rnaintained by the usin¡ organiulion.· 

As computer applital ions are added, new data lile! 
are usual! y required since the data rec¡uirements for 
different applications are rarely the same. These are 
usual! y creatcd fmrn spinoffs of existiog mcchanized 
lllcs plus any additional data that rnay be rec¡uired 
from thc using aru. Summary-type reporu for hilher 
mana&emem lcvcls are the result of sorting and mer¡:· 
ing various cxisting data files tógcther lo crea te ncw 
oocJ. Rarely i• any exi>ting data frlc ofthe fonn or 
oontent rcc¡uired \o provid e ncwl y rec¡uested Informa· 
tion of any magni1ude. Thus new data files ue bom. 
Data rcdundancies and file update rcquircmentJ 
muhiply. The oonunual cry from rnanagemcnlthat ·•¡ 
lnow the data lhatl need is somewhere in dala proc­
es.sing, butl can'tget al it" rnay be b•sieally true from 
their poi ni of view. · The data may be there, but not 
n~rilY defined 105 nccded, of adcquale summary 
Jevd or sec¡uence, or of proper time period or currenCy ,' . . 
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Dat~. chen, e~i•L• in most <>r¡?OÍl.óltions in V3rying 
jon11, dt'finirion, amlrirnr. Thc form m ay be un~3[>1~ red 
'~"-data, mech.mir.ed dJta li!cs, detaikd DI' ropmts, 
~umrna ritcd UP rcports. busine.,. documcnts, or 
knllwlcdge in som~llnc's head. Thc drji11irirM of any 

· gi,·cn data ~an ha ve~~ ma('j variationJ, and thGJ 
inconsistcrlcies. as there are uscrs ofthat data. For 
~umplc, "&.:~lary'' to thc payroll deparlmcm may mean 
. In cmployec's actual monthly 1>1-Y• to the proj«l 
.nanagcr ~n annual figure pi U$ burdcn Lo be charged to 
u cuslomcr. 10 thc dcpanmcnl manascr a budgctlinc 
itcm rc:prtscnting total e .. pensc for all rc:ponin& 
cmployecs. In addition, a tim~ inconsisteocy is very 
likdy to e•ist bctwcen what m ay otherwise be compa­
rable daca. Data m ay be capturcd by st"h val)'ina 
mcthods a• thc mail, telcphonc, data tcrminab, or 
•a\~llitcs. lt rnay be "batchcd" over vnl)'ing tcngths of 
time by the. u"'r or by DP befo re prOcC$$ili&, or it may 
be eme red ~onlioc" as each transaction oa:urs, dirc.:tly 
from its soun:c. Data m ay be processed dnily, w~ckly, 
<Jt monthly on a prcdctermined .chcdulc,or it "'"Y be 
incapable of being processed until a series of prior. 
<omputer runs are complcted (c.g .. thc month~nd 
closing). The output itsdf m ay be mailc<l or it could be 
i1nmediatcly a vailablc as !he rc•ull of an online 
inquiry. Final!y, rhe r~pon m ay be up to the second, as· 
when reading from a terminal, or it may ha ve la in in a 
de.< for tilrce wecks after last month's processing. Thc 
oombinations of ti m~ deviations between data capture, 
data proccssing activity, and actual data usagc ,.e 

m""Y· 
With allthesc potcn!ial data incon~•tcneies, it is no 

wonderthat repons frcquently don"¡ "match" bctwccn 
using dcpánmcnts and managers. This bccomcs a 
problem most oftcn during interd~parlmental decision· 
making or at higher reponinglcvels whcre consolida· 
tion of multifunction acrivitiel is imponant. Aucmpts. 
lo providc bcttcr data co,nsi..tency usu311y tcsult in 
"rcsystematiling" or "consolidating" exisling applica­
tions into larger oncs with broadcr problcm scope and 
d"ta defínitions. Thi• m ay yield a satisfactory system 
wit hin thc defíned scopc, but a1aín, as •li!! broadcr 

• problems are addrQKd, ther~ will undoubtcdly be data 
inconsistcneics betw~n thc largcr systems. Resystcin­
atiling atthis seo~ mDy be •~trcmely e•pensivc and 
difficuh tojustify, lct alone accomplish. Commut.s 
p1cvail such ao "otir systcms Qnnottalk lo one 
another." 

What has bccn dcscribed ¡, thc classical "boltom 
up" cvolution of data processing syuems. lo ordcr 10 
l>~sin to addrcss the dlta consistcncy problem. a 
d iffercm philosop~y m un be adopled relativo lo data 
managemcnt. This ts comrnonly rcferrc:d toas 
mana1ing data a~ a rrsource. This conccpt 1uggcsu that 
data is of consid~rabl e overal! value to an org~nization 

6 

ano.! ;bould be m~na~td ac~'Ordingly. lt should be 
polcnti~lly uvailal>lc ¡o .1nd ~h~rcd by thc h>t•l businCSII 
uniton a cunsistcnt b,ISÍ>. 1t shO\lld not be controllcd • 
by a limitcd organi1aiÍonal ..:gmcnt but by a centml 
coordinator, nwdt !ole <>thcr corporate res<>ur<:"•· such 
ucash and personnd. Thc managcmcnt function 
wuulú indudc forn>ul~ting po!icics and pror;cdures for 
consisten! dcfinition, sourcing, te eh nía! implemcnti· 
tion, u ... and security of thc data • 

An l/S Shuu!d Be Ablc lo Llvt Througll Organ11atlon· 
al and Managcn¡cnt Chnngc •1 · 

Many dDto procc.sing syst"ms and application' nrc se\ 
up lo provide the information necd! ofa specifle 
dcpanment or othcr organiutiooal cntity. Othcrs are 
buih wlcly on thc specific ~utput repon rcquircmen¡, 
of a parti~ular man¡¡ger. Both typcs can bccomc 
immcdiatcly obsolctc u pon a rc:o1anization or manage­
mem ehangc. A ncw mana1cr may ha ve his own ideas 
ns to what informntion is nceded to run the depnn­
mcnt. While thi• kind ofch•nge is inevitable. it can be 
upensívc from a data proccssing 5\andpoint. The data 
proccssing systcm, howevcr, should in na way inhibí! 
.manag~mcnt fk•ibility in a dynamtc entcrprisc. Tbus, 
the 1/S must antici p-.uc and be t;a pab!c r:llivingth rough 

. the long-term urgani•ational and managcment changcs 
of a hu>incss with mínimum impact ifthe e~pectcd 
rcturn on invcstmcnts i• to be realiud. 

Thi, objcclive c:~nnot be rcaliled withoutthc propcr 
&upport ve hiele fot t¡S, and thi~ vehide must be 
indcpendcnt of tbc various ~omponcnt¡ of the organi· 
zationa! ¡tructure. The BSP vehide iJ thc biUilrtu 
prouss," that is, a basic activity and dc.:i•ion area 
irrespective of any rcponing hierarchy or specific 
m.anagcment re•pon,ibility. A logic.ol 11:1 of 1hcsc 
proccsscs can be dcfined for any ¡y~ ofbusincss 1nd ,­
will undergo mínimum change aslon1 as the produet 
or service arca of tite busincu rcmains buically the · 
samc. . 

One cumple of a busineu prOCess ispwchasl~g. A 
panicular business mighl define thls as "thc process by 
which raw material! are acquirc:d from vcndors." There 
lila y or may not be a ..:para\ e organizationaJ unitto 
ltcomplish this proce.,., or indced thcre may be 
aeveral. lnherent within lhiJ proct:S5 are thc variouJ 
actiVities and dccisionl neccssa ry to acr:omplisb !he :. -
proc;c$5, 

Defininglhc organilalion's busineS5 proccssesl.! oru.: 
ofthc most imponant paru ofthc BSP mcthodolou, 
and the mcthod for doing sois ticd dirc:crly to tho 
prcviou$/y discu.,ed t/S framework, that i,, one bucd · 
on resour<:e> and planning and r;(lOtrol Levds. With 
thi• in mind it i, convcnientto define In organízation's­
business proccsscs in association witb eaeb ofits 
define~ resourccs. Emphasia in OSP is norm~Uy placed 



u pon e hose proccs.scs n=.sary lo managc che kty 
r~sc~rce. Ea~h rcsoorco ofa booiness can be thooght of 
as having a '"life cydc" madc up ofscvcral stagcs. A 
product lifc cyclc. for cumple. has four sta&cs: re· 
quircmcnts, acquisition. stcwardship, and retire me M. 
Tbe time sprcad of thc Ji fe cyclc can vary grcatly with 
che particular producl arca but is ofno conscqucncc in 
this approaCh. Business proccsocs can be idemified to 
describe thc major •ctivities pcrforrned and decisinns 
mado by the business in che course of nl&naging thc 
rcsourcc chroughoot iu lifc 9dc. Thcsc C<~n normally: 
be organilCd into a proccss hierarchy. and this is done 
V.:ithout rcgard "co organizational involvcmcnt or 
rcspomibility. 

Thc 'bovc •pproach rcsults in process definitions 
chal cncompass thc three planning and comrollcvcls 
prcviously dis~usscd- namely, Slfatcgic planning, 
managcmcm control. and opcra!ional control. Using a 
product rcwurce as thc cumple again, thc dcci!ion 1<> 
pursue a particular product area w<>uld be '"matcgic 
planning," che planmng and control dcdsions rclativc 
lo producl ~olumes or 'dvcrtisin& e~pcnditures would 
be '"managcmcnt control," and che decisions in arcas of 
engineering contrQI. m~nufaw~ring cffLciency. etc., 

. would ~'"operacional conlrol."" By u.<ing this approach 
for allrhc resou"'e' it is possible to define allthc 
bu sine" pr<>ecsscs t hal t•ke place within any organiza· 
lional scgment. This may be tempcred by practicality 
in thc actual aspas there may be !inlc trs support 
interesl for wme of the rcsourcu. 

. The 1/S Stratcgy Shuuld Be lnoplcmcn!cd By Sub5ys­
lcm Wlthln a T otallnfonua11on Archltcelurc 
There are scvetlll implications and conccpts associarcd 
with lhis statement. The first i' that a totalt/S lo 
iuppm1 the "cntire business unit"¡ nccds ia too big to 
build in any single projcCI. Howe,·er, beca use ofthe 
many problems assuciatcd with a '"bonom up" cvolu· 
tíon of 1ystcms (data ilKonsisrencies, nun·intcgrated 
aystein designs, upensive rcsystcmarizíns,priority 
difficuhie1, etc.),"'it is very importan( th arlong·range 
goals and objcctives fM l/S be cst•bli•hcd. The basic 
concepl. thcn. is tup-JuWII tts: plowoin¡¡ M'/th lxmom-op 
lmplemmtotiot< (Figure 3). . 

With this concept thc long-rangc l/S goal• and 
objectivc• are ide11tifoed throu¡;h a top·dovin planning 
process(thc BS? "PPWach). The identified oystcms 
are thcn implcmcntcd in a modulM building-bloo.:k 
fashion over !irnc "hilo rcn1<1ining consisten! with thc 
organilali<rn ·, bu•im·~< priorit i~• .• wailablc funds. and 
mhcr >horlcHcrm ··onsiderati<>ll~. Thi• philosoplly can 
be lilcncd to thc dct:oil dc•ign and construttio:in of a 
lar~c offi,·c hui!.! ing. " hi,·h wuuld be umhinluhlc 
witla>ut an archilC<."I"s llppro>cd drawing of th~ linished 
proxluct. 
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Thc ssP mcthodology, althooah oonsisting of 
considcrably more steps aÍld detail than shown in 
Fiaure 4, is consisten! with tbl$ philosophy. Stcp 1 of' · 
Fi¡urc 4, dcfining thc business objectivcs, is in tended 
to ensurc agreemcnt amon¡; all cxccutive lcvcls as 10 · 
where thc business is g<>ing, S<> th't the liS stratc¡;y can 
be in di~ct support. Stcp l, deJinin¡ cbe business 
proc""-'C'S. cstablishH thc prime long·term basis for liS 
support in thc businc!l. Step ), dcfining thc dara 
ciasse•, can be done on thc basi1 oflhe proccues t<> be 
supponed. A Jata clau, as thc namc implies, i.s a 

·major C<~teg<>ry of data nceded 10 luppon <>nc or more 
businesiproccues. For cumple, cust<>iner infofma· 
tio.i a a data dan necded in scvcrll procc~o~~ arcas, su eh· 
as order enuj; biUing. and distribution. This step 
rcsult5 in a definítian ofall the dar' to be m~naged ll a· 
resoun;c across thc businc~o~~ uilit. Stcp4. defining thc 
infon).'ation arehitccture. bccomes a stalemcnt of the 
long·tcrm l/S ohjccti,·c. Thís is norma!ly in thc f<>rm o( 
a gmup ofintcrrdated liS arcas 'nd thc auociated dJta 
to be m•na~cd. From thc information an:lliteclure thc · 
individual modules can be identified. prioritizcd, and 
buílt as <eheduled by the 1/S plan. 
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A significan! piece of 11\e DSP mcthodology is tilo 
tormulalion of a reoommended tnformDtion arcllitec­
turc. Thc intcnl is to devolop an implemcntation 
slrategy tllat can be buill in mod¡¡Jcs and y<t ptovidc 
juslifiablc return to tllc businc .. al cach stcp_ Tlle.se 1 
modules or implcmen!ablc picces are gcncrally n:fcm:d 
toas informalion sy>tems (1/S). Ea eh could be !hought 
ofao thc dcpo.silory or management point for a particu­
lar oet of th~ dala das=. As the data dasscs are 
implemcnted (a.sumed through data base tcchnology), 
il is po .. ible to providc thc information nccds for 
various business proce.soes. Each 1/S thcn normally . 
bccomes associated with one or more buoiness proceu­
cs and onc or more data classcs (oee Figure 5). Thc 
implcmcntation stratcgy thould obviously be in tune 
wi!llthc business nce<.ls. An i<.lcntificd liSis rcsponsi­
blc for thc cullcclion and maintcnancc ofits dala bases 
for tllc cntirc businc ... O!hcr, orla ter implemcntcd, 

systcms can draw on thcoe da!~ ba•01 u well d! ncw 
oncs lhatthey will creatc aml maintain. 

Mon of thc idcntilicd liS arca¡ will norma U y be. in 
sup¡'IOrl of proccsoes that are operational in nawn:., 
That ;., thc dccision arcas inbercru in thc processes will 

. n:late to lhc "opcralional oontrolH levcl of ¡'l!anning 
and control. Thus !hese us•S are IIOntctimcs refcrrcd lo 
u ~;~¡urallona/ c~;~nlrol syssmu. The managcd data i.! 
al.sO atan Opt"rationallevcl and is typified by much · 
detoil and quantily. A m~;~11ogemens consrol sy.<lem, en 
the otller haud (Figure 5). i.! in suppon ofa 
-managemcnt comroiH catcg01")' of processcs. IU 
managcd data would typically be summarizationsof 
thc intcrna!ly &cnerated operational data ¡dotlcd linea 
in the ligur.:) plus any other data (compctitive dar a, for 
cumple) as neccssary lo supporl thc procc.ue.!. By 
having "business plan" data in thc data baoe, tbc 
cxecutivc could ciTect control decisions by comparing 
actual ve mi¡ plan for his arca of rcsponsibility. 

ln summary, thcn: an: a numbcr ofbasic conccpts ·­
and philoscphics rclalivc to infnrmation systems u pon 
which !he BSP mcthodology is based. ·Thc mcthodolo¡y 
itoelf should be considercd ncsiblc in narurc. Tbat is, 
ccrtain steps ond tcchniqucs c¡¡uld be altcred in ordcr 
to adapllo specific •ituations wi!houl dctrimcnt to tbc 
final nutcomc. Howncr, thesc ba!sic concepu thcm­
selves should be conJidcrcd inviolatc. Thcy, in cffect, 
~;~re BSP. 
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·. 
Chaplcr 2. Ü\'Cnicw of thc USP Study Approach 

Thc kc ys lo Mtcccss in pldtlnint,. de velo pin ~. and 
implcmcntin& an information a"·hitccturc that cffcc· 
tiwly ~oppons thc busino•S. goal> are: 1 

• Top-down planning W!th bo!lom-up implcmuitali<>n 
r ManJgin¡; data as a cOrporal e resour<:<: 
• Oricmation around bu>Íness proCc:sses 
• Use ofa pr<'ven. comprdu~nsivc metholiolugy 

Chapter 1 •-~amincd 1hc firl>tthre<: at son¡c lcngtb. 

1 Thi• chaptcr givu an ovcrv1ew ofa provcn mclhodolo­
gy for lhc Bst• study which wil! be dolincatcd in more 
dctad in thc lullowing chJplcn .. 

Pcrspectlve 
Since nsr is pan ofa!Í overall cyde for pro,·iding thc 
businc>S with requircd information, itshould ~pul 
into pc:r>pc<.:dvc. As figure 6 sh..,...s, thcrc is a major 
junctu re bctween idemification of oven¡ll busines.s 
requiremenn and thc ,¡,-project pha&es for implemenl-. 
ing an l/S. Requircments are identifted loro total 
busineS> unit and then .i:parated into pr~jem that are 

• 

uodenakcn ·,, nd impkmenl cd over time. 1 n adJilion lo 
inform"lil1n IY•t~m.• projccts. lh~rc is ;t!so a «>ntinuing 
sct of projcciS covcrlng inf~rmalion arcbitc•turc and 

· informMion •ystcms man~gcmen\tlS'-11. ldentification 
of m·crall bu•in,'l':i ~'<'quin:menls Í> m>t reiterativo . 

_ un!= a major dmnge occurs "'ithin the bu•iness unil 
!ha\ "·ould change the ba5ic buoiness proccs.scs. • 

BSP is a mcthodology fur identifying !he business ' 
requiremen\s. 'lfnn en!Íre[;u•iness were not induded _ 
in thc BSP >lltdy. but only a componcntsuch us une · 
proflt center. udditional BSP slUdics wou \d be appropri­
ate for othcr business componcnts. 

In the past, and in many businesses toda y, projects ' · 
are deflncd lo address a funclional arca ofthc bu$lness 
withoul rcgard lo the total requircments of the business· 
un"tl. BSP con pru•hle overall direction for the total 
bu•inco.s bcfore ¡Hvje<:u are undertoken and then:foa 
avoid ¡he fraclionaiW.tion of data and iilconsistencies 
ofsystcms. 
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Thc top-down, bouom-up asp<=cts of !he BSP st_udy 
are renectcd in thc fo!lowin¡; 

- Bu•'""' 
• obioctl ... 

.... C. ·\, . 
Buolnou __ 

"'""'""' 

.. . . . ,:..!' \.L_--, 
~· O<O<onln¡. --· 

r 
''" 

lnlo!!noO"" ..... ., 

Thc study progrc~•cs from thc •try bro.:1d wodd in 
whi<'h thc busin...s uim down to thc data requircd to 
run !he husiness. Tbc data is catcgorizcd into data 
classcs that kad \o thc defina ion of inform•tion 
systc"'' Lo supp<lrL tbc busiMu proce>Ses and busine.s 
objcctivcs. Thc study stans with a colle<:Lion of f:"tJ 
about the btlsineu that are usually avail~blc in docu­
mcntcd furm tl~r<mglwut the organi7.ati0n. Thcsc fac\5 
are organizcd, ah•tmcted. and analyz•d by the study 
lea m and cnhariccd by ihe top ••ecuti>e, who npJains 
!he busincu and add• thosc points usually not docu· 
mentcd. Thc study progrc>scs toan idcmilkation of 
!he m.ojor -acti~ities ""d dcdsiun prnccS>cs iu the 
bu>Í!Ics; and thcn cJch ofthc e•ecutives is as~ed Lo 
validatc and cniJrgc u¡mn !he fact• that ha ve becn 
gathcrcd and aMiy>o..l_ Thc analysis ends with thc 
con.<•lidatiun and c'>onpari;nn <>f 1 he l:acts fr<>m all 
sour<·e;. From thi• undcr>Landingthe study ful!ows the 

.normal p.:~th of findinll" and concluli<>tis. recommenda· 
!ions. action pbn, and c.,ccutivc prcr.cntation for 
oom·urrcnco and >Uppon, 

Major Acth·itics 
A• Fi&u re 7 indi,·atc.<.. t he re are two majar a.ti~itics 
thot! procede a U~P mtdy anoJ clc•·cn in thc study >!>df. 
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wt.ile tlln.e activítios m ay be arri«< out in varying 
degrecs., nonc eim be omitted. Fíg~re 1 shows thew 
activiües ~nd thcir moM logic~l arrangen1cnt. Whcn 
onc" beco mes fairly familiar with thc BSP approach; 
howevcr. he can,as appropriatc,do parl ofa ¡ivcn 
activity and dctay the balance. Thc rcmaindcr ofthis 
chapter is a bricf commcntary on these major activities. 

GaininK Cummirmtnt 
A BSP study should not be started un les. a Lop cxccu­
tive sponsor nnd sorne othcr cxecutives are committ=d 
¡0 being involvcd in h. The stuJy mus! rcflect thcir 
view of tbe buoincu. 1nd the succesa of thc 1tudy 
depends u pon Lhcir providing the busineu understand­
in~ and information rcquircments to thCLcom. Most of 
¡he input will come directly or indircctly fron¡ thesc 
c~cc~tivcs. 

Sincc approval ofstudy rccommcndations commits 
thc company for s.cvcral years to 1 e<: na in direction in 

. thc use ofiu dala proccssing rcsourc<:s, ít is imponant 
aL !he outset to gct ngrccment on thc scope and objcc­
tivc• ofthc st>Jdy and on iu expei;tcd ddiver;~blcll. so IU 
to minimizc future misunderstandings. 

The mo.L importan! action following commitmcnt 
regards se! cct ion of the tea m leadcr, an execuüve who. 
will work fu 11 time in the &tudy and direct team activi­
ties. He sees that rorit~ct with other cxct"Utive• is on 
¡he prorer le•el and thl m puL from tÍiem i• interprcted 
correctly. A lctter from the ;ponsor Lo all panicip•ting 
executives sets the 1onc and signír.cs commiLmcnt. 

Preparingfur the Study 
Considera blc saving of time. a•oidunce of frustation, 
and higher quality ofoutput can be gaincd by proper 
st ud y prel"'r•tion: All uecutive panicipanu and the 
tea m need to know what will be done, why, and what is 
upccted of them. Propcr education and orientation 
will provide the bes\ input from thc ciccuüvcs Rnd the 
bcst use ofit by the team. 

lntcrvicwees are s.clcetcd as soon"' possiblc so asto 
allow for thci r orientation, •cheduling of interviCwll, 
and thc províding of information toche sludy tcam. 
For maximum efficien•"Y on the par! ofLhe team in 
working together full time durina the study, informa~ 
tion on the company and on data proceulng support is 
s• thcred bcl"ore !he oludy ktckolf. 

A conlrol room is cstabli•hcd so thnt the team m ay 
work togeLhcr .display relevan\ material on thc wal111, 
and conduct i;ttcrvicws. 

The major outpul should be a study control book 
co•Haining: a study work plan: a >Chcdulc ofintcrvicws 
and a s.chcd~lc of checkpoint rniews wilh the sponsor; 
an outline ofLhe fina! repon from the asp study: 1nd 
business and information system• dala, analy1.cd and 
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cbarted, and ready for the kickoff pc:riod." Tbis aaivitY 
should end with a rcvicw by !he BSP 1tudy sponsor. 

Comlnrti11g the Kit-k off Meeting 
Thc 115~ atud y iudf and !he f ull-lime panieip~t\on of 
the Leam membcr¡ starts with thc licl:.oiT mccti~&o 
which consim ofthrcc pres.cntotlon,. Firot, !he 
cucutive sponsor rciter~tcs the objcctivcs, e•peCLcd 
omputs. ~nd perspcctivc of Lhc uudy with :elation to 
other company activities and objC<:tiYc:!i. 

Thc ncxt prescmation is concerncd with ¡he main 
purposc ofthe kickoiT, which is to providc thal cach 
team membcr is o:<li\Vctsanl witb thc information that 
hu bccn sathered and to discuu thOK facts tbat mre 
not pan of thc "tnformation supp!ied. To accomplish 
Lhis the tea m leader "wnlks Lhrough" !he business facts;, . , 
that ha ve bccn sathcr=d and makessubjective rom· 
mcnu. and 1dditions on r~cu 1ha1 c:annot be R:ldily 
documented- politics and s.ensitivc issues, and changcs 
plonned and in proccss. He should also covcr thc 
decision process. how thc orpniution functioll.l, key · . 
people. major problcms, the user's vicw o_fDP support, . 
and the image ofthe DP department. : . 

The third presentolion is madc by the information ¡ .· 
systems director or onc ofhis mana¡ers.. who gives tbe · 
tea m a view ofdata proccssing analogous to what w:u · 
presenlcd for the busincu. He sho~ld also cover, 
projcc! Sial u• ond project con! rol, history of major. data 
processing project• 5taned in the last two ycats, majar •. 
curren! activiLiell. planned changes, and major 
problcms. 

Thesc three pres.cntations, added to the facts that 
ha ve bcen gathered and madc rcadily available lo lh~ 
wlm, sbould givclhe tcam an overall undcrst.and~g of 
thc buSiness and the present and planned data proo;css- · 
ing suppon. 

Defining Busines! Proce:ue!. 
No other activity durin¡the study can be quite u 
ovcrwhelmin¡ or as importan! as che identifying of the : 
busincu pi-occsses. Since thesc pr<Xcs.~cs fonn the ·_ • 
basis for e•ecutive interview11, the infonna¡(on architCC• 

·tu re. problcm analysis, dlta dass idcnLir.cation, añd 
various follow-oit aetivilics, evcryone on thc tea m must 

. acquire an undemanding ofaU lhc proe<:ues, and tbey · 
can do so by as.sisting full lime in 1hcir identification' 
ind in thc writing ofthcir descriptÍOIL$. The major 
ou1pu1 from thi• step wi!l be a list ofal! the pr~ .­
d~riptioo ofcach, and the idcnlir.cation ofthosc tht. 
Rre key to !he succcs.'l ofthe busineu. 

Dejining Datu Cltuse! . 
Thc dcfining ofdata classcs is the grouping of data into.­
lojjicaUy rcla!ed caiCJl"ories. This classir.cation, and Ít.l : 



,ub,cquent mo<l ir.cauon during the" follow-on projecu. 
· bdp• thc bu•inc .. dcvdop d~ll ba"'' over u me with a 

minimum of rcdundancy andina manncr tbat allows 
sy<tcm' to be addcd without a major revi~ion 10 the 
data ba•cs. Sin ce data muS! be rccogmzed na corpo­
. ratc •c.ource. it dcservcl the ll1Cntion rccommcndcd 
hcrc. 

Whcn the d6la da,;cs havc bccn idcntiHed. thcy are 
relatcd lo thc bu>inc.- procc .. cs in order to dcfmc the 
information ardlitccture. and they are related 1<> • 

· prescnt Hles to a_ .. ist in thc devdopment ofa migration 
plan. 

AnD/y:ing BruincssfSysrtmJ ReWrionships . 
Thc m a in purpo>e of th~> activity j¡ to show how data 
prpce>Sing currently •upport> thc business in order to 
dcvelop rccommendations for future action. The 
currcntly cxistin¡:'organizauons, business proccsses. 
information sys1cms (applicatinns). and data Hlcs are 
~nalyzcd lo idemify votds and rcdundani:ies, hclp 
clarify rcsponsibilitics. a nd runher thc undcrstanding 
ofthc hu•iness procc»e<. 

The n1ain analys,is tool is the motrix. and vanou• 
matricc> • ro developcd using combinations of thc four 
dcmcnts. The kcy matrix for thc e~ecutivc intcrvicws 

• i:s the or&aniution/ pre>ceos mauix. and iu intercept• 
denote thc decision makers. major and minor organiza­
tional rc•ponsibility for a procc ... and currem data 
pre>cc>Sing su pp<!rt. 

Thi• a"ivity will no1 only prepare the tu m for 
discussion with executiVes bul will also help them 
determine re'luiremcnts for information supp<!rl. 

Determining the E.recutil'e Per:;.pectil•e 
This activi1Y is an integral p.n ofthe !Op·down 
approach, hs purposc is to validate tite work done' by 
thc tea m, detcrnünc the objectives. problcm•, and 
information necds amltheir \·alue. and pin exccutive 
rapp<1rt and involvcmenl. The cxe~utivc inlcrview• 
provide thc busini:» under;tanding neceSJary for 
inforntalion systcm• planning. 

The major output con,im "f notes from the ínter• 
vicws, an update ofthc cunl«•l room charlO, anda new 
or improvcd •appo!l hciwcel\ the exccutíve and the HSP 
otudy teanL 

A~l·e.uint: IJusim'.H Pwb/,•ms 
So me ufthc hu>inc.s problcnts wcrc supplied a' input 

·during lhc f~ct·g•thcring Slcp. The>e wcre cxpamlcd 
Up<ln and complcmcntcd by the l. no"·ledge of the tea m 
and fín•lly validdlcd, cxpbincJ. nnJ dddcd "'in the 
cx'ecu1ivc intcrvicw. Thc pr<lhlcm> mu>t now be 

• a1Íalyzcd and rd.llcd l<> 1hc bu,inc>S pto«UCs so a> lO 
givc ¡;uidance \o thc scuing of pr.,jc,·t prioritic> ~nd to 

show clearly that bencr information will hclp 10 .o] ve 
the problems. . 

One ofthe la 51 activities in asscs..ing !he bu si neos 
problcms is lo divide lhem in lO thu>e which llfC 
information >ystems suppon problcm• and th~ "·hich 
are non 1/S problems. Thc non 1/S problcms will be 
delineated and given to the executi•c sp<~nsor to fotlow 
up on while \he informali<>n •yMems suppon problems 
con1inue to be ~ddrcsscd in rhe BSP ttudy and ~y thc 
follow-on ac-ti\l'tties. 

D<!fininK lnformo.tion Archirecrure 
This activ!ly reprcoents a major mo"cment from an 
eumination of thc preseot to a synthcsi• of thc future. 
h ís hcic that wc sketch future information symms and 
their acconJpanying data. 

Sy:s~cms may be vicwed as thc automaled portions of 
processes. Data bases are the computerit.ed pan of the 
total invenlory ofdata in the business. lnformation 
an:hitccturc brings order and structurc !o !he systcms 
and the data they create and use. Once it is mu"ured, 
it atlows for •tep-by-ucp devdopment lo migra te from 
the appiication• of toda y to the informalio¡, system• of .. 
thc future. 

Decau>e thi•task in vol ves drawinga blueprint for 
thc future, it deservcs !he auemion ofthe who!c Ita m. 

Derermining Archirectural Priuritie:;. 
Sin ce a total information uchite<:turc cannot be 
devdoped and implemented at one time. the team must 
ellabJi¡h priori tic• for !he devclopmenl of tite sy•tcm• 
and dala ba•cs. By decid in¡ whicb ofthe data ba~s ' 
should be designed and implcmented fiut, the tea m 
cstablishes which subsy>tems "~ll be detíned during thc­
follow·on projcct. This allows an early implcmenlation 
for a "pay-as-you-go" foundation and helps establi•h 
credibility for the babncc ofthe output from the BSP 
study. 

Prioritiz.ation is accompli•hed by devdoping a li<t of 
projccll from the suboystcms of the information 
•'rchitecture. thcn cstahli•hing a >el of criteria and 
rating thc prospccti\ e pr..,jccts against them. The 
analysis of the bu>ines> problems is a 01ajor contribÚtor 
lo 1his proccu. · 

Rniell'ing Jnfornration Sysll?ms JI.IDnag~nrl?nt 
(ISMJ 
The purpose of lSM isto nenlually e•tabli!h a con· 
trollcd environmem in whi•h the informatjon architcc­
turc cafl be dc•·elopcd. implemem"<l., ·and opcra1cd 
cfflcicmly 11nd dlcu i vol y, The jnfunn~tion sy~tcms 
fun.:tions are u~n>ined du•ing thc ns~ study lo idtnlify 
(1) any (han &es th~t could be madc imm"<l.iately tu 
en han ce •ucccSJ in th( follow·on projccu, (2) chan¡;cs 

• 
" 
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th~t are necasary to rroperlymanage and implement 
the high-rriority inf<>nnation archotecture projccl!. and 
(l) majoi activotie> th;,t Will becomc projws in thc 
follow-on to the asr smdy. Fulfillmcnt ofthis stcp is 
~italto thc >Uc.:c .. ful suppon of thc bo•iness }>Y \he 
data J>rOCCS5in; function. · 

Thc major inpun are thc information systcms 
supponprublcms from thc cxccutivc intcrviewJ.thc 
t~M problcms as identifoed by the liS director, and thc 
tcchnoloEics and >kili requiremenu of thc fin\ systcm 
or systcms. Additions an d/or chan&c• 10 the prc:Knl 
inform•tion systcms functions that are rcquired for 
planning, dcvcloping. and implcmcntin; are thcn 
idcntifie¡J and pul in priority ..,qucncc. This forms thc 
buis for thc dcvdopmcnt ofao action plan for ISM 
.,.·hich fccd• into thc action plan and repon from thc 
asr study. 

De~rluping Rccomnitndarions and Action Phln 
The purpose ofthe actioo plan isto RS5ÍSI managcmcnt 
in its l,]ccilions rc¡arding the rccommcndcd follow-on 
projccts. Thc follow-on projects will come from thc 
architcctu ral prioritics and from the information 
sy~tcms managcmcnt recommcndations. Each ofthc 
projects will ha ve becn dcfined·as a result ofthc 
activities in tho•c two arca•. The action plan brings 
thcsc togcthcr to identify specific resources, schcdulcs, 
and intcractions of tbc projccts. 

Another major part of thc action plan should be tbc 
idtntir.~~tion of thc >teps preparatory to starting each 
ofthc follow-on activitics. These must be uamincd 
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and silCd befo«: stan l,]atcs can be p.it on tbC follow·on 
projccu., so that manatcmcnt c:tn ;ivcthc direction 
necessary to movc immediately into tho.., preparatory 

· aclivities. 

-Rtpo'ning Rr:sult:. 
The purposc of the final reporr and exccutive presenta­
tion is lo obt>in cx..:utivc managcmcnl commitmcnt 
and involvemcnt for implcmentin~ rccommendations 
from rhe BSP study. The formal of thc repon wol 
q,rccd opon before the smdy was staned, but may 
have to be modified sli¡htly now, on thc buis of the 
study result•. Various pans ofthc repon should be 
wrincn durin~ thc asr study and fiMlizcd al this time. 

Thc repon should be prcpared as follows: 
l. lt should includc an cxccutivc summary. 
2. Thc supponing dctail, such as descriptions of thc 

businC$1 pro«sscs, should be containcd in 
appcndiccs. · 

3. [\ •hould be po..sible to utrnct highly confidcntial or · 
scnsitivc materialeas.ily and still bavc tbc ha !:In~ of. 
thc repon usable by al! pcol'le panicipating in the ' 
follow-on activitics. 
Thc repon provides thc basis for the e•ccutive 

pu..,ntation and thc distribution of the final rcsults to 
rhcse p.!ople designatcd by thc spon50r. After tbe 

. cxecurivc prc..,ntation, which is normally ¡ivco by thc 
tcam lcadcr, all otber relevan\ matcrialthat is nota 
p.oon of thc repon •hould be indexcd and folcd for rcady 
avallability in follow-on projecu. 

' 

' ' ' 

l 
l 
' 
1 

¡ 
' 



Chaptcr 3. Gainlng thc Comm.ltment 

The sue<;cs.• of a [lusinen Systcms Planning s!Udy 
dcpcnds beavily u pon !he eommilmcn! ofthe buoints~ 

'lo rompltle allthc relevan! activities and hccd tbc 
rerommcndations ofthe ltudy tea m. Thc 1\cps de­
scribcd iil this chapter should be completed andan 
a=ssmcnt madc ofthc commitmcnt ofall participanu, 
bcforc !he linal dcdsien is madc Lo move into thc 
r~ourcc depende m activities. Ccrtain situatiom ilnd 

· cnvironmcnts will be ronsidcrcd umuitab!~ ]'ora BSP 
study al this ilage. lf such is th.e euc, !he tcam should 
be prcpared to post pone asp unti! thc situation be­
comes more suitablc. • 

In sorne organization• therc may be a problerri in 
obtaining acccss Lo cxccutivc mana8cnientto cxplain 
thc objectives and expco;tcd results of a BSP study. lf 
10, thc following actions should be ronsidered: · 
• Arrangc an exccu!ive vilitto anothcr business that 

has ¡ucceufully eomplctcd a BSP study 
o Invite a senior tBM cxecutivc 10 distu"5 information 

•y•tems planning whh thc appropriatc exccutive in 
your organi~~tion . 

o Conducl an exccutivc bricfmg seuion specilically. 
for your uccuti,·es 

• Conduct an cxccutivc p!anning "'ssion- a servicc 
o!Tercd by taM 

o Inviti. thc exccutive loan executivc informatiuu'' 
scssion conducted al an taM Customcr Exccuüvc_ 
Edu~tion centcr , 
Thc tBM repre,entativc can hclp sct up any oftl"''c 

activities. 

Establishing the Stud,Y ScOpe 
Normally th'e ~~ccuüve sponsoring the $]udy (callcd 
the uuutlu JpOIISOr) will se lea !he soopc ofth~ 
organization 10 be •tudi<:d. This busine.s uní! mU•t he' 
defined so that all participan !.S cin rccognizc !he 
boundarica withill whieh their ao;tivities w¡U be 
concentrated. 

In general, th.e selected se¡ment sh'ould ex ten<! tu tho 
up~r levelo of the orpnizatibn, indude more th>n ""• 
majer funo;tion, and be ef siiiJiificant imponanec t" the 
or¡anization in that it contributCJ a majer porti<¡n ur 
the r<=vcnucs, profito and/or services.. 

11 usineues who"' aetivities are partieipated in by 
muhiple funetional unit.llend to gain more from a Us¡• 
1\udy than thosc that are more simply structurcd, 

M0$1 oompanies pctformin¡ a BSP study choo•c" 
major opcratin¡ di vis ion, a group of divisiom. or 1 he 
en tire organization (>ec Figure 8, options l-3 '"'ll''<'• • 
tively). In uch case it should be possiblc to define 
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bo" nda riei for 1hc study scopc. indud'tng thc mea•u rc­
mcnts for asses•ing c!Tcttiven<:SS. · 

Sctting Study Objcctives 
Study uhjc<ltves ,hould now be delíncd. OC>Ojl objcc­
livcs .,.¡¡¡be capablc ef bein¡¡ •••tetl dearly and ton­
cisdy. They wiU ha ve criterio thor can be applicd to 
meas u re the degrcc 10 which they ha ve been mct. ln 
addition: thcy wiU be: applicable ID 1hc specifie requin:­
mcnls of the mganizalion le be studicd. Finally, they 
wtll be capable of llcing s~l',.ticd by the ~SP srudy leam 
working within the defincd Sludy Sto~-

Specitically, a sludy tUnt'< objcclivcs may be ID~ 
• Providc a formal, objcctivc merhod for manAgcmcnt 

ro cstablish information •Y•tems priori tiC! withoul 
r<:ga rd for provincial intcre¡ts 

• Pro vide for thc dcvelopmcnt of information systcms 
that ha ve a long life. protccting thc systems 
invcstntcnt ,-<;r 

• Providc that the data proccss!r.g rcsources are 
nt anagcd f or the most eftici¡:iíi- and effcclive support 
of lhe busines.. gnals ~.'-

• lncreasc uccutioc centi<.lcncc thar hi¡h-rcturn 
informarion oy>lcms w¡JI be produce<l 

• lmprovc relationship betwecn the information 
systems departmenl and thc USCI'$ by pro•·iding 
>YS!Cms rcspon>ivc to the uscrs' rcq u iremcnts and 
prioriticJ 

• Jdcntify data as a cerporatc resourc'e that sheuld be 
planncd. man•E•<l, and contrcllcd, in order to be 
usod ciTcotively bycveryone 

Dcl'cloping Business Reasons for the 
Study 
Therc are severa! factors that may makc a given 
business more difficuh ro do a USP s1udy for than 
others: 
• M ajur rcorganitalinn or tlaiiSformation of ton! rol 

1aking place 
• Oeographkal di vcroity, ncccssítating signifLcanl 

travel time 
• Wcll over 20 executives who must be interviewcd -
• M ultiple indcpendcnt sub-organi1ations wilh 

a u tonomous <.kci>~on making processes and ..,¡¡h 
uniquc lincs of pwducts/services serving divci'$C 
markets 
These f<~ctors should be rcflectcd in a briefrcport 

(two or thrce pagcs) containin¡: 
• Starcmcnt of the study seo~ 
• Study objcctivcs 
• Pn,irive cumriburions ofa DSP >ludy 
• Ob>tades LO .uc.:es..ful cempletion 
• Rccommendation cither te proetcd with BSP er 

po>lponc it 
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Curren¡ partie~panu sheuld rrcsent this rcpOrt toan 
executlvc ef tbe organi:ation and gain agrecmcnt on all 
issucs. Assu ming ¡h.tt th e tcport tccommends proctcd­
ing with nsp, the mectins shouiJ rosult in a commil· 
ment lo: 
• Appoim a study tea m leadtr 
• Rcsource thc study leam •• appropriatc 
• llave open communitation offutun: pl•ns and 

curren! data amon¡¡ allteam membcro 
• W rile a s1udy announe<:mcnt lelter lo exeo;u!ives of 

the organization efthc form shown in Ap~ndix'A. 

Resourcing the Study Team 

Charucreristic:r 
. 1. 

Sincc thc study tea m is n:sponsiblc for determinin¡ thc 
infonnation nccds ofthc cntire business and utom­
mending thc naturc of its data proce .. ing Opei'O\Iions 
for years ro tome, thc sc!ection oftcam me m be~ iJ 
very impetlant. 

Thc people chosc.n 1hould: 
o ] lave sc.vcral yealli' ex~ricn<:e within thc orpniu­

tion, a sound knowlcdge nf theirown atea, and •n -
apprcdation of the rnt of thc bu sin= 

• Be able to undel'$tand and dcal analytic.ally with 
prcblems 

• Be willing 10 tommit Lo condusions and recommcn­
datiens that will ha ve a far-ruehing eftect on !he 
erganitation 

• De perceived by othcr management within rhc 
organilation as eom~rent and responsiblc business­
m en whose opinions will carry considerable wcight 
In short.the bcst pcople for thc study team are lhC$C. 

who are airead y in high dcmand and diffio;uh lo makc 
availablc. 

Orguni:arion and R~sponiibifitit:r ... 
A possiblc organization structure fcr lhe study team iJ 
dcpictcd by Figure 9, While mi.Íor varialiens are. 
pos.iblc, lhc followlng fundamental rcsponsibilities 
need to be a.ni¡ncd: · 
• Execulive Sponsor 

Visibly endo~e and supporl thc study ciTort: 
Rcvicw prÓ¡¡rcss and findin&> during thc study. 
Rcccivc the final rcport and makc thc approval 
<lecision. , ,, :·:.-, 

• Tcam Lcadcr ''·'·· 
S<:e thatrhe s1udy is •uccessfully complctcd 
l'mvide evcrall direction, makc kcy business 
judgments,and act aJ liaUon with otherueeu­
livcs ef the organizatien, 
Direc1 lhc sllld y eiTon on a d ay·lo-day basis and 
mganize a!l ncccssary administratinn forthe 
tea m. 



o Team Mcmbtrs 
Pnrlicip~lc in at le••l sorne, if no! aH. intcrvicws. 
Analyu: thc data culle.otcd and c~ccutive pcrspcc­
tives cxprc.-cd Juring thc •Ludy. 
Dr•w oonclu~ions nnd ~rform repon writing 
taski. 

• ·Tcam Sccrct~ry 
Do typln&, liling and general sccrctarialS<:rvicc.•. 

' E•ocu<i .. 
IPotiiOI 

'"" loodor 

-i 1 

-
Too m - '"'" ooe""'V ••• 

1 1 
f unoti<>n>l f unctionol "' .. '" "' 

s.o,..¡~~, nu.t, ,..., orgoni.,Uon 

Fiaur< 9 S•mplo 11ud¡ "•m urpml.llion 

Con:1ideration.f for Fui/· Time or Par/· Timt 
Srmly 
To oompound rhc problcm ofteam W'l«rion. a DSP 
study is intensivr in naturc. and is bcst pcrformed on a 
full·rimc basis. Wlnlc pan-lime Jtudics may ap~ar ro 
bt casicr ro rc;ourcc and may bt succcssful, rhc)" are 
oftcn eh a '~'Lcriltd hy dcadlinc and continuity prob· 
!cm• lldorc cmb•rl:.ing on a pan-rime study, aJSu"r­
ancc •hould be ¡;aincd thar: 
• Tbe rcam w!ll he vcry wcll managed. That is. thc 

1 ime. dfon and s~ill> rcquircd ro tighl!y conrroltbc 
worl ochedulc musr be available and commined. 

• Momcnrum"will no\ be lo>\ a• a rcsuh ofinactivity 
during the 5!Ud)". 

• Astur e use willl>e madc ofrhc adminisrrati,·e 
•upport availablc ro cÍli:cti\ el y utitize thc time whcn 
rhc l~am is n01 in se-síon lo prepue and ty~ drafis, 
update chan•, cte. Onc full-timc membcr may bt 
hclpful. 

Manpowtr Requirement~ 
lf thc intent and mcthodology of osP are rcasonably 
followcd, and tbc l1udy rcam i• fulltimc. thc rcsoun:n 
rcq uired ihould fall within thc following limito: 
• Numbcrofream mcmbcn 4·1 
,· Numbcrofweeh 6·8 

These widc varíations can be c~plained by signífi· 
tan\ variations in orpni.z.Jtionalty~ and size~ as 
wcll as study objcc1ivcs. 

Stlection of Team Letuler 
The liUCCCS5 ofrhc ~Wdy dcpcnd•largcly on thc person 
~lccted by rhc cxcculivc sponsor ro lead thc tea m. Tht 
tcam lcadcr "·ill be knowlcd¡eable in buWncJS manen 
and ha ve a broad per1pectivc ofrhc bu•inc••· With 
tírst·hand l:.nowlcdgc ofbow the various dcpanmcnts 
of the business imcract. and whcrc dctailcd inform~· 
Lion abour the operarion ofrh~ businen can he ob· 
tained, !he lcadcr can savc thc tea m valuable time. 

Activities of rhe tea m leadcr induJe: 
• Conducrin¡ thc ~tudy ream orienlation scssion 
• Conducting a lickoffmeeting for tcam mcmbcrs ar 

thc our,cr ofthe formalactiviries ofthe BSP study 
• Scuing and con r.rming cxccutivc session schedule• 
• Managing che lo~Í>lie> of !he study, including 

day-to-day administration 
.o Providingguidancc and bu•incS!I ~"~ctive 
• l'roviding rcsourcc material 
• Maintaining thc schedule 
• l'rcscnring the study rcportto managcmcnt al thc 

romplction ofthc study 

Sporuor's Le/ter 
Thc lcam lcadcr is now in a position Lo oomposc a 
study announccmcnt lener Lo be signcd by thc ch>ef 
cxecutivc officcr and distributed lo the e~ecutives who 
control rhc major functions wirhin thc scopc ofrhe 
stÚdy. Th~ l~llors <hould cover: 
• Objectivco ofrhe program 
• Pocentia! value to the organizar ion 
• Nccd for functionol e•ccutives to be involvcd 
• Need for candor and coopcrarion ofcUC\l!Ívcs 

A umple announccmcntlcrtcr is included in 
Appendix A. 

., 
' . . 
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Chaptcr 4. Prcparing for thc Study 

U>ing the criteria c.>~~hlishcd in C'haptcr 3,poten!iRI 
((a m memb.;rs are identiricd. Final scle<:tion is nor­
n~<tlly pcrfurmcd hy thc team leadcr and 1h,c CAccutivc 
>fhl'"'"', Th~ information systcm> ro pruentativc on 
l!lc study tea m o•ill providc cuntinuity for 1hc activitics 
thal wil! follow thc IISP study. Ea eh te,1m mcmbcr 
nlust be thoroughly br'tofed on !he ntagnitudc and 
j1nportancc of thc ,¡udy and on thc c~ecucivc sponsor 
C<Jmmitmcnt to 8SP. . 

A prcpar~tiott pl~n wil! be prcparcd by the tea m 
lcadcr with ll.:l>istance from JBM pcrsonncl. Thc major 
tash aro: 
• flriefing the study team 
, Gathcring data on th~ businc., and informalion 

oystems 
• Educatin¡ tcam mcmbers 
• l)evcloping thc study work plan 
• Definin¡: the study rcport and ancillary output 
• Creating an e.oculivc interviewlin and schedule 
• Briefing participating executive:s 
.• Obtaining a suituble control room 
• Arrangin¡¡ for administrativo support 
• ltcviewing 'Vith u~tive sponsor 

Thesc ta~ks, many ofwhich can be performed 

1 
concwrently, are describcd in thc remainder ofthi.s 
chuptcr. 

Briefing thc Study Team 
Tllc l<Jill leader, a.sisted by experienced lB M pcople, 
should hold a half- to full-day orientalion ac¡sion 10 
brief the study tea m on such to pie¡ as: 
• OvervJew of DSP. This can include dcvelopment of 

thc HSP concept, •wdy methods u sed. outputthat 
n1ay be u pccted, and refeunccs to rcsullS obtained 
in cther BSP studies. 

• ltevicw of activilies tO dale. The tea m leader 
presents the seo pe of the study, states its objectives, 
and [ead• a discussion of the business reasons for 
conducting thc BSP studics atthis time. 

• Sludy preparntion plan and •chcdule. Oenerally thc 
team leadcr will have prepared a draft plan and 
schedule. Afler th i.s has b<:en presented, the team, 
oporating as a working committee, should critically 
rcview the plan. · 
Thc teader should also discu .. with team mcmbers 

¡he allocatiun ofthe preparation acti~ities. As a work 
group. the re~ m should divido !he nctivitios among 
thcm<e! ves. In general, di•tribution of the workload 
among the ~arious !ea m membors dcpends on how 
nuch time they can devo!e and how dosel y the tasb 
relate to 1 he ir rc~pcttive functions. 

" 

Gathcring Data · · 
To pmv id e a Nsis of information the tea m ahould 
o:stabl~.>h a rcfercn<.-.: library of boch business and · 
informal ion systems documcntation. Data ofvalue 
wi!l be of two typc.; 

General Business 
• En,·ironment _ 

Extorna!- economic. customeu. technology, 
competition, ~vernment, supplicrs 
lntemal - corporal e policies. practica, eonstrainlS 

• lnduwy position and industry trends 
• Planning process and calendar 
• llusinc.ss plan- go.als. objectivcs. mategy, ruourcu. 

schcdules. financia! -
• Qrganizotion charts- po<ition, names, numbers of 

people, ond expected changcs 
• Key decision makers 
• Major business measurements and control 
• Major studies. task forces, commiuces during tite. 

pre~ious thue years 
• · Major problem areu 
• Pmducts and markc!J 
• Geographic dimibÚtion 
• Financia! statistia 
• Sizing stalistics (vendors, employees, o!ders, cus· 

¡omers. shipments, purchasc ordcrs, etc.) · 
• Project initiation and funding P= 

lnrOrmatlon Systems 
• · 1/S plan - goah, -objec!ives, strategies, re:sourccs, 

schedu[e:s, ()nances 
• Policies and practices 
• Organization charts 
• Planning proccs. 
• Major •tudiel, task torees. eommittces durin& 

previous threc ~ars 
• Gc'ographrcal distribution (C<:Juipment,terminals, 

communication facilities) 
• Software environment 
• Projcct initiation and fundlng proccs. 
• Systems justifica !ion requiumcnts 
• Standards/guidcli~es . 
• History ofmajor proje<;IJ staned in thc lasttwo 

'=" • Present and planned systemJ and data bases 
• Major information synems problems 
• Sizing statistir;s (number of programs, jobs per 

pcriod, userJ, files. data elcm<:nU, and tu mover) 

' 

i 
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Educating the Team 
To cnable a smooth, ~oordinat«< ~ntry to the BSP 
ilody, lhc lea m mombors should undcrstand tilo 
printip!es of the BSP methodology. Sorne undcrstand­
ing ofthe mcthod ofimplemenlation, plus a revicw of 
lhe nalure ofthc outputthat can be expectod, wiU also 
be ofa<lvanlogc Lo thc tea m members. 

Tllt uam leader, working with tBM persono el. 
. slloold cotabli>IJ an edueation plan for lhe team. 

l'"ormaiiHM educa \ion is availablc and thc JocaliBM 
office can supply detail>. 

lt i& recommen<.le<.l thnt allle~m membe" should 
a\lcnd thc same t<:lucation se"'ion. 

Developing the Study Work Plan 
Intensivo study actiYity requtres appropriate planning · 
•nd assi¡¡nment oftasl<s. A work plan will document 
al! lhc luown ta>ks and indicale major resource 
allocation rcquired to complete thc study. Thetcam, 
worling undcr thc guidance ofthe tea m kader. should 
devclop a study wor~ plan in kceping with the scope 
and objwives previously established. · 

Therc are so me study o;ontrol points that should be 
ochedulcd in the work plan (e.g .. scc Figure 10). The 
lea m should con•idcr whcther addi1ional control points 
•hould be cstabl"tshed in each pllrticulu s1udy. 

When the nclivity and project control checkpoints 
ha ve be en ~•tablish.ed. they •hould be combined into a 
single ution plan. This pbn can be represen'"d an a 
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Establishin'g a BSP Study Control FiÍe 
Th( c.onlrol file ~hould he C>lablishcd 10 coma in all 
malcrial pertaining \U 1he ~tudy. lleca u ..e of !he nalurc 
and n u mbcr of !he documento involved, 1hcy should be 
stcred in a lochhle filint c.<binct. Suggestcd c.ontcnts 
indude: 
• Key corrcspor.dcncc 
• Statement; uf ohjcctiYc> and scope 
• Projec\ plan 
• Schcdttlcs 
• Data galhercd during preparation 
• Documcntation of comple!cd analyscs 
• Executive intCr\'ÍCw notes 
• E~ccutiVc intcrvicw •ummarie• 
• Project control rcview meeting notes 
• Recommendalions 
• Rc¡mrt and prc<Cntation 

Defining the Structure ofthc Final 
Study Hcport and Ancillary Output 
The outline (and tablc ofe<>nlcllls) •h<iuld be CS!ab­
li~hcd as carly as po.,ible. Tea m mcmbers should be 
a>.Signcd speciJic rcspomibilily for sccti""' uf !he 
rc:port. During the •tudy ¡>eriod. it is !he assiancd 
mcmbcr's doty lo coordinalc and dclivcr their •ec!Íon. 

A lypical Study Rcpurt Wtil conlain thc fo!lowing 
tapies· 
• bccuti,·e summary 
• Purpe><e. scope ""d objccti•es 
• Mcthod of"udy 
• llusincM perspectivo 
• us rc<>rcrti,·e 
• F1ndings and n'llch>inns 
• Rccomme~d:uio~s 

• Action plan for follow-on projerts 
• Appcndiccs '" rcq11ircd 

Beca use ofthc na tu re of a asr study, doc.,mcnlalion 
crea tal during thc study ""Y pruvc valuablc to func- . 
tions within lhc bu>incM. Whilc 1he dato an<J analy•c• 
are curren!, thc tea m shculd cndeavnr to publish these 
documen\5 a< ancill.~ry output to thc formal repon. 

Crc:lling Excculh·c lntcrview List and 
Schedule 
A prchminary list of cx.ctl\Í'-'C> to l>c intcrviewed 
>hOllld be ¡>re pared "' ca1ly a1 pos¡iblc. The exccutivcs 
.tlected ~illnmm~Jiy be within thc top threc le•eh of 
che company and l•c rc•ronsible for the majar func­
tio"' includcd n·ithiu !loe 'lltdy scnpc ·stalcmcnt. 
E•ccutt~C• with n,,.,.,•.,mpany rnronsibilitic.• •hould 
<¡¡\,o be considcrcJ, Sincc !he necd i~ for a perspectivo 
rathcr !han <f'C<.'Í ¡¡,- d,·tatlcd informa\Í•lll. thc ideal 
caudidatc is !he,..,;.,, cxccutive wíth di>crc\.1: functiun­
al r<>f>OII>ibility, e ¡;., director of linance, manager of 

production plannin¡. director of marketin& opera! ion•. 
The tentntive t•ccutive list and schedule should be 

prcparcd by 1hc tea m leadcr. Sorne other ~ames may 
be added tn the li>t during 1hc •ludy a• tbc 1cam ¡a1ns 
knowlcd&e of thc oompany't proccssu. Whcn crcating 
thc schedule. !he lea m leadcr should oon•idcr all 
factors !ha! m•y inhibit !he full panicipation of th~ 
eu~u1ivcs -· vacation, imponant busineu meetinp. · 
public holidays, cto;. 

Tllc li>l of proposed exi:cu\ivc parlicipao\s sho11ld be 
rcvicwed and approved by the exeru1ivc lponsor. 
Additions or delction5 should be made and the suppon. 
of thc executive sronsor reemphasized, 

To enablc 1he cxecutives to prepare: for thc inicr­
vicw, an invitation letlcr sbould be scnt atleast one 
weck berorc the imcrvicw. Thc tener should al.io 
conlirmlhc time and place for the interview. Rcfer­
cnce lo the uudy announccmeotletlcr prc:viously 
•igncd by !he chief exccutivc officcr •hould cmphasize 
thc imponanc.c of C:xcculive panicip•tion in thc study 
(sce Ajlpendix B). Ei1her within the body ofthe 
invilation leucror asan a\lachmcm, a li•t oftopio;s for 
discussion duríng the intcrvicw should be includcd, 
8oth the exccutive and the tcam members shou!d use 
thi•topicat outlinc lo make the discuMions more 
fruitful. Po.,ible topics includc: 
• Rcsponsibilities 
• Objccti•es and plans to achicvc required resuh, 
• Bu sine,.. problcms and value ofsol•ing thcm 
• Oppouunitics for improvement 
• Major tnn~uremena and controls 
• ldcntilication of thi: key business are" 
• Anticip"tcd chan¡cs (products, organilalion, cte.) 
• l::valuation ofcurrent liS suppon 
• Rc:quirc:menu for futurc Ir.> ouppon 
• Value'ofthe required 1/S suppon 

Briefing Intcrvicwccs 
Thc ;.ckcicd e•eculivc¡¡huuld anend a briefing scuion 
prior to thc commencenlcnt of the exccutíve perspee. 
ti ve segmcnt of !he BSP study. During this prcparation 
phase, the cxeculive bricfint~session should be pro­
pared. prc>cnlérs selcctcd and exhibits prcpared. so 
tha1 1he scssion may be dclivcrcd atthc appropriate 
time during the •tudy activitic1. 

Major l<lpics which >hould be includcd in the 
briefing are: 
• E•~cutivc lcvel ovcrvicw of BSP 
• S1udy ~cope 
• O~jcctivc. l>fthc nudy 
• D11sineo.s rcawns fo¡ ronduc\Ín& !he study 
• Revicw oflhc expccted output 
• .bccutivc invoi'-'Cm"nl- why, and what ís expcctcd. 

oftheu~cutivc 
• Schodulc fur exccutive i~tcrviews 

" 



Obtaining and Equipping Control 
Room · 
Effecti~cncM of tbc BSP study dcpcnds on ha~in&a 
worhoom n»igntd forHJ duration. Th·,. room is u1cd 
bolh as thc wor~ loealion for tbc ¡cam a/'d for eu~u-" 
ti ve dis.cuuion 5CS.Sirin aw•y from !he cxeculivc's office. 
Tbis approacb ha• Provcd vel)' ciTccti~e in allowíng 
c~cculives tu rcvicw ch.ans and di•gram.s on displ~y · 
and 10 conccmralc on discussions WÍlhOut inlerruption. 

Thc >tudy room should be: 
• locatcd away from ¡raffic and noise 
• Large cnough 10 accomm<ldatc !he sludy lea m plus 

one or two olbcr pcoplc 
• Equipp«l wilh a large ~ble, blaekboard. flipchan 

stand, and loclable storage or filing cabincr : 
• Able to accommodate thc po~ning ofch.ans Oli tbc 

walis 
• Sccurable lo protcct scnoitivc information 
• Equippcd with a ldephone only iftbe telcphone can 

be dii>COi!n.c!ed during e~ecutivc intervicws 

.. 

" 
' . 

.. 
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Arranging for Administr:•tlve Support · 
Typing and ¡;cneral admini>lralivc suppon wi!r be 
rcquircd by thc study lea m. This suppon shOuld be 
cslimalcd and organizcd l><f<>rc thc major study 
acu~ities are undenaLen. Administrarive aclivitics will 
b< conccmrated loward thc l.tller pan of thi: study and 
will include e~ecutive discussion summaries, work -
p!ans. status repoJÍs., resull• of anal yses, chans, nóal 
repon, conflrm~lion of inlcrvicws, and general secrc~ 
1:1rial suppon. 

Reviewing with Executive Sponsor 
Completion of thc stud y prcpararion is indicalcd by a 
su.::ttnfol review meelint with lhc «<:<:otile sponsor. 
Any is.mesthat may have arj¡cn durin¡ tbc preparation 
ohou!d ha~c be.:n resolved by lhis time. 

ltems to be reviewcd with exccutivc sponsor are: 
• General rcsults of the preparation 
• Study work plan · 
o Defmition ofthc slody output 
• Appro~al proces¡ 
• laecotlve selection and discussion schedule 
• teucr of invitation lo be .sen! 10 sclcctCd ueculivcs 

EY(:I)'lhin¡ is now prcp.arcd for thc slan ofthc BSP 
•tudy. E•pericncc Hu shown that if allthc Ílcms . 
dis.cus.scd in Chapters 3 and 4 ha ve b<cn com ple1ed, !he 
study re:sults should be of high qualily. 

·' 
·' 
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Chaptcr s: Conducting thc Kickoff Meeting ·'. ' ' . 

Conducting the kickoff meeting is tllc first major 
activity in thc formal cxccution of a 8Sl' otudy. Thil. 
and the next líve major activitico (>« Chapter:s 6-10) 
a~ all aimed al undcntanding the busineu rcquire­
mcnts and data proccssing support as itexist• toda y at 
wcll as busine" rcquircments for thc futuro. Sin ce this · 
undcrstanding is vital to thc sucoeu nfthe study, all 
tbese aclivities m un be carried out ronKicntiously. 

Sponsor's Opening 
Thc kickoffmcciing ohould be auendcd by aH study 
tea m mcmbcrs. Thc execulivc sponsor opens !he 
meeung, cmph.,izcs the busincs.s rcasons for initialin& 
thc •tudy; and cxplains thc •i!',llifkancc ofthis high­
priority prograr.JtO thc company. The sporuor m ay 
a loo rcitcratc thc objcctivcs and seo pe ofthc study and 
expccled outpul, ond offcr personal commitment and 
suppnrt in the intercst of >«ing a succcs.sful complclion 
to thc sludy. 

Revicw of Study Work Plan 
The study lea m leadcr rcvicws the work plan and ¡he 
GanU chan or calendar dcvolopc:d during thc study 
· prcparation phasc. Thc work plan is uscd as 1 point of 
dcparturc for discussing aod finalizing: 
• Majur cvent<, major outputs, and •cllcdulcs 
• Individual a.>signmcnts 
• Projcct control 

This review can al so serve asan opportunity to 
discuss adminimative dctails, su eh as •ecrctarial 
support, handhng of phonc mcssascs, working hours. 
officc sccurity, expense charge numbers, etc. 

Business Revicw 
The tea m leader should be prepared to prescnt, in 
summal')l form, the busines.s relatcd information 
gathcrcd during the >tudy preparation phase. This 
inforn1ation may b< new to mosl tea m mcmbcrs and 
should serve to broadcn thc busine .. pcrspcctivc ofthe 
1eam u a wholc. 

Presentation emphasi• should be givcn to business 
goals, objcclive.> and matcgies: busin<ss problcms; 
organiations; gcography: cnvironment: and to infor· 
mation relalivc lo unJcr.tandiog the major resourect of 

the business- ca.sh, ~oplc, facilities, matcrialt, and 
producll/scrviecs. 

Sorne of lhe material prescntcd will be continuaUy 
f<>CUocd u pon throughoulthe study. This sdccted 
information should be poslcd in the control room. ·Thc 
tea m lcadcr may also clcct lo distributc hard-copy 
handouts to caeh team mcmber for their own pc:nonal 
revicw and/or rcsurdl, In any case, all preuntation 

· malerial, including dctail b.aclr.up, should rcmain in the 
control room for continued rcfetl'oo;c. M u eh nf it wíll 
be pla<;<=d in the Study Control File. 

Information Systems Revlew 
Thc director of 1/S, or tbc tcam mcmber reprcsen1in1 
l!S, Jhould prcscnt, in summal')l form, thc material 
gathcrcd during study prcparation. Th is wm cnablc 
the study tea m to undcrstand how liSis currently 
supporting th busineu and planning to support it in 
the futurc. 

Thc majnr projects installed or being dcveloped 
should be discus.scd with 1he •tudy 1cam. Thc discus­
sion shnuld include whcthcr thcsc proj«ts have mct or 
wiU mcct thcir obj<Qivcs. 

Anothcr arca tb111hould be discu.sscd is how data 
proccssing interfaces with it.o users, the rcsponsibility it 
has in thc developmcnt and justifica\ ion of applica­
tionl, a,nd who has responsibility for data within the 

. company. 
A ropy oftbc pll'SCO!Ition sbould be madc available 

to the study team mcmbers, u it will help them latcr in 
thc &ludy- cspecially during the imcrviewing and 
whcn thc tcam members all' devcloping their conclu- · 
Jions and rccommendations. 

The following U an outline for prucnu.tion ofthe 
t/S funtlion: 
• Mis•ion and objcctivcs 
• Histol')llnd background ot da\1 p~g 
• Organizations 
• Overvitw of m.ajor application systems lnstalicd and 

planncd 
• Rc!ationship with usen 
• Project approval proccu 
• Key problems and chalh:ngea 

' 
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Chaptcr 6. Dcfiniug Uusincss Proccsses 

For purpo•t• uf 1 he llSP •tudy. bu.<incss I"OI.'Csscs are 
Jdinod ~> gr~"l'·' o[ loglra#o' n•lal<'d d«hioNs mod 
a<·tiviue.• n•qolit~.l 10 man<1¡¡t' the r<'>'alurer yf /he 
'""""'"'· Thcy "ro •tudtc<l and iJontifie<l wilhoul 
rcg~rd to tho org~ni>.ation rc-spon•iblc for tite m. Thc 
roason for dcflniug the pruccsscs ís tltal <loiug so will 
provi<lc or lcad lo; 
• lnformdlion ;y~lcms w'olh a largo degrec ofinde­

pendcnc·c from organit.atioil changes 
• A con1prchcnsive u ndemanding of how the busina:s 

accomplishes its over:tll mi<>ions and objecLives 
• A ba,is for s~para1ing the s!ratogic planning and 

ntJnagcment control pnxcsscs from opcrational 
c•on!rol pr<Xe»<:s 

• A basis for dc!'ming re<¡uircd informa!ion archit«<:· 
tu re. determining its scope. dc!ining it so asto make 
it mo<.lular, and sening priori tic> for ÍlO developmcnt 

• A ba<is IOr ddining by data rcquircmenll 
Li>t> of process.c., a long with sorne sample de..:rip­

tions from both tl<e public An<l prívate sector., m ay be 
found in the appcndiccs. 

Prcrcquisitcs lo Dcfining Proccsscs 
1 he l"ollowing points ~re partkularly n:lev~ntto 

• ,\ti mcmbers mu>t be pro~cnt and panicipnte 
tl<rou¡;hout !he ucrd>e ~nd thcre >hould be general 
agrecmcnt on the c~pectcd outpun before the 
e•ercisc bcgins. ' 

• Nntc-(;¡kcr~ 'hnuld be desisn;ol<d righl from the 
bc~innins so lhot decisions and Jdinitions of 
proces>C> will nOl be forsouen or misunder~tood 
latcr. 

• lnformalion gathered bcfore the st~n of !he BSP 
must describe an<l siic the prnducts and resource., 
at1J clearl; '''"'" or provide a Jlow <liagram ofthe 
-<lrategic planning and managemem comrol proce­
dures and !Chcdllles. 

• Thc lea m no u>! under.taml thc concept ofresources 
and Lheir life cyde. 

Tllc Product and Rcsourcc Life Cycle 
Th~ manager's job is 10 manage the rc.,ourccs within 
his real m of rcsp"nsibilities 10 "'"-'' efnciently ond 
.ellc(livcly supfl<lr' thé goals of the tot~l business. By 
i<kntifying thc dectsion proce»e< th;n he goes through 
''"lltloc aotivitic; thal he pcrfnrm> in managing 1hc 
rcM>utc·cs. it is possiblc to gain a romprehensive 
undcr>tanding of "llthe busine" pn>eeS>cs in volved. 
lloc prod LJ el s/'< rvicc' ntay be defined a• key r~sourees 
~nd O<:cupy 4 mnjor role in defining tbc business 
~f<lCCSSCS. 

A fou r-stase life •·y de of lhe produ(l/scrvice nnd of 
e~ eh uf lhe >UppnTling rcsour~s ¡, uscd lo lo&/C<tUy 
identify .ond sroup the procc:sstJ. Thf life cyelc 

. normnlly u sed is: 
• Sto¡;c l - Requir~m~nu, pbnning, mcisuren\CIIl 

and runtrol 
'• Stage 2- Acquisitinn or implcmc'ntation 

• S tase 3- Slewurd1hip 
• Stage 4- Retiremenl or disposition 
The following par"graphs rcfcr ¡o thesc sl:lges as' 
req uircmcnts, acqu i.siLion, slewardship, and retirement. 

A dcsuiption of eaeh of the Ji( e cyde stages foUoiV$;-
1 . R cq,jrm¡en/.1 - activilies !bar determine how much 

ofthe productor resoun:e is required, thc plan for 
geaing it, and mcasuremcnt and control againstthc 
plan, 

2, A rqodsili01r -~ aclivitics performed 10 dev<:lop a 
produet oi lCrvice orlo gct !he resourceslhat are 
goins lo be usod in it• devclopmcnl. In manufactur. 
ing rh is would indudc pr<><:uremcnt and fabrieation; 
in ~Donnel, thc hirins or lransfer ofpeoplc; in 
educalion, the development of a cucrieulum and the 
enrollmcnl ofstudcnts. , 

J. StewardsJoip- activities tn form, refine, modify or 
maintain the supporting re!<lurccs an<l ro storc or 
!rack lhe producl/~rvice. ln !he insurance ind.ustry 
th is could be fl<llicy maintenancc, prcmium noticcs 
nnd dividend _,latements: in thc distribution industry 
it cou!J includc inventory control and warehousing. 

4. R~memenr- thosc activities and <Jccisions tha¡· · 
lermina!c thc responsibility of an organilation for a 
p_ro<.lucr or service or si¡nal the end UlC ofa re:­
source. This,mighl in elude tbe sdling ofsp~ce on an 
airline, the di¡charge or retiring of an employee, ~be 
..:rapping or selling ofa capj¡a] assct, or che removal 
ofa servoce by a govcrnmcn~ 8gency. 
The lifc cyclc s.ervc. as a vchicle for structured, 

togical, comprebensivc identificacion or the processes 
by lhc team. ,; 

Basic Stcps in Oefining Processes 
An overview of pruce<s idenlification is pro•ided by 
Figure 12, which shows lhe three main soun:.:s for tbc 
idemification of thc business processtt. planning and 
conlrol; producl/service; and supponing re!<lun:es. 
Taking the !alter two through thdr lifc cyclc provides • 
definiüon of thir respective business proce:sses. 
Beca use strntcgic planning and somc of manogcmcnl 
control are nO! l<llcly producl cr resourcc oricnte<l, 
they must be wnsidcred 1$ a 1Cpar•te source to provide 
thal all procc<ses ofthe business arcidentificd. - ,. '¡ 
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Afler lile producl and tach oflhe •upponing 
resourccs have bccn takcn 1hrough their respective life 
9des and Lhe procco.ses identilícd and JUb<e<¡ uently 
p;rouped, it is no longer ne~ssary Lo main the 
procc,.¡slllgc rclatiomhip for proccss defining, but it 
will be hclpfullatcr in identifying data dasses. Since 
lile life cyde is an anificial mcans for directing Lhc · 
team's thinking, very linte time •hould be spcm in 
dcdding in which •lagc a goven activily appcars. Thc 
rec:<~rdlng ofthc activity is mon: importan! tban its 
positioñ. 

Thc measu remen! and control procc""' idcntificd 
under thc rcquiremcnls •tagc will conlain both man· 
atemcnt oonlrol and operational ronaolacüvitics. lf 
the proccnes aS50Ciated wilh strategic planning and 
managcmcnl comrol are idcntificd firsl. it will oharpen 
thc di•tinction between managemen\ control and 
opc:rational control and reduo;e wme of thc rcdUndanq 
in the managcment control processcs. The following 
descriptions of oteps eorrespond to tbe flow presented 
in Figure 12. 

Pfa111rin¡: and Comrol Proce.sse.s 

Defin~ the Proee""' of Stratc¡lc Plannlne and 
. M~nagcrneru Control 
. With the prcparatory work that wu done in collecting 
th informaliun on planning and possible u m pies of 
thc organiution's plans, it should nol be difftcull to 
idcntify thc prucc"c' inoolved. They witl normally be 
groupc:d into strategic plannlng and managcmcnt 
CQn!rol. Stnlcgic planning m ay be rcfcrrcd to asthc 
long-rangc plan. the ~ovcn-ycar plan. or thc dcvclop­
ment plan. Managcmcnt control m ay be referrcd 10 u. 
the operatin& plan.thc manasement plan. thc rcsourcc 
plan, and sometí mes the contrae\ plan. In sorne 
CQmpanicsthe budgct m ay serve as a m~jor too! for 
ml!ugemem plannint and control. Eump!es of 
planning and control processcs are •hown in the 

. fo!lowing table. Funhcrcxamples are contained in 
Appendi• D. 

o ..... ;,.,Ooo. ........,;"~~ 

l'ollcy -'-"' 
O lvot tito Col aoq"i' 1 tion 
Ato.alv>i• 

"""ml>ti""' ......_.,.,."' 
Oooi•Jio••loomon< 

P<codu<t li"" r 

W"'ki"'\ <afN!OI pt.,;n-g 

Stoll r~ prono in~ 

Ope"tionol plonoinu 

e""""';"i 
"'•""'""'"' ond ,O.;,., 
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F '" ~ Jc¡.,jkJ di."·"-"inn "f thc thct>ry ,,r _,¡ratc,ic 
pl:onninll-~nd "'""~&cm<nl "''unol thc ,,,,Jet may wish 
'" rclá "' l{nhcn N. ;\nth<Hl(> b,mk cmitlcd 
""l'l.onrün¡: ,,J ("Hnln>l Sy•lcm.: A Framc,.ork fGl 
An~ly•i·:· 

' 

hl<-nrif} thc l'rnrlu,·t/Scnkc of thc Org-~nllatlon 
(or purprucs ofthis e\ercise il is a"umell thatlhcrc is 
onc nJ¡ojor produ.:l &r<>up or 1hat 1he produclS are 
man;~¡;cd tht<•ugh oilnil~r husincss prrx.essc•. In thc 

·case of the puhlic ..:c1or and """'" S<nvice organizations 
il will h"cip lo gu bac~ to thc goals lo ~llspccify lhe 
pmduc¡ or se• vice. For c~·,,mplc. one mi~ht think that 
thc product uf~ hcalth insurancc orpnizali<ln "'ould 
be il< polidcs, bu! an •••"' in.ol ion uf iiS go"l' mighl 
•huw thc proJucl' tu be ( 1) <crYice to the subocribc:r 
and (2) ¡><o)mcntto thc prm·idcr. In like manncr, an 
•••m in.otir>n of thc cu"ls might kccp nne fwm a>Sum· 
ing lh.!tthe curri<uh,m b lhe major producl of a 
uni~c.-.ity. 

lflhere are twu or more gruupo or familie1 of 
proJllcts anJ sc,.iccs. !he y are Uisc~sscd undcr 
"E ~p~mion• anJ Y ariation•" at thc cnJ of 1hi1 chaplcr. 

JJcntlfy lh<• Procc~'"' In F.ac/1 Stagc of lb e Lile C}de 
uf thc l'ruduct/Scn Ice 
Thc gcrocr ~1 approac/l in iJcnl if ying ¡he procclscs i• 10 

>lart "ilh thc rcquircnltn" Sl~gc and "01k through !he 
•uc..-.cJing ;tagc<. C"arc should be excrci•ed in gcníng 
c<msi-'l~ncy in thc le•·cl ofthc proce>Se< idcnlilied in 
c~c·h of 111e ""$<!'· Allhough lhcre ·,.no prescribed 
numbcr of procc . .ses appcaring in cad• llfthe stages, 
nlo>t "uJic• rcsuh i11 only 20-60 prnccs.<-es forthe 
"'hule hu>inc>.S: Thc lcam should tcnd to idcntif}· mo~ 
pror.:<:>ICS than necessary. with !he idea of grou ping 
thcm latN as nccessary. 

Wilh thc total lea m worling lrJgelhi:r il ís rome!Ímes 
hclpfulto label ea eh of four charts with the four ""'"' 
anJ 10 <"<>m plclc them >im LJ ll.r.ncously a< cach proo;e>S ís 
bruu~hl into d iocus.sion. Thi< eliminate• the devclop­
menl of nntes for the in el .,,¡,,n of Cenain item• in olher 
>l.ogc> a~ lhcy are wor~eJ u pon. TheN: ís no sccrel 
Jbrmula fur this identifying ufbusinc>.S processcs, so 
une >hnu IJ nnl be •urpri,cJ if the fírst altem pt rcsui(S 
in "'""y "'"'" procc,;c. than are needcJ and also a 
¡:rcatlncon>i,¡cncy in 1he lcvd•. Do notlc! tbís de!er 
>"": it will be correcled Juring thc groupingof 
pmcc»cs. 

h is ver y imponanlthat evcry team membci panici­
p~lc 111 all time<. since bu,inc» rroceS>es are the balis 
"" ¡lfacti<·ally cverylhing tha1 lullowo in thc SS? study. 
( ;cu i rrg >l~ricd is f4r nmN: im¡>orlant than any theorcti· 
c.d di.cu»Íons on thc dcfínilion of a process ~roup ora 

" 

p~:s.s.lugic. thcory. r.>r othcr di~c.-.ions. 
Thc Jioii"""'G c•ample mighl rc~ull fr,,n pcrf,orm­

ing tlús an.oly>i> "'ith a "'~nuf.Jcturcr uf de,·tril;~l anJ 
dcclronic cumroncnts. 

Roq.>rrom""'" ...... ; .. ,;.~ , ........... 11> ,. ............ 
........... E"'>,...•lno ,.,1,. ,,.,..,.,, ... S.JIIn~ 

"''""'"1 ond -IOP'"'"' '""'"" 
-

Mukotlno PtedOo<l ,._;,lng --·~ 
o~Wcrn>om ...... ~t:lng 

For<<OI!Ing Engi-~ng G.oolltv '""'"" ~--·-· ' 
Prl<in~ Producll""' PocOI<>gond FIHI nlln· 

ICII<-dullng OtO<ing -· Molorlol Produ<tlon 

"""'""'""" oporitlono 

CoPo<hv Purdlao ... 
olonnl"'t 

MM k e a G~neral Flowchut of ll•e Produrl/Scnlce 
Protenes , 
A flowchan of¡he prnducl/<trYicc proccsses (>ee 
Fíe u re J3) serves .cveraJ purposes: 
l. lt hel ps in pro~iding that aiJ the prnccuc:s ha~e been 

identifieJ. 
2. JI helps in dclermining ifthe team really undcr· 

stands lhc business prOCe$$e> auociated witb th.e 
productf•erYÍce. ' 

3. 11 scrYcl as a modeJ for lhe sul>sequent ddinition of 
thc information archile<:tUN:. 

4. H belps in iJentifyíng the processel in~olvtd in 
man•eing thc supporlíng resourc=. 
There ~hould be: a box on 1he flo .... chart for each of 

\he proce»cs. lf other boxes lee m !O be rcquired, \he 
.ddlniuon of 1he proccs.ses should be reexamined. The 
flowchan wilt resull from the idcnt¡fícation oftbe 
above prn<;c»es and is not intend«l lo •how tbc , . 
malegic planning and managcment control proCQ:Iei 

Wtl\e a Dcscrlp1ion or Euch Prti«u 
A mcmber ofthe tea m should ha ve been making notes 
on lhe decision• and activities auociated witb cacb of 
the processes a• lhey were defíned by !he group. 
Allh<:>ugh lhis is a l•borious la•k, it ís ab$olu1ely 
mandatory if thc prn<:C>$ descriptíon• are goins to 
refiectthc kno,.led~c ofthe tea m anJ the amounl of 
time that hu bccn spenl in defíning them. The nOle­
takingjob can be rotated !hrough the team anJ nol be: 
a burden on •ny one md!vldual. Thc dc;cnpuons may 
be either in list form or ~erbal. 

Complcting the¡c descriptions bc:fore moving In lo 
the ncxl step wilt hclp brine outlhe ,imiluiliel and 
differences bet ween lhciC proccsses and those •ubsc· 

1 
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4ucntl y identif•t<l, Onc ufthe advant.lgc• of rotal in¡;. 
th" nute·takin¡; among the dilfcrent mcntb<:n. ¡, that 
th~ task offurther d~lining thc pru<:c~es c~n now be 
a.,igncd to mo..1 ofthc tcam memb<:rJ so that it may be: 
accumpli>hcd bcforc a dc..:riplion of tM '" pporting 
resuuR-cs is sturtOO. Thc final rcvi•iun uf thcs.: dc•crip-
tiun; ~- ill prubably te i 1 the · tu lhe 

t ~sr 

' thc aclivity ufplanning for and 
and ntachine.~ in urdcr tu 

produc.: the furec.:ut-
ed rcquirements 
• Capadries and c<Jf1<11Ji/itieJ p!annin¡;- lite prOCts> uf 

ba!ancing pmduc1ion necd with ability " 
• Schoi<I•Jing- the .cheduling oflabor an~ material 

needs to mctl production ond shippins rcquirc­
mcm•. Al.w, thc ""hcdultng and b4lancing of lhc 
prod¡¡ct mix _ 

• Material requlrements -the calculation of raw 
ma1erial necds to mcct a ••bOOulc, rco:ugnil.Í.n3 
Oplimum in~cntory lc~cls, economic order quanti­
l!c!, sub•titutiom, ele, 

• Ctming- eilablishing uf standard raw material c~ts 
nnd produci costs un the basi> o[ lheoe and othcr 
manuJJ.cturing o nd a<.Jministrative co>t facto,. 

1 material'l, 
1 1 a timely 

• St<pplier ' i for, 
cvaluation of, and s.:!eccion ofsupplien '!"ho me:ct 
re qu ircmen!! for material!, padagin¡;, machinery, 
equipmem and <.Jolivcry at competiti~e ¡irices 
(indudes interna! scareh) 

• OrJer plaamem at~dfo/low-up- the actual placing 
· ofpurchas~ ordcrs with approved suppliera for 

quantitics of raw materials as spcciticd (m ay indude 
ra w material routjng) by produetion planning. 
equipmeat acqu\.iltions appro~ed by manogement. 
etc. (indudes releasc o( eustomer·purchascd 
material$) 

• Rec~ipls an<l in:<pecrion- thc recei~ing or returning 
of purchased material>. machinery, and Sllpplics, 
vcrtf) ing <juantit y nnd quabty, and documenling the 
aeli\'LIÍCS 

Supporting Ri!:wuru Processes 

lle•rribe the Supportln~ Rc!IOurees 
A rest~urcc is bcll described "'rhat which a bu<ineu 
con""''"' or use< in n<~eti~g ilf goa!J. There ate four 
ba,ic re,ourcc•lhat wc dc•l with; 
• Materinls • Facilities 
• Muney • !1cr>onnel 

" 

Whilc the usc of only tbcsc four rc,ourcn should be 
adc<¡UJtC, 1 he indusion of some oncillary resourccs 
might m~ le·,¡ easicr fur the team toget a rompr"cben­
si~c li~l of f'roct'SSC$. Selection e•n be made "from tbe 

-following 1 [SI: 

• M~rlclpl~ce (general public, poten!ial rustomcu, 
noJ cust~mcrs) 

• Vcndnr> 
• Docurncntcd lnuwkdgc (dcsign~ •pcdfications, te~t 

matcri•l. procedures, patcnu) 
• Cunlpany image (in !he s10ck marlet, tu ¡he general 

public, cu<tomers, ~<'lldOrs, empluyee.) 
A thorou¡;h cumination of¡he a(tivitin and 

dccisiuns a>SOCÍ~IOO with the.w rcs.ourccs should resoli 
in thc iJcm ilkation of the rcst of the opcrational 
control processcs in which thc busine"' enpgcl aod 
which werc nu1 broughl out in the producl/scrviccs 
processes, 

Thc lea m shuuld rcview the facl.$ on rcsource. that 
were gathercd and preparcd during the preparation for 
the BSP study. Beforc starting to identify tbe prOCCS$Q, 
it is wcll to plaee a chan on tbe wallwitb 1 short 
descriptiun or list of the oomponents oflhc rcsource 
beins ccnsideroo. · 

ldentlly thc l'rocesses In Euh Stage ofthc Llfe Cycle 
o( Eacl1 uf t!le Supporting Resourn• 
The ~sources are taken one ata 1lme through the four 
stages in 1he same manner as the product/oervic.:. Tbe 
folloWing chart is an cumple ofthc p~tha¡" 
might be associated with the rcsources.. 

Ufo<)••-
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Comofidntion unt.l Ana/ysiJ 

Grnup rhc Pr<>c~'~co 
The protesse; haoo been idcntifi~d from !he thrce 
sources: llrllcgic plannin¡and managcmcnt control; 
major producthcr•dce: and supponing resourcc•. The 

-groupins should tu~c place a long !he followin& lino:~; 
• Reduce inoon•i•tencies in lcvel. In thc abovc 

cumples ofthc proceucs, rhe process ofmanufac· 
turing and rhc preces. of accounts payable appcar ar 
rhe .ame leve l. This should be oorrccted. 

• Combine thc prOCClSC! whcrc oommonalitie! oc:cur. 
Asan cx~mplc, purcha;in& m ay ha ve been idcnri• 
ficd as a process in !he ocquisition s\agc, not only 'ror 
the product bul al•o for matcrials and for facilitiea. 
As.suming the proces.ses are >imilar, thae should be 
combine<! into one proce.u. As !he pri>U'!CS wcrc 
groupcd du ring thc rcquircmeot• sta¡;e, rhcrc may 
ha ve appcarcd prettsu• enlitled manpowcr loading, 
dcvelop worknow pl~n. and schedule supply marcri­
•ls. These rhree mi¡hr ~ 1rouped with the mana,e-. 
m en! control process ofopcrotional plannin¡. 
A workable ma•imum is 60 proccsses. There will 

normally be 4-12 proce" groups. Sorne will be usoci­
ated with the rc50~ rces from which they were dcrived. 
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Thc producl/><>rvicc may result in h•u or more groups, 
anJ pl.1nniug will accuunt ror onc or two grou~. 
Figure 14 is a o e•ample <>f G"'"JlÍng. Orhcr cxamplc• 
are shown in AppcnJix C. 

Ch11rt the Procc~' Cro-ups 1nd Con¡pl,lc o~,crlp!lons 
Each proccss eroup and itJ proc~ses Jhould ~ listed 
on a chutand displa~cd for thc wholc tea m ro vicw. 
Thc ti:am should "&ree on !he placcment of c~clt 
proceso undcr thc pnxen ¡roup, as wcll as the na me of 

· cach, and should ha ve 1 ¡ood understandin¡ of all of 
rhcm. Thc list should be divided amon¡ !he team 
members and !he w•itin¡; of thc dcS<:riptions should be 
completed in line wirh thc re¡:roupin¡ .. Ir isa¡ood idea 
ro ha ve the descriptions 1~¡M:d so that each tea m may 
ha ve them for quick rcfercnce durin' subscquenr · 
activitits such as c~ccurive interviewin¡. h Íl allo 
advisab!e lo save !he ~haru for subscqucnt n~rivitics. 

Rclale !he Du•lnen Prucesscs 10 thc Or¡•nlratlun 
On~e the bu•iness pre«s.scs are agreed u pon and 
dcscfibed, rhey can be rdated lo !he organiz.ational 
slructurc of the business lo help the stud)' le& m identify 
any additional people rhat should ~ inrerviewcd and . 
lo funhcr cl~dfy their understanding of the b~sines. 
proecss~. Sorne \eams may wish to oompletc this ·• 
marrix befo re completing !he proces.s descdprions. 
Relating rhe mg~nization lo the pnx:esse1 also helps. 
the te•m determine !he information nceded from the 
intcrview•, su eh as vcri fícation of execurive involve­
ment in rhe procc»cs. 

To relate !he hu•iness proo;esses to thc organiz.ation­
a! mue\ u re of the business, thiteam develop• an 
organization/proc:eso matrix. _Enentilllly, thll ia 1 
gn~phic •cprcS<:nt•tion of oric aspccr of the mana¡e­
menl >ysrem of thc organization bc:causc it illu!lr:!!l~ 
who makcs the dccision in each ofthe process~. 

Thc organization{process matrix is one of severa! 
malri~es deoclopcd as parr ofthc BSP methodulogy. 
Matrices are med beca u .e they provide a conoenieio.t 
method to an11lyze rdationships. Thcy abo prooidc a 
concise way to oonvey findings 10 mana¡:emenl. 

To prcpa re !he organization{proccs• matri~. thc 
study tea m usesrht busin= proc=s airead y idcniÍ­
fied. U1ing their knowlcdge and f>I'ISJ'ICCIÍve of the 
business and the organization ~:harts from the •tudy 
prcparation pha••· the tea m mcmben idcnrify lhe 
organizarional cntirics involved in rhe proccssc,, 

Since tht nsp sludy is in tended ro provide a bread 
overview of rhc bu•ineso. not cvery organiuüonal 
cnrity i.< iJenlified. l'urthcrmorc, common similar 
or¡:aniu.liOn> can •omctimes be: rcprcsemed a1 one 
organiz.:uion:~l unit. For uamplc, 100 sale. office1 may 
be li<ted as a •i<~tlc unir. Where fe.,.ible, planu an~ 
laboJalories shuuld ai<U bt !rOUf>l'd into units. Onc· 
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unil n:pres~ntution ¡, also ¡:~ncr~Uy ~l'l'l~Pfiatc whcn 
organi> . .:uj,ms of .Jin'cn:m J<.'op~s are do in& che umc 
job. For c~anl(llc, a nnancial rlonning <>rganization 
may h<~vc thrcc dc¡~artmcnu, ea,h fu.;u,in¡ on ~eparate 
divi•inno. Thc miuiun of~ll chrce Í¡still financia[ 
planning. and thcy can be rcprcuntcd by4.lne or¡an~· 
tionol unic. Fi¡urc 15 illuslrates che orpnization/ 
proccu mtlti\ •. 

Once the p~SSI:S and or¡aniuti<mal entitics are 
arran¡W on che matrix, 1h sludy team compl~tes tbc 
macrix by indicacing che dcgn:c 10 whlch each or¡anl· 
zacional cntily is invo!vcd in che proc"UI.U. Thc 
foJiowing symbols 1rc uscd in Figure JS lo indica te th 
dc~ccofinvolvemcnt: · 

I2SI Majar res pon!cb ility tnd dccision makcr 
!8'J Mnjor invoJvcmenl in che ptoceS$ 
IZ! Sorne invoJvcmcnt in thc proccss 
When making this notalion on lh~ malri~, lene 

room for the fiOllÍng of systcms numbers, U uplained 
in Ch~pler B. 

Su eh inllicator$ do not des.:ribe the •~u al respons!· 
b il ities or each of the orc•nization41 u niu but s.:rve 
only as a guide lo ustgned re•ponsibiliiY for and 
involvemcnt in a pr<X'CSS. Sorne businesscJ ha ve found 
this matri• lo be valuable aflcr the study asan indu lo 
a m.lnagemenl system manual. in which they devdop 
responsibility and activily stalemenu for ea eh of the 
organization/process imer5~U. •. 

The organization/pr<X'CSS matrix help• the study 
1 ea m valida te !he Iist ofindividuaJ. to be inlervie~d 
and determine the questions lo be asked ofthe individ· 
uals responsible for the procems. To aulhenlicate the 
matrix. each person interviewed by lhc team should be 
asked to oonnrm or com:ct the pon ion ofthe m~lrl< 
showing bis respon!ibility or involvemenl. 

The organization/pr<X'CSO matrix sometimcs will 
show ovcrlapping responsibility and decision·makin¡ 
authorit y for a proecss or a l~d of decisiun·makin¡ 
rcsponSlbiliiy for a proceso where il n ormaUy wou]d be 
appropriale. Suth potenlial problem mreu are ~Jarified 
la ter durin8 the executive interviewa. 

ld~ntlfy Proces•e' Kcy to Buslncu Succeu 
This slcp will !u ter a id in selecting the area ofthc 
bu>Jnes. 10 be studicd in more delail (a!"t'hiteclurc 
priority), sizing th o tmportance of the prob!em3 
identi11ed, and identifying itcms lo be streued in thc 
uecu ti ve imerviews. The watcgic planning and 
management control proce...,cs will be sorne ofthe 
outslanding processes. One meth<><.l ofdoing this 
identil1catiun is 10 rank the objec!ivcs in ordcr oftheir 
importance and then determine which ofthc proccsscs 
are most critii:al in rcaching ea eh objective. The 
proce•Vorganizalion matróx will ~1 so conlrlbule la this 
sclection. 

Outpufs nnd Thclr Uses , 
·Thc output tu be exp«tcd fram dcfinin¡the bu lineas 
pr~1 • ..,nsi•L• of: · 
l. A II.Jl ofprocns¡roupt and thclr proecuca 
2. A typcd de...,ription ofc~ch ofthe pr~ 
3. A list of the pro.."<:JKSley 10 the succeSJ ofthc 

buJ.incss or de¡i¡nttcd u 1uch on thc chtnt or . 
proecu¡ruup¡ and proCtSU~ 

4. Product/Jcrviccs nuwchart 
s." Tea m und Ctlllndln& of how tho whole bu.&lnes~ 

operlltCJ and il mana¡cd and control!cd · · 
Al mentioncd culier, busi~eu proccssct '""'" •• lhc: 

base far most of thc a~i~iLiCJ that foUow. The uJtlmato 
us.: of the business prOCCSSCJ ilto identify opponunitiCJ 
and rcquiremenll for the u1e ofinformation 1yaem~ to 
1uppon the business. That iJ abo one ofthc buic ¡oall 
ofthe8Sfltudy. 

The te~ m membert lhould ltallllmcs kecp in mind 
thi.t they probably will not all be workin¡ oa thc 
follow-on projms after the 8SP nudy. Thc study 
1hould be re¡arded u &o independcnl oper¡tion and 
thc pro~essu de(íncd in 1uch a way tlutl any uperi·. 
cnecd person can rud the o~lput and undcr51lnd the 
work that "'~'done in the study. The fu]low-on 
projccu. wiJJ s1an with lhc output from lhC ltUdy and 
funhcr define the proc:csscs, the problems associ&led 
wilh ea eh of che m, and lhe informal ion rcquiremenl1. 

Expansions and Vnrlnllons In Approach 
Allhou¡h followin¡ lhC abovc p«!«dU ~ shoul,J resull 
in wcll·dcl1ncd proccsses and Jupponin¡ materia~ 
other con•iderations and variationJ are wonh mention· 
in¡. Thc more salienl of thcse are covcred in the 
remainder of thi• chapter. 

Div~rjity in Busint:Js, Product, or Str~ict . 
Jf thc varlous divisions or panJ of thc company or thc 
producl/servio;cs are too dive~il1ed 10 ha ve common 
proc:cms, 1 ¡roupin¡ wi!l be neces1try beforc prooess 
identlfkation is be1un. Whcn alllhe procemsare 
idenlified. it is oüll high!y advanta¡eou110 look for. 
proc:essc:s Lhat migh¡ havc rommon infonnation 
requiremenll. 

Outsidt Assi:rtance 
E ven though lhc lea m mcmber5 wcre selectcd with thc 
•im of h~ oing thcir combincd knowledge co~er lhc 
en tire busines• unil, thcre may be void• in thal cover· 
age. J[ so, thc tea m should gel cutside help whcrc 
ncccssary for a thorou5h undcrstanding ufthc p~ 
••· Ca re should be tahn, howcver, 10 limillhc lime of 
any outsider invited in an.d 10 kecp thot person althe 
levcl al which.lhe tea m has b~n workins on other . 
prOCC!!scs. 
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AllcwiU/1.' llh•lllcJJ.\· itt/J,•ntifj•in¡: llu.1ineu 
J'rtll'<'.Hf.'.T 

i'r~d~flnco.J ~~~~~·lli>IO of pn.x:~! m;<y l>c u>ed for 11le 
hu,in~s.s b~in¡; >lllo.Jicd. Thcse "'") b.,: fuund in ¡he 
4Pf'cn,Jh, olllcr usr• •tuo.Jic1, !ralle pu blicn¡ion•, ur lOM 
indU>I ry puhlic;n Í<lll& >u eh a' 1 he { ·nnMull~r ll.u;ell ' 
l u ro rmaliun Sy•tclll ¡("UISJ or ¡h~ Cn,1muniru1ion1 
Oricntcll l'rU..lu01iun lnformatio11 Control Systcm 
lfOP!CSI." lf thi • mcdlli<J ls u sed. ~nrc •houlll be exer­
ci>Cd iO lhallhe proce .. ..:• are .,·cll unllcntood by aU 
Lhc lea m mcmbcn 1111<1 do in<ka.J rcprc:~tnilhc aclivi­
IÍC> ••nll dcci•ÍOIU nf 1 he bu,incu bcin¡ !lullicd, 

• 
Ge11eric PrOrt.u llfmfel 
An ahcrnatc approad1 in identifyin¡ bu1incu processcs 
i• 10 use a simple m<lo.lcl of thc businc.s 1uch as shOwn 
in Fi¡ure 16. 

Thc modcl may be cxf"'nde<Jio fitlhc bulincll.!. For 
inotancc, "<lema n,J" muy b<:comc "merchandi.>in¡;" Rnd 
··,e llin6.'' wh'M "OIIIlply'.' mi¡;hl bren k in lo "producl 
llevclupmcnt" an<l "manufacturin¡¡." The followln1 
funl1~r t\plaimlhc modcl; 
L Supp~l' includes processes ~SS<Xiated wich producin¡ 

thc pro<iuct an<J obtaining the resourccs neceuary 10 
pmvide the prQd u¡,ts or scrvicos of !he bu.:;lnes!. 
Thc•c proccsscs normally relate lo cxtcinal Jn¡crfac. 
e> <u eh us oupplicrs or ven don. 

2. D~mal!d indud es proccsses a;•occiated with makin¡ 
thc producl or scrvicc a •·ailable and relates dircctly 
lo externa! interfaces such as cus!onters <>r dients. 

J2 

J: R~""''~"'''"'' inchode1 pn.x:tAc.l n>S<.>o;i,.ted with 
llctcrminin& anll dcfin'm¡¡hc pro<lucts ~~ scrvlCCI ol 
thc businc ... Thcoc ptl>Cl:del normally in~oJvc lhc 
markelpla~ and othcr envlronmcntnl fachm. 

·4, ,jJ,!<illÍTtrtl/lun includcl procc .. cs ~uoci~tcd with !he 
ovet.o IJ accountability of lhe bu1incn. Th cae nor· 
mally in~..,l~e reportin¡ activitico within thci or¡1nl· 
lation, ourh a11hos.e llireelly auociated wi1h ldmiit· 
istr~tion a• weU as 1h01e auociated wi1h finan~. 
human reoources, an<l fa~iliiÍCI mana¡ement. 

S. llfm<a8rmtm indudes proecueo ¡hattie lc¡ether thc 
other fu11r u~cu oflh~ bu1inc11.1. Thil a1pecL 
cn~un1pa.,es che p!annin¡, contrcl, and mcaaurc­
ment u¡Jvities of thc buaineu.. 

' l! ·- . 

' 
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Chaptcr 7. Dcflnlng Data Cla¡¡scs 

A d111 da .. ls1 talc&ory oflo&lc•lly rc11icd iMorma· 
LiOn. Enmplt> or M da11 clns would be CUJlomcr. 
vendar, ptoducl, ordcr, inventory, ele. Since lhc 
purpole ofinformation I)'ILcms plannin& i110 1ld in 
m~na¡lng thc dala rc1ou rcc, 1 he dala mu~L bo ldtnLI· 
fied. Dcnriinsthc dQLa clnltl i1 onc approach Lo· 
identifyln¡th da11 Lo be manaccd. llalso provldtl 
valuable Ulist•nce in Rduein&Lhe possibility th11 d111 
bues dcvc!opc=d for urly IYILtms proje.:u wiU rcquiR 
majar rcwork lo 1uppon la ter syJtem• projcctac. Once 
I!Le proceucsthal supportlhe busine1s ha ve bccn 
defined, Lht nc•l slep ls10 "o.lcmify Lhe dala creatcd, 
conlmllcd, and used by thOJe procern=s. A1an 1id Lo 
analy1i1, Lhc d111 supportin¡ thc proceuu is &rouped 
in Lo data cl•uc•. . 

Two 1pproachcs10 idcntifylnl dala claa undldales 
are prncntcd htrc. onc b~led on rclatin¡ dat• Lo 
busincu cnLitics, thc othcr on rclaLing itto bu1incs1 
procc&~cs. 11 issuggeslcd th~llhe Lwo approachc1 both 

. be u sed and tha l Lhcir rc,uhs be cto•Hdcrcnccd LO 
arrivc 11 1 ftnall"lst ofJO lo 60 data tlaucs. Olla 
1haring i1 Lhcn il!u,¡ratcd by rclalin& Lhc data c!aue..tc 
thc proccucsthat ~reate and use them. 

Business Entity Approach 
Thc fíiu Mp¡lfua<"h LO idcnlifyin g dAla el uses ¡, LO 
c~aminc catecnries or Lypcs ofdata maintained by a 
business. !f Lite lif e cyclc of rcJoUr«S. prc~ioudy 
discuued. i1 tcprc•cnlcd as in fis~rc JJ, Lhc ¡y pes of 
dat¿ robucd lo ca eh lolagc ofthc life cycle can be 
defincd. · 

PloMIII& data. which rcprc•cnt• obje.:livcs or 
e•pcclMLions. su pporu rtql.liremems activities. 
lnrtiiiOrJ· d•la, "'hich mainta in~ 1hc Rsourcc lliLUI. 
Jupportlii'M"Ilf"tl.<hip ICtivitics. Trmuoction d~la cffecu 
changcs to Lhc invenlory data ca u sed by acquim/tm or 
tfi•posiliot! l<"livilica. Al pcrindic intervalo, Jultlmory 
data is Ulr•ctcd from Lhc invenlury dala lo pruvidc 
feedback on how wel! rcquircnt<"niS havc bccn ntcl. lf 
ca~h busincu en lit y is c•amincd for ea eh ofthesc types 
o( data. a Kl ofd~l~ c!ams can t.: idcntif•cd. 

E millos a re simrl y Lhinp an orpni2.ation or entcr· 
· prise Íl conccrncd aboul and thcrcfurc ktcps informa· 
tion abciut, IUch a• cuotomcn. products, matcrials, 

I""""IOr"l do" 

~·iau,. tl. Jnrormauun ILic-oy<~ 

perwnncl, cte. Enlilies u1u1Uy. includc. bul lR nO! 
!imitcd Lo, thc resourccs around which lbc bu1incss 
proccucs we re dd'tncd. 

Since 1 data dass may ~onllin d111 ulcvanl Lo a 
par( of a busincu cnlity. an en tire busineu enlity. ora 
group ofrclatcd bu•inus cntiticl. thc first step in Lhis 
lpprtliCh Í.l to idcntify and lii!Lhc bu1in~u cnlitlcs. A 
mínimum 11anin¡ !i'L can be" madc by ro:ferrin¡ 10 Lhc 
resource~around which pfO«UC.S wcR definrd. This 1 
lisl ~In Lhcn be c•Pandcd with In y olhcr si¡nificanl 
cnLilics ofLhc business th~L havc data rolatcd Lo th~m. 
Sc~rn to fiflccn cnlitie• are usual!y idcnlified. 

Neu, LO ldcntify Lhc dala clu.ses •-'!alcd 10 thosc ·. 
cntiLiCI. 1 matrix is u sed. with thc emilies li•Lcd hori· 
zonLa!Jy 1nd thc mljor lypcaofdota damslillcd 
vet1itally. Six types of data el'" wiU covcr mlist 
cmerpriscl' rcquircmcnu. In Fi¡urc IS thc si~ "iypc1 
are l'l•ns/Modcls, Stali<Lical/Summary. lnvcnlory, 
and TranQCÜon. Each cnlily is cxamincd and Lhc · 
appropriitr data na mes fi!lcd in for cach dotl dass 
Lype undcr Lhc cntily. !nvcntory dala \)'pes are u•ually 
cuicll to idcntify ti m, as thesc are Lhc M master. file"· 
kind• of information. Tranuctions that affcct Lhc 
inventory d~La can ncu be idcntilicd. followcd by thc 
summary and planning t)'pel of dala. 
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Dntn Ch1s~ to Proccss Annlysi!J 
The dol~ c\ailll:ll hln•ullllhcn bt.i pluccd M d mmi~ 
OJ'(lO~Íl~ lhe hu¡inCII proi:CIICI, anlilhc \cUero(' 1nd U 
1houh.J be ~nl~rclllo lnllic~lc .,.·hkh proxenc1 Crea le 
thc d,ta anll which U1c il. Fi&u~ 20 ahow11H'11 p\01, 
wilh thc p~ca~oliHlln¡ell in lhc Hrc cydc WI¡Ucn" 
oflhc <e Y reauurcc. A11hl> mlllri\ 1how1 how 11111 i1 
sharcd by thc proccuco, il wi\1 be uscO la ter lo llcve\op 
lhc inform1nlon ari:hil(CIUrll. 

DATACLAa 

,~OCIIS l 1 ! l I 
ho(nou (>lonnl~ 

o,_l•otl"" .,..volo 

R"''"'" 111d oonirol . 
Pln111olol ~onnln¡ 

Copl(ol ooquhUion 

RtiOII<fl u 
ForoenLing u u 
O.o~n ondd.,..,_,, u e 
,,od<J.c, ,_lllelllon rm~·-- u u 
I'Un:NIIng . e 
Roool•ln¡ u 
lnvtMotV oonuol 

Wor'dlowlry""L u u 
k~odullng u u 
Copocloy lllonnl,.. V 
Moltrllllnqul,..,.nt, u u 
Ol>frlllono e 
Tmlt01"'1 ,.,.., • ..,.,, e u 
S.lllng u u u 
So loo Admlnlolrot"'" u 
Ord1< oor<lclnt u e u 
lihlpplne u u 
Gonorol O.......ool,. u u 
Co11 plannlng V u 
Su<lijot ... ,....,,¡,, 
Poroonnol plonnlng 

Roe"' i 11 ngld••o 1 "'"'"'"' 
eo,.,.,.. .... ~o" 

l6 

l • ! 1 
u 

u 
e 

V 

u 

u 

u 1 J 1 1 
! 1 i 1 
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u u 
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Choptcr 8. Anolyzlna Buslneii/Syltemii·Rclatlonshlps ...... 
·- "., ... .... ·- ... 

Up to now, th1 ~~~m h .. boen dehlo~ln& a n"tw · · 
perape~tlv~ of the bu~ln~•• -learnln¡ to look at tlll · .•. 
bualnrn In ter m• ofbu1lneu proceuc1and the data . 
elaUu neeuaary 10 pcrform them. Now the team muac 
devclop • flrm undcmandln¡ ofhow d111 pr~uln¡ · 
cumntly 1upport1lhe bu1!nm, In order 10 d~vclop 
rctoiÍtmendttlonJ for future aellon. Thlluetlon • 
deierlbcJ lhc ula ofdata ¡gthercd tnd pruentcd 11 
ptrt oflhc 111 rcvltw u wtlllllhc or¡wnlzallcm, 
proccu, and d1t1 clau lnform111on lo dcvclop pcrtp«­

'tlvta on: 
• liS aurpon of prO<:n~aa. Thc or¡anlzatlon/proceu 

matll~ d~velorcd In Ch1pt~r 6 i1 uno111cd lo 
lndl~•tc whlch currcntayltcmt ¡upporl tho buJiun" 
prOCCIIOI. 

• Uu¡o ofcurrenl dl\1, A IYilcm/dat• file matrh la 
dovclopCd 10 Jdcnlif'y thc data 0Jc1 ~urrcntly In uH 
or planncd for uac by cd•lln& 1y1tCm1. 
CA •r•tcm hcre l11n tpplicalion or ¡toupln¡ of 

IC:YCIIIJppiJCationl. j 
Eaeh ofthuc matric~:~ 11 dc~erlbcd in more dct1illn 

the fo!lowin& pa¡c1. Allhou¡h thc matri~l provldc an 
ovcr;lcw of !he curren! 1nd pl1nncd data proccuin& 

· a¡¡pporl ofthc bu•lncu, thcy cannol indicatc tha u ten! 
of 1uppon necdcd or thc valuc of 1hi1 •~ppon to cach 
of lhc proc;cncl. Su eh lnformltion la obtwincd l11cr 

. ...... . 
durln¡lhc necutlve lntcr;lcwa, Uacd In comblnlllon, 
thcac matrl~c•arc v~ry helpfulln provldlna thotctm 
wllh 1 btoad ovcrvlew ofcu.mnt •Y•l~ml and da~ · 
uu¡c. 

Understandlngl/S Support or 
Processcs 
In ordcr 10 obtaln 1 bualneu-wldo pkuro ofnltdn¡ 
and plannéd data proceuln& tuppon, thealud~ lcam 
may opt to annottlc lhc or¡anlulion/proccu mtlrl• 
wlth currenlt~ttcnutuppon {FI¡urc ~ 1 ). Tite nota· 
tlonl on' thia matri~ id~ntify whlch or¡tnb.ttlunt 
In volved In thc pro«:IICI are recelYin& appl!cation 
aupport: Thil cntbles thc atudy tcam to ldenllfy: · 
• Procc11c1 rcc~ivln¡ no currentJyllcmiiUPport 
o Proccuca rccclvlnl ay¡tcm~ luppon ln 10me ur .. nl· . 

ullontl unlil, but nct all 
• Poulblc r~dundant aytlcml · 

To ere& le thc not1tion1, the tum aJi¡n1 a numbcr 
to eaeh-of thc current1yottm1, lhcn pottJ thil numbcr 
to the appropri1te lntcn.cctiont on lhe or¡anlutloo/ 
prcxeu matri,. This may be hcilit•ted by nnt creot· • 
in¡ a l~llcm/or¡aniulion mltr~ ( Fi¡urc 12) or 1 
ay.ncm/proccu m1tri~ ¡Fi¡ure 13 ). 

• 
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ldcnllfying Usagc of Current Data 
The ltlm nC~~~~ 10 undcnlund whul dAII is currently 
autom~ted und where, lh~l i1. which IYI\Cms utilize 
whl~h pnrti"ni ofthe d~lll. The ~e•l nillri• dcveloped 
by the Jtud y team. the •ystem/data file matrh ( Fi¡ure 
24), pro• idc• this undenlanding, The 1y11ems annolll· 
ed in l'i8ttrc 21 form the verticul uisofthi> mutri•, 
whilc thc Juta files, gr<lupcd by similndty, form lhe 
horizont11l. An X i• plu,c<l in each appropl'iate bo• lo 
show which data filc•sUJl¡IOrl whlch systemJ, 

Thi1 matri• 1hed1 mon: light on how much data i1 
lhued by various •ys\cml. This. in lurn, helps point 
outthc rrccd for a duta ba>e a¡>pro.ch tu providc ' 

• comistcncy of d~ta. Thc information ¡athercd hcro 
wíll al..o be U>cful Jator in dcvelopin¡ implcmentadon 
prioritieo. 

DATA FILt 

l 
' 

Summary 
· Sorne tcum•lind it eonvenicntto uac varlou1 matrices 

as communic~tions/prclentation tooll. Diffcrent 
cOmblnations oftwo or mon: (lhOIC 11111 Jhan: common 
Ucl) m ay be so u sed, 
, These chanstnd matrices provide •n overvicw of 

1hc turren! and pteJCn1ly planncd d1111 pt<XCSlling 
suppur1 ofthc businell. Su eh information mould be 
obt~incd from !he uceutive intcrvicwl n:prdina 
probtcmt wilh curren! data proceuina aupporttnd 
additional necd' for inform&tion. Thcac chanl, 
together wilh thc execu1ivc intcrvlewl, hclp thc Jtudy 
1oam determine tho1c trcas wherc cmph11lis should be 
applled in dcvdopin¡and cnhancin¡appropriatc 
information •y>tcms. 

Appcndi• F' comainl cxamplcs ofmatriccs from 
other indu"rie•. 

¡ 
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Clwplcr 9. J)clcrmining 1hc Exccullvc Pcr~pccllvc 

lutcrvicwinB und i1~1cr~i~w un·,¡j ysb COII•um~ ln<lfC 
time J u ri "B thc Nllld.v tl!nn nny othcr n•·ti\'iiY hc,·uu>e: 
ti ·~.cx«t•ih·c iutct\ icwo urc thc prim~ ry /~urce ~f 
infnrm;nio>n for Jctcrmining thc bu•inc.,pr~blem and 
m~na¡:•·mcn!'• ncc<l ft" •UPI'<!M in <>>tn:nming their 
prubkm ~nd/<lr ouppo.lfting new <>I'I'Orlunitic.. 

The intcrvic"• 4fC nUI intcn<kd lu &;~lhcr dJta on 
thc .pcdtk dctnil• nnJ e u« f urm <>f thc iilfurmation 
m.¡uircJ ]ly thc i•ucrvicw~es, 

Spcci tkull y, lit~ j>u rpo•c of the intcrv'•cwl ;, to: 
• ValiU"'" thc Jata ¡¡;uhcrcd, analyzcJ, anJ docu· 

mcntcd 'm matr'tc« and charu 
• [)ctcrnlÍM lhc Jnfurmntian necded by individulll 

cxccutivcs a! ,.,cJI us thcir problems and priadtiu 
• (Jain ucculivc r~pr<>rl and inv<>lvcincnt 
• Oclcrolinc mana¡;cmcnt v~lucsand GulntifY 

hcn cflt • lo b.: dcrivcd by modifYin& or addin& 
•ppiiCation•. 
Thc ta•k! that have 10 be acc<>mpli•hcd in order to 

conJu,·¡ thc intcrvicw• u re: 
1 • Conlirnt the list llfc~ccutives 10 be íntervic,.,cd that . 

11 a' dovcl<>pe~ during •tud y prcpnration 
• Rc-iew lht interdcw schedule toN ~na in it iJ 

JlPCI ic.tl, ~nd con(trn> it with thc intcrviC11·cu 
• Orsanite wall thart> in rontrol room, 
• Rc,jc" •he qu .. tion• that apply to all intcrvic,.,ees, 

antl Jevclop individualized que~tions for ccn a in 
•••ctHJ\'C>, ns nppropriatc 

• Determine thc role of 11\1dy tcam mernben for cach 
intervicw anJ 1 he ch~ractcristics of individual 
intcrvi~wces 

• Conductthc inter>·icw itsclf 
• Prepare a >Ummary <>fcach intcrvicw 10 N a p. 

prm·ed by the intcrvjcwcc 
Thi> chartcr ;, dc>otcJ to a disruuion of thcae 

ll!ks. 

Confirmlng thc Ll.st of Executlves To 
Be lntcrvicwcd 
Duríng HSP study prcparati<>n the téam ideoJtincd thc 
e~ccutil'cs th•t 'h<>uld be intervicwcd. The tea m ffi!I.SI 
llkcly >elcclcd manager• no m<>re than ¡,.,o te veis bc:Jo,., 
thc prc,ident. No ..... a idcd by thc organízatiun{proo;css 
ln1<tri•. thc tea m can wnlirm il5 carlicr lí11 <>f inter­
vicwce< anJ idcntif)' any ulhcr ••ccutivcs thnt ohould 
be includ~d. 

T\O.U <¡tlcMion! can he ""'""cred using thi' npproach: 
• Whdt <Jrganizmions are invoJvcd in cJclt ofthc 

..., procc-.c'? 
• Wilhin thosc organizatíon>. who mu•t be inter­

vÍ~II cJ 1<> determine thc problerru, objcclives, and 
m.¡uiremcnL•? 

" 

S¡mwtimc~ it i• difficuh 10 ~s1l1n final ~sponsibilily 
fur '' !"''"'''" t<l une •p..•cilic lltpniationJI cntity. 
Severa! or,Jnizations m ay re~~h a dcd1ion logelher. 

In o.Jntc casco it is nece.u.l)' 10 interview centln • 
mana,~r. fur po!itkal rcasQns; ifthey dun'l have an 
opponun'll)' 10 ~rticipouc in thc uudy, they may 
Ol'fl0$e any rtc<>mmendatiolll thtl n:sult (rom it. lt 
m ay ~t.u b.t 11<lviJable lo ín1erview 1 putkular ue1111· 
ti ve •imrly beca use othcr eucutivca ofthe samc leve!' 
,.,¡u be imcr~·ie,.,ed. ThJs deci1ion norma U y is madc by 
thc c~ec·utivc sponsor. 

Rcvlc\\lng the lntervlcw Schedule 
Whcn thc list ofex~tives lo be: lnt~r.lc....ed hu bcc:n 
updated In~ Cll:lflrmcd.thc llud.y tea m '<inlirmlthc 
in1crvícw schedule. 'intcrview pre ¡iaration time should 
•l,.,ay• be nllowcd. E~pcri~nce indicates that an 
cfTccti•·e Jmerview n:qu'lfesl,.,o lo four hours, udud· 
ing prcp.uati<>n. Thcrcforc, only t,.,o intcrvie,.,sshould . 
b.: scheduled f<>r a givcn da y. Normally, 10 lo 20 
interview• are conductcd durin¡lhc otud y, althou¡h 
this nun>b.:r VI riel grc.tly ,.,Jth tbc dze1nd rcqui~ 
mcñtsofthe b11sincu. 

lt is rec-ommended that highcr ueeulivca be: izucr­
vie,.,cd la.11, F or onc thing, intervie,.,crf techniquca 
and pr.x:c<Jorn improve ,.,j¡h practice, and lhe tcam 
should be working al its bcst bcforc intcrvicwing 1op 
manageu. Second. any ouspicions or d<>ubtsthe tcam 
m ay hu ve ab<>ul information obtained fmm the flnt • 
exccutive• i ntcrvicwcd C. n be resol >ed by formtilatinl 
1pecilic qucolions for top m•~agcmcnt. 

Prcparing Questions for lntervlews 
Bef<>re th~ intcrvic"'' are rondueted, the study leant 
prepare! aliJt o(¡encral que¡tioru that appJy 10 atl 
intcrviewcu Thc team also may prepare spet;illc 
quc!lions for ccnai n eucutivcs, lt ne<:ded. Th~ 
f<>Uuwing 8CMr~l q~estions, ,.,hile rurnished ontf w ·., 
guldt, u•uully npply '" all interV\ewccs: 
J, [lricny, whot is your arca of rap<lntibllity? 
2. What are ÍIJ basic objectivu? 
3, Whac are 1hc thrcc ¡rcat•::n problc1111 you ha ve 

mee in a~hievin¡thcse objeccivca wilhin tbe Wt 
ycar? 

4. What has prcvented your solvin¡ them? 
5. Whati>nccdcdco&alvethem? 
6. Whal valoe (<n man-h<>ors !IVCd, dollau .aved,or 

pmgranl< en hanced) .... ould bcner informatian 
h.tve in these arcas? 

7. In what othcr areu ofyour respomibilíty <:Ould 
the grc~IC>i i mpmvcments be rcallua. ¡:ivcn lbc 
nceded information supp<>J11 · 

' 
\ 
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B. What wou!d b~ thc val u e ofthcsc improvcmcntl In 
mon·hour:.uved, do1la11 u. ved, or programs 
cnb.need? · · 

9. llow Would you ratc your lnfo~matlon tuppon 
with r~:.~pcct 10 ad~quacy, validity, timcliness, 
Consistency, cost, aod vol u me?· 

10. What is the most u5eful information yo u rcccivc? 
1 1. How are" you mcasurcd? ' 
12. How da yo u meas u re )'\)Uf subordina\ ti? 
1 ). Whát other kinds of mcasurcmcnt are yau expc:CI· 

ed to makc? . 
14. What kinds ofdcdsionsorc you expc:<:tcd ta 

mákc? · 
15. What major changos are anticipatcd in your arca. 

In thc nc~t ynr? Three ytar.? :' 
16. What do you upcct to rc•uh from this study? 

Wltat docs it mean to you and lo thc bu•incl!? 
17. Do you ha ve any additionalthoughts nr com· 

mcnts? 
Thc imcrvicwcr must uridcrstand thc" purposc: nf thc 

ICDtral qucstións in arder to be su re thatthc nccded 
lnform~tion is clicited. lf an inlervicwec's response 
docs not provide thc information desircd. it may mean 
thatthc qucstion should ~ \IIOrdcd diffcrcntly. l...ct"1 
uaminc thc purpo.;,s of thc ¡cncral qucstions and 
kinds afrcsponscs n"ecded: 
• Quest"tons 1·2. The interviewer a.klthc e~ec.:utivcs 

what their rcsponsibilitics are bccau1e conclusions 
drawn from the organiz~tion chan m ay not ~ 
corree\. Abo, thc objcttÍHS that cxecutivcs se\ for 
themsclves in performing their functions may ha ve a 
largc bcaring on thcir information nced•. 

• Qucstion• 3·6. Wl>cn a1ling about problcms. the 
tea m should be su re tht thc c~ecutives do not 
indicate only thcir la<l problcms. Somctimcs pcoplc 
overlook more seriou1 problcms that occurred 
months bcfore. 

• Qucstions 7 ·9. The information satisfaction and 
nccds questions should foeus on the additional COi\1 

that n1ay be incurrcd from inaccurate and untimcly 
inform3Lion. The ,·al u e cf any additional informa· 
thm dcsircd shoul.! also be dctermincd. 

• Question lO. Thc tcam mu.>t determine \libere thc 
curren\ infnrmation sup¡>Or1 is adcqunte so that 
thc5e bcncfits are rctaincd. 

• Qucsünns ll· 13. Thc qucstions conccrniñg meas· 
u reu>cnt ~re imcn<.lcd h> Ji>duse how thc en·ectivc· 
ncss of rcsnurcc allucutiun diH.I U$C is mcasurc<.l. A 

majur fa<·tor in bu>inc:.s ¡ucccss is cfficient u1e of 
rcsourccs. 

• Qucstion 14. Thc qucstion on wh~t decisions are 
mndc Í< Lll\<"UJcJ LO dLS<:i<'>C whcth<r C~CCUI ivc• 
rcccivc adc~udLC inl"urmatwn en \llhich toba"" 
thcm. 

• 
• Questinn 1~. Thc queuions on anticipatcd changos 

are imponant because major inform1tion systems 
developmcntcy<:lcs can t1kc from t~ to fivc y~•" 
to oompl~tc. R~wmmcndations for information . 
ly>lem• devclopmcnt could be impaCI~d by plansto 
centralize, dcccntralize, change the Qr¡anization, 
Introduce ncw productJ, etc. 

• Qucstion 16. Thc qucstioru regardin1 c~pc:<:\.ldons 
for thc USP study may help ¡he study tea m ascenain · 
how likely managcmcnt is to acceptand implement 
thc study recommcmiation.l. 

• Qucstion 17. Additional thoughtsand eomments 
make an appropriate way to termínate thc intcrvicw. 

Determining Team Member"lnterviéw 
Roles ¡¡nd lnterviewee Cbaracteristics 
Onc ofthe t~•ks"that mus\ be pc:rformed whcn prcplr· 

. ing for interviewing is to assign roles far lea m mcmbcrs 
to play durin¡ the intcrview¡. Thc:rc are 1evcral factor1 
to oonsidcr wbcn making thesc auisnmcnts. 

The ioterview tcam iJ drawn solcly from study te• m 
mcmbcrs and moy indudc !DM rcprescntativcs. Re· 
gardles• of thc numbcr of people on thc ltudy tea m, 
tbcrc are usual! y no more 1b.n fnur active tea m 
membcrs prescm 11 any panicular intcrvicw. 

A ¡¡iven tc~m membcr necd not play thc samc role 
in ca eh "mtcrview. F unhermorc, sorne mcmbcr. are 
usually a»i&ncd to more than ene role in an imcrvicw .. 
Thc follawing roles shnuld ~ fillcd: · 
• An individual lo prc~m thc 1tudy objcctives and 

a¡lproach lO the intcrvic"'ec. This """""m ay ha ve· 
anothcr role in the intcrvicw as wcU. 

• Ali imervicwcr. 
• A b~dup intervicwer !O lioten cardully totbe 

proccedinglto makc sure that al! qucstions are 
askcd .:nd that al! answcr1 are undcmood. Thc" 
ba,kup intcrvicwcr u lo. any additional qucstions 
nec.:cssary. 

• Sonteonc Lo tukc notes during thc intcrvicw and 
havc thcm or&anizcd. typed, and prcscnted to the 
intcrvicwec ancrwards for approval. 

• A auppkmcntary note·takcr if thc situation requircs. 
Sometimos the intcrvicwcc is a membcr o fa depart· 

mcnt in "'hich ,¡tea m membcr <ervcs. Beca u <e ofthi: 
possiblc scnsitivity of sorne of the infomtation. it m ay 
not ~ advisablc for thattc¡¡m membcr ID be an 
intcrviewcr during that sc;sinn. Perhaps the individual 
should not cven he prcscnt. Similurly. ifthcrc are ~ny 
pcf"$01\ality da;bes bct\IICCD an intervicw« anda 
pnnicular tu m mcmbcr, that tea m mcmhcr >hnuld 
probably not be prc.<ent~d a1 the $c.,si~n. 

In d"terrnining who will scrv~ in what roles. con•id· 
eration shoulJ be givcn to individual uhilities. Somc 
pcoplc ~re beucr >pea Le" tb~n othn>: sorne are faS! 



ltnd 1c~ur~1c· notO·I~hrr., 1'ho lnl~rvlrwer fur ~n~ 
0(~,0 "" ~hollld be cho•~n fur knowled¡¡c ~,r the ~re~ or 
thc 11uoincu hl bu lnvc.tl¡~ted nnd ror ebilily lo 
aehicvc rapport whh thc lnlcl"'lewec. 

Bdorc cnch inlervlcw 1cuion, the atudy Jr~mahouhf 
med 11.1 dlsc:uu varioua m~ncralhnt are lfiC'I;ilic 10 tbat 
intcrvicw. Tlic rcapcnsibll!ty of lndlvld!iallcam 
men1 bcrr. du rin¡ tbe in1crvlcw hu airead y been 
rovered. The ttud~ te~ m 1hould DilO rcvlcw: 
o Boek¡¡round of1he inl~rvlewee 
o Re1pontlbllltin of 1h e 1 nlcl"'leweo 
• Procualn whlch the intervlewee ialnvclvcd 
0 0DII pi'IIC'CISÍt'l& IUp(IOrl provJded lO tbe 

intcrvlewee'aaree ofrcsponalblthy . 
• Spcc!lle que1tlonato ••k thc lnterview«, which m ay 

be bnacd on prior intcrvlcwa with olher e~«u!lvn 

Conductlng Intcrvlews 
1 he bc11 locullun fur lntcrvlew•l•lhc itudy control 
ruon1. whcre interrupliOMIIIIC lens¡likdy 1nd where 
lhc m~tri•>CI and charla can be diaplaycd en the walla 
for rcf~ren~r. lflhe control room 11 clase 10 cuc:ullve 
om~s. itahoutd be eun.,.enient for che inccrvlc:w«L 

Thc followin¡ s.equenc:c ofactiYitiet will normally 
cranJpirc d'ter che intcrvicwce errivetano.! hdl been 
introo.!uccd lo the intcrview lenm: 
o The in1erviewCO: 1hould be w~l~ed lhrou~h the waiJ 

~h11r11 by thc int~rviewcr ond he 1hould be nked 10 
•alidace lhe dala on the ch~n1. There tbould be 
•1reomen1 b!::lwcen the inlel'\'lcW1:C and lhe 11udy 
tNm on lhe bu•inen proc:~ss definitions an.d 1heir 
rcl~li<>n to 1 he organizationnl cntiticJ, panieularly 
wichinche iniCI\'iewce"s nr~a ofthe busincs.. Make 
chun¡¡<:• lo thc wall chartt if necessary. {S ce Appen· 
dix 0.) 

• 1'hc in1erviewH is s.eated 10 that he can scc thr wall 
chens durin¡ 1he in1erview. ThisshouJd mM k e the 
intervicwH more cOmfortnblc and lhut en bance 
¡uppcrt. 

• Allthc 1cnerat que•tiont and any specific "'uestlont 
prcviously formillatcd are ukrd. M~ny quc11ions · 
are likcly to arisc in thc ca une or thc intcrview nnd 
lhC>C ~~~ 11lso asked. 
1\i indicaled bcforc, che lntervlewcr of'len necdslo 

n•k more (jUC.Iiontlhan wcre prepared. h is imponi· 
blc 10 predict alllhe ponihle response. lhal an cXCCU• 
IÍvc millhl cffcr. From llalcmen¡s madc durin¡ thc 
imerview, ncw qucnions are bound 10 aris.e. FurlhCt• . 
more, qu~~tions oflen mu•l be formul~tcd or re>lllcd 
d uring lh e int~rvicw to di~"11 t he c~a~l in formation 
nc~dcd. Thi• is pa rticula rly 1rue w hcn llying lo sccure 
valuc •tatcmcn t• 1 hal can be qu an tifltd. cspecia!!y 
whcn di<CU>SÍng intangible~. 

· foJiu.,.tn¡ are sorne t"hniquc. 1hat can be uscd to 
prompt an intervicwee lo upren v.lu~.l quantiliablj; 

• l. tuvo lhc lnlurvicwee uprgu e pottnlla! bentliC 111 

perccntt&•· 
o llave tht !ntcrvlcwcc ~~prcn a polcnllll bcncfit In 

lertnl Of 1 ran¡c- fgr cum~lc, 111.1vln¡ ofSlOO,OOO 
lo $400,000. . 

• Jf thc inlel'l'lcwcc ¡ivn 1n uccpli011&1ly hl¡h valut 
chal mi¡ht not be nccepcab!e to other mnnq;ct:'> 
auucll usin¡30 per~-ent of1ha1 liiUre· 

• In u fllrtlculnr opcretlonalarea, elle 1 weiJ.kncwll 
ln.tullry avera¡c, . . 

• Determine lhc company't pretenl po1Jtlon In lht · 
indu11ry and uk whal h would bt worlh lo be In a. 
mcn¡er poalllon. 

• Employ in~eplh lo¡ieal quC$tlonln¡. tr lhe valut ot 
1 p~~nlc:ular benel1t cannot be quantilied by lht 
inlcrvicwH, try tu break down lhe va!lou1 COIIS of 
not hevln¡ !he bcncflt. 

• Determine lhe objectlvcs a¡a!n11 wh!ch tht execu• 
llve !1 mcuurcd nnd whatlt would be. wor1h lo 
achievc thOJe objectivCL . 

• Determine whlc thr CQmpany 11 currenlly 1pendln¡, 
wh3tllu fol'e(Ulllre, and how lhete 1pcndln¡ 
level• would be affe~led ir a cena in "cepability welt 

. avnilablc. 
Thc inlervlcw~r m11st be scnsldvc 10 !be responKI or 

che c1e~u1ivc in order 10 pro be more deeply In lo any 
¡ubjecl urea when approprlate. Tcam mcm~~~ should 
be auenlive le lhe ueeutive'11onc of~olcr and facial 
ápressions, wh"tch are onen 1 kcy lo underlyin¡ 
fHiir>p. . 

Prepurlng lntervlcw Summurles. 
Thc study tea m •~ould k~cp cut~ent with the doe~men· 
1atlon ofthe inlcrvlews. lmmcdiatel~ ener l~c inler· 
view ha• becn CQncluded, the two 11ody lcam memben 
who were takinl no1e1 durin¡ the intcrvlcw should puU 
1he notclto¡cther 1nd ha ve them 1ummariud 1nd 
lypcd. 

Summaricslhould be rorm'ancd so thll problcm 
slatcments end key poincsa ppe.~~ r in separate pare· 
sraph•. Each problcm stalemcnl and kcy pcinl can· 
thcn be cnily exlracted for la ter analytlcal work. The 
•ummaries are rcvlcwcd by thc tum Jeader, thcn 
presen1cd 10 1he lnlerviewee for approval. The intcr­
viewccsshould epprove and retum thcm lo !he Jtudy 
tcam withiti !Wo deyl afler 1he intcrview JO 11111 al! 
tea m mcmben can keep informed. Coplcaahould be 

· ¡iven to al11he leam membe11 and one copy filed as the 
ollícial otudy team ducument. 

In addition, In y changcs resullins fr<lm thc !nter· 
vicw ohould be: puslcd co thc wal! chartsto keep lhcm 
as accu ralc u Pllllible. 

As 1he inlel'\'iew summaries are rc1umed, 1he Jludy 
tcam mcmbc11 o:.n bc¡in 10 11.11e.ss thc business pro~ 
lems and/or opponunilics (see Chaptcr 10). · 

1 

1 ., 



Chaptcr JO. Asscssing Buslnc.'iS Problcms and 
Bencfits 

T~c reduction ond 11.e of data obt&ined durin¡th nr 
inter•iow rroceo.s Í5 c~trcmcly imponant. This chaptcr 
prcscnts a >trUcturcd and proven prattdurc to or¡anize 
intcrvicw data ~nd providc a uscful formAl for lotcr use 
in dctermining Íl]formation 'architccturc and prioritics. 
Fi¡urc 25 ¡irewntl 1 loi;ical nowchan oft~c da\1 
rcduction pro<;edurc and is kcycd 10 thc ICX\ by stcp , 
numbcr. · 

... ~ .... ,.., ··-.. 
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' 
, ____ _ -......... 

. 

-· -
-.. . 

• 
-

- ' 

•• --
·~·~ 

Stcp 1: Summarize Intcrvlcw Data 
Thc lea m >clccts out of ca eh sct of intcrvicW notes 
( 1} thc problcms, (l) solutions (ífgi•cn), (3} valuc 
stalcmcnt.>- l~n'giblc or 'tntan&iblc- if ¡'o•cn, (4) t~c 
procc'""' imjl.1cU:d, and (5) the procc:ucs c:r.usinglh 
problcms. 

Problcnu u Ít~tcd by ¡be busineumait may be 
~per~civcd problems" {lhat i:!. pc:rccivcd from thc 
jmpa,·tthoy ma~c on a particular pmccn) or thcy may 
be aCtual fO(lt-cau>e p10blcms. "Pcm:ivcd problcm>" 
are nccc>S..1fily the slartin¡ poinl for problem asscu­
n•ent in ~s~. A p¡:rccived problem i.s wmcthing 1 

· busin~man_~~· ~·a prohlcm; 1! may tu m ou11o be a 
real ptol>l~m. an incumplc1e ven.ion of a real problem, 
or ju<t a •l'tnptum of une. 

In ordcr 1<> ""e"" probkms objcclivcly, thctcforc, 
~tecivcd l;rub!,•ms muM flrst be tra•·ed b.1cL 10 roo\ 
WIUSC$ and forw .1nltn cnd-eiTcc\J. Thc lo.s reprc"Stnl-

ed by e~ eh end-iffett may thcn be quaniifled u far as 
po.sible, and the rclativc contributioru of roo\ g,uscs to 
tlmlcss rnay be uscucd. . 

Figure 26 illustratcsthc worklhcctlo be u sed in t~il 
ncp. Thc tea m. asa unit, thcn ron5idcll thc individual 
analyoes and drans a rompositc !ist of problcms.­
so!ution• O:nd valucs. Thc tcam musltakc can: to selcct 
onty s\ated problema and not implicd prOblcms .. lf thc 
tea m deCides thll ail implicd prot>lcm is ofa magni­
tudc and imponano;c thal it should be funhcr claríficd, 
oommunication with the intcrviewcc on a fonnal or 
informal basis should be undenakcn in order to 
utablish thc •p¡:cífio;, and/or ma¡nitudc of the 
"implicd problcm." lf the rommunication establishcs 
additional si¡nificant dlla not in the orislnal notes, it 
mus\ be addcd 11 an addcndum to the nlidatcd 
ori¡inal noto;, with refcrencc 10 thc follow-on oommu­
nications. A ropy ofthe addcndum mus\ be forwardcd 
to thc intervicwcc for bis validation. 

Thc ~ntirc composite li•t should now be lypcd with 
double spacin¡ betwecn.cntrics. Each cntry musl be 
rodc-ronnl.'l:tcd Lo thc ori¡ínal interviewcc. Auigñing 
a nurnber or lettcror rombination ofumc to each · · 
intcrvicwcc allows his identity 'codc lo be Mll"hcd to 
uch emry. whilc mainlaining confidcntialily. .•·· 

Stcp 2: Classlfy lnterview Data 
Usin¡t~c intcrvicw notos and worhhccts. thc tea m · 
now cumincs cae~ Jinc cntry and cstablishcs whetbcr 
it is in thc category of: · · 
l. l!S problem!./solutions and values (ni11in¡ syJ\Ctrul) 
2. 1/5 nceds and val u« (no syst~m ui.sts) 
3. Non-liS problems 

Sometimcs a problcm will llave both •~ organiza· 
tional solution andan liS solution. Eumplc: "T~e<c · 
i1 a need for bcltcr m1rketing rcsearch information.~ ' 
Th i.s may rcquirc t~al a rc5enteh ¡roup be cltablishcd 
to ta~her information andan informal ion system be · 
dcvelopc:d lo storc and manipula te thc information. Al 
thc cnd ofstcp 2, thc linc cmriescxtractcd frorn thc 
inlervicw pra<:i:n should be in the thru: c..tc¡orics 
named above . 
. ,11 ís criücal atthis pointtbdt.thc "non·IIS pro~lcnis" 

be locically grouped, stripped of al! iden!ity. and very 
arefully handlcd. lt i.s notthc rníuion oflhc OSP Jtudy ." 
tcam to sol ve the non-liS problenu; However. the 
infot~lation obtaincd in the intervicw proccsscs, whlcb 
rel~la to these problcms. ¡, impcnant and should be 
prupcrly pr«cnted 10 tho appropria1c individual 
(usual! y thc sponsur) for his considerulion and appr.\­
priatc action. 
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Stcp 3: Relate Data to Proccsses 
All of t!a>oe íniervicw entr.c; which wcrc groupo:d as 1/S ' 
problcms/solurion• (l/ rrs no:cds and val u es sh(luld now 
be: cut from thc worhho:ct. EJ. a\" pie: 

' ' L"k ot ol!oetl.,. Moclt"'"""d o<o· lmp•O...~<O/it; 

p«><luc<'qn pllnnin.g <luctton plonnlng imp'""' cuuomo< 
lmool<' P•ofil· "'o\lonl: """'""' obolily ,.,.i<:o o/ '""'"V 

Ne~t a flipo:han page shou!d be: creatcd for ca eh 
business proéeo;s group and it> proccssc:s. These shoiltd 

. be urangcd aroun<lthc "mtrol room ata leve! handy 
W ""po.sf' lo. Te• m memhcrs thcn take eachofthé 
prcpared intcrvicw cntrics and •Lid thcm unto rhC 
flipchan for 1h bu~inc ... procc" that cause. thc 
problcm. lf poSJ.ibk. the emry >hould be place<:~ within 
tbc proce.ss mo;t approprialc. 

Don 't worry about bcing too precise on thc first 
"f"'lling'' Ad<Jitiunallcamwork ;, rcquircd lo finalizo 
thc proccdur~>. 

When all en1rics ha•·c becn "po•tcd," the tcam 
oonccnlr•rc• on (lfiC busine" procc;s al a time to 
cnsurc thar all cmdcihave becn pcmcd to thc righ1 
procc.ss. h Í> normal 10 ha ve Lo go bad Lo thc original 

P<oQ.<IIon Proct.ctlon Pn><lu«lon 
Plonnln.g 

validatcd imcrview notes or oven tite original hand­
wriUen nmcs to lirmly estab!islt thc ro pie arca and 
background that tdggcred the interview comment 
(cntry). Thc nccd for mobility ofthe ítem en tries 
quickly bc:ccmes obvious during this fine-tuning >le p. 

Summary 
11;. po.ssib!c to group the interview d"ll cnlries in 
~ver al ways. Thcy m ay be related 10 the causing 
proces.se• or the impactcd proccsscs using mal rices as 
illu.>t raled in Figure 27 or in other su mmary format• n 
a pprop,iatc. Th is data will provi<Jc valuable pcrspcc­
IÍvc as thc team dcvclops rcrommcnd~tions on infor­
mation are hit ca u re and systcms prioritics. 

' 

' 

' '· 
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Mo<kot/C""""''' S.tt<tl•lov 2 2 
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Chaptcr 11. DCfining lnformation ArchitectUre 

1/~ving ~~<¡uircd an undcr.tanding of !he bniness 
proccssc.\ •n<l the <l•ta re<¡uircd 10 supporl th~m. tbe 
tea m >hou Id con tin ue )t, ~n<OI~sis by d~ternriníng how 
tl!c <lata will be managc<l In suppnrl the procc .. es. The 
dat• da>....:> 1ha1 havc becn i<lcntifíed can be logically 
groupcd intn dota ba...,s. !nformatinn sy5tcms thcn 
l,>ccomc !he \chicle> o >al tu in"'rt <lata into and edract 
il from data ha>ts. an<l formulate useful managen><:nt 
information lo 'support thc bu;iness procems. 

¡<::::::::j 
~ 

......... , . .., ....... v 
BY•; no" .,_ .. 

' 

lo order to itlcntify thc information S}"lcms and 
sub•y•tem• awa. lu be de•clopcd, an /'!fcrmQ/i<m 
crcltilerwrc i< define<!. u<ing a diagram that •hows the 
rdali<>n>híp of data lo 'Y>!Oin> and lhc proccoscs 

. supportcd by rach. The archi~rcture diagram, then. is 
the blueprinl that outlinc. for cach sy>~em arca (1) the 
data crutcd, C()nlr"Hed antl USI:d, ¡2) thc rclationship 
ofsystcm In >ystem, and (3) !he systems lhatsuppon a 
givcn procc>S. The aichitcdure diagrarn ~llows us to 
lakc in lo t'On,ideration lhc J·"a requirementl of la!cr 
su b•yster11' ~~ tho time of dcvdoping carlier sub•ystems 
in arder co mu,irnize sha1ing of data. 

Fim, the urchitecture i• (kveloped by evolving 
1hrnugh wvtral ilcratiom ofa process/data tlau 
matri• . .O"ta now i• then adde<l to the arcliilccture, 
folloWCd b)r subsy•tcm idcntifícation and analysi• of 
~uboystcms for prerequi•itcs. 

' ...!-

Dev~loping thc Architccturc Diagram 
Bcgin wich the procc,./data da .. mlllri• where the 
procr:¡s a.Í> is in life cyclc sequence based u pon the 

.key rcsource, as in F1gore 211. Nut, arrangtthe data 
ui• by taking a!l data dasses crealtd by the fiis1 . 
proceso and grouping them ¡o the lefl, nr ori8-ín nf thc 
m~lri•. Group ~11 dala da=s cre.ued by 1he S~:cond 
process nexltn lh<»e created by 1hc fim process and 
continue this grouping unti! all data ci•<SCs are cov· 
erctl. Figure 29 shows the ¡r:¡u(\, wilh all "creates" 
groupcd diagnnally from tbc mauil! origin 10 1he 
opposite corner. 

Allhough thc next stcp is somewhala maller of 
judgment, thc object is to group the pra«sses and d~ta 
into majar sySicms arcas: Th~ can be accomp!ished by 
looking al thc process groupi and thc data creatcd by 
thcm, lhen bo•ing in lh~:SC groupings as in F1gure 30. 
Whcre a proce .. group crea¡r:¡ no data, !he box is 
arbitrary. The boxcs rcprr:¡entlogicalsubs)stem , 
groupiogs wilh n:•ponsibility for creating and main- , 
tainiug spccifíc rclatcd dasS~:S of data, 

' 

,. 

• 
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Dala Flow 
Whcrc che U fklls outside a S)"tem bo<, J meansco 
repre..,nt dala flow from one syncm area lo anothor i5 
desirable. This flow i• repre..,ncM by arrow• in Figure 
31. The chird sy1iem down uses •'Produa" d•ta 
ereated by che 5<'COnd sy•lem. The arrow ohowa daca 
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flow from lhc second lo the third system. The 5<'Cond 
syscem uses "Cu<lomer"' data created by che fourlh 
system, so an arrol" indica tes chis dala now. Figure J2 
!.hows all da!J flow from system 10 s)"stem repr"'emed 

· by one-way arrow~ This fi&ure wiU be used Jater for 
•ublyllem identif ICation. 
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Wilh data crenlion and use indicatcd by lhc boxet 
and arrows, thc C5 and U5 m ay be: eliminatcd and 
names applied lo !he majar systcms areu (Figure ll). 
While Figure 33 rcpresents the rompleled informalion 
architecturc, a final rearrangcmem of axes and use of 
two-way arrow• allow• prepara !ion of a sim plified 
graphic of the architetlure. Figure 34 shows >u eh a 
&•aphii: with thc nme systcms. Sucb illustration5 ha ve 
pro~ed uscful in management communitations reprd-
in& the inforrnation architetlure. • 
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Subsystem Jdentlficatlon 
The first tul al identifying JubsysiCI!Is is api11111 
arbilrary cla!>:>ification. U•in¡ tlle an:hitccturc: ckvcl­

.opment diagram such u Fi1ure )0, define: cach C U l.- ... 

.a~re •uboystem. Define uch U as:sociiiltd witlla 
·ti ven proec .. as a single usa1e lubsyAem. 

With tllil slarting poinl.lncial combinationo 
and/or spllh can be made. UJage subsysttmJ can be 

·.combined wllcrc u5t of lhe data is similar. Whc,. · 
·CTe&le and usa¡:e subsystems are hi~ly intcrdc~ 
a c<>mbinalion may be lo¡ia.l. Wherc IIIA&C wbt}-a­

·tem has diso.imilar funo;tions includN, it CIJI be splil 
into two or more subsystems. . 

When thc subiystem• ha ve becn idcntified.a: 
dc5tription of tht funo;tions of cach (approaimatdy o~ 
paragraph) should be wriltcn. 

Analyzing for Prerequisltes 
W1tll an outlinc of sobsystcms 11 hind. the fina! lltcp il 
a prcrcquisi1e anal)l>is. i.e., which oubsymma mllll be 
in place befo re othcrs can be crntcd.· By usln¡ tht 
i.iformaüon architecturc ju51 dcvelopcd and the tcam'• 
unde~andin¡ ofthc bu>incn. thc intcrdependendn 
among suboyltemo can be anal y>~. Once more, a 
matri~ can be usc:d to tabulate thc rcsuluofthc 
prerequisitc analy•is. Thc ..-cttical axj¡ ofthc maii'Út 
should list aH subsystcms. whilc lhc horizontall-bould 
listthc prcrcqui>itc sub.ystcms (Figure 35). 

I'R!RIQUISIT~ 

IUII'I'CT~M 

. ----·- ··--··-- J - f . . 1 f f 
. 

1 "' ! BUBfYIUMI 

E_k!G ....... X 
Ordo< _;~,..,_ 

a •• ,,.,,..,..lot X 
R""11oto X 
~P<-· ,. ............ X 
s. ........ , .... X 

O.<lo< •nt"' . 
,,_,., ... _ X 

r" ... lS. ,.,.""~..., ·~ aaoiJoio 

Archltcclure Use 

t . 

f ! 
X 

X 

Thc information an;hitcctuTG ldentifies thc syllems and 
subsyuems with rnptetto the "data thcy ci'Qtc, control 
and use, and with respcct 10 tbe bwincso proceue.thc:y 
suppon. Thc intcrde-pelldenáes ha ve b«n analyzcd u 
a huís for thc prioritiUna:and pbnnin¡ th., now tab 
place. The informatioñ arehit<>~:tuTG prOYidc• an 
c~ccllc11t roundation for anai)"Sis of distribut~d infor· 
mation sy~teml requirementsand d.11 base plannln,, 

·subjco;ts coven:d runhcr in Chapte-r 16. A• c~h I!Cp is 
takcn in de..-ciOJKIICitl of thc illfOI"lllltioii ,yaerns. thc 
architCC1ure providc:la biiiCprint dlowina whcn: u~b 
piccc of the I)'IICIII flu and what iu relatiomhip to lbe 
Gthcr picces il. 

' 

" 



Chapter 12. Determining Architecture Prlo~itles 

Thc cea m ohould ..,lcct an,J rccommend In manage­
ment a J'l>rti<>n of Che infnrmMtion ar<:hilee1ure to be 
implcnlCOie<J n~. The I'UI"JIO'C or i<lentif)'i!Ígand 
rcc-om111cn<Jing ~uch a follow-on projccl i< lo bc:gin 
impkmcnluliun a; eurly as pr~ctical. Thi• wiiJ escab­
lhh a ""P"JY as yo u co"" found~tion for implementatiorl 
ofinfmm~tion sy¡tcnu. 

The acl ivity of sd«tins lirst subsysltm(•) sh011ld 
rdy primarily on a value a11alyfis activity followin¡ !he 
intc .... ÍCIOS. )(< pur¡>OSC is (O produ~ 1 (lfiOrity K· • 

quent: ofsul>syslcm(s) chal were idcnlified in the. 
in formalion "r<:hicccture activity of the liS P. Thc _wb 
lo be pcrfurn>c<J are: 
1. Dclcrnüne o.clcction criltria and d<Xument thc: 

cechniquc 10 be uocd 
2. Arply critcri~ 10 thc subsysccms 
3. U>t >ulloy>lems in rriority scqucncc 
4. Liot dcrcn<.lcncics or prujcccs 1hat are rrcrequi•itc to 

che fir.t sub<ystems 
5. Documcnt or <.!escribo: ·che recommcn<.lcd subsystCmi 

Determine Selection Criterln 
Since tiaca is nllw being ln:atcd u a business rcsourg:, 
t¡S rrojcc!.' ,hould he: able lo be: evaluate<.l b~ manage· 
me ni in che "'me "'"Y other business proje~ts u~ 

\ cvalualc<.l. Thcn:forc. il is r~commendcd thatthc cearn 
u.c wh~tcver justilication l«hnique presenlly cüstJ 
within thc organil-ntion for cvaluating ncw projecu.._ 
Thi• "'"illc~..., decision rnaking as cxeo;utive manq;c:­
mcnt rnakcslhC nccc,.ary cradc-ofTs betw<:en, u y, 
dcvctormg a ncw produ<l, expan<.ling a fncility, 
mal:.ing an ac4uisiüon. or irnpJemcming a major 
informa1ion sy>tcm. 

Som~ of!ht questions lo be answcred in dtlcrmin· 
ing che firsi subsyslem(s) are; 
• Willlhe subsySiem provide a significan\ near·tenn 

saving ám.l a subscanliallons·term recurn on 
inve>!mcnt? 

• Whom will it impae1. and how many peoplc will be 
involvcd?· · 

• Will itlay che groundwork for an inicial data base 
structure for thc ar<:hilecture~ · 
A mecho<.! of <.leto:rmin"ong l"!ical priori líes i.! lo 

group lhe ntujor crileria in lo four eategories: 
l. Polcnüal bcnefits (valuc ju<.lgmcnt.l) 

• Tangibles 
• Intangibles 
• 1101 

2. lmpa.CI 
• Numbcr of organiuuions and people afT«ted 
• Qualitacive cfTect 
• EITect on accompl;,.hinJI oven.ll objcctivcs 

" 

), ··= o D<=grce of business acc:eptaru;c 
o Prot.abait y of implemc:ntatioa 
o Prercqui1ites 
o l.englh ofimrlementatioa 
o Risk . 
o Rcsou=savailablc. 

•• Dem11noJ 
o Value o( uistliig I)'UCIIIJ 
o Relation•hip with othcr S)'&ltntl 
o Pulitical overtoncs 
o N=l 

Apply Criterin nnd Llst Systems · 
Thc major syilem.s comprisincchc arehicecturc un 
thc:n be anal)'l'.cd as potencial fiBHublyllcm Qlldi· 
"d:itcs and ranked on a scalc of lto 10 for cach ofthc 
. (out catcgorics above. Sorne type of pictorial represen· 

tation can thcn be dra.,·n to emph.,izc thc mOM n~lled 
sublystems. Figure 36 is an cumple ofthis analysis. , 

Llsi Prerequisites · 
Durini che arch"ttecturc dcvclopmcntactivity, the !e'arq 
prepan:d a malrix 10 idcntify sy•lcm prerequisites 
¡Figure 3S). Once 1 first s)'!lem h., bcc¡, id.entifled, 
the tu m ,houl<.l review thlt matriK. Any Sltp:s or 
rroj«ts n«csury for su.:ccssful implemcntation of.the 
sclected fi<S! sys!em 1hould be scqucntcd and lilted. 
Th.i! will be ncccsury far devdopin¡ a meaníngful 
action plan. Pn:requisite projccts should thcn be 
clearly dcscribed and their n:lationship 10 tbc sclected 
first •yuem dclined. 

Document Rccommended System 
Finally. the rccommended fim system (or first subiys·. 
teins) >hould be funher documenced. Thc aystcm · 
ahauld be <.lescribcd in sulftcient dctailthal lhe CJtceu; 
tive can properly evaluatc it. Thc dcscriptian should 
include an ovcrvicw of systcm functions, major purpaa­
cs and proccssc• supponcd. lt sho~ld idcntify any itew 
tecltnaloJies and/or •pecial•kills thll nced lo be . 
acquired or dcveloped in order 10 implcmcnt or oper11e 
che rccommcndcd new sysccms. A gcncu.J dcscriptlon · 
ofpe=ivcd bcncfiiS anticlpatcd should abo be · 
includ.ed. Tbc recommendatiorl, dOQimCntation, attd 
pn:scnlalían sbould be in a (ormal consisten! with 
standard compa.ny practic:e . 



Beca use of resouroc limitations., thc delinition of 
more than thc vcry hi&host priority •yucms may be 
im[>OS$iblc initially. Howevcr, tbc samc mcthod can be 
lliCd in mal:in&latcr sc.lections. · A'ncr thc implementa· 
tion ofth firM systcm hu becn complctcd. tM priori· 
ties ofthc remaining systcm should be rcasse..ed. for 
cumple, after thc r1rst four •y~tcm• havc bccn implc· 
mcnttd, the systcm initially listcd lifth may no lon11cr 
be al thc top ofthc list bccu•c thc rcquircmcnu and 
problems of thc bu•inc .. ha ve chan¡¡cd. 

"' " .. : . 

............. 
h.¡j!•,·1é'' 111 f/1 o 
!-" : wu 11111 Id 

Expansions and Variatlons . 
Angthcr mcthod that may be uscd ftll" prkority aclcction 
is lo focus primarily on linancial justifio;.~~tion. U1in1 
Ibis tc.;hniquc, thc team attcmptl lo foi:us 011 tan¡:iblc 

. bcncfit1 u providcd in thc valuc Aatcmcnu durina tbc 
cxccutivc intcrvicws. Thi1 tcchniqu~:, ullcd rilk· 
bencfit analysis., is dcscribcd in Appcndi~ H. 
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Chaptcr 13. Rcvicwing lnformation Systcms 
Managcmcnt 

Th~ dcvclopmentand impl~mentation of~hr informa· 
tion an:hitcciurc cannot be acromplisbed without 
adcquat~ pl~nn in¡. mcasurcment, and rontrol in tbe 
infllfi\IDiiC>n systcms funaions. This chapler d~als witb ' 
thwe aaivit¡cs rcquircdto adcq11ately r~icw thc 
lnformation Sy>tcms Mana¡cmcnttiSM¡ fUJt"ion so as 
to rcc.,mmend inlmcdiatc'chan¡cs and 10 •pccify ISM 
ilttivi!icslhat are part of th<: follow-on projectJ. , 

Thc ust• ""dy wiLI not cncomP<ISS allthe tSM · 
functions. Thc tSM analysi~ should be atibe leve! of 
!he 1/S dircc\or'• vicw and should indudc only thc 
plannin¡; and control aspccis of !he nujor 1/S prOCC$11:1. 
To putth~ ISM activities into penpcctivc. thiJ cha¡!Ur 
uaru with a dctinition oftSM and thcn ¡;ocs on to thc 
objc~üvc> of1hc ts~ module in the BSP •ludy. 

Purposc of JSM In lhe BSP Sludy 
Thc purpose o( lnformation Systcms Mana¡;cmcnt \s to 
mana1c che trs re.ourcc• for thc most cfficicnt and 
cffcetive auppon ofthc busineu.. Thc man~¡;cmcnt 
•Yotcm hclt». providc thc continiiÓUS planning, control, 
mca>urcmcnt, and oper~tion oflhc information 
>y5tcms runction. An cumple ofthc total spectrum of 
tsM proccs~s is rcprcscntcd by Appendllll. 

/SM tlJ Part oftht"BSP Study 
Thc ubjcctivcs ofthc ISM module are 10: 
• Study thc fam relatin¡; lo tSM produe«< in othcr 

m<><lulcs of thc ISP study 
• U ndcrstand the findinp and conclusions on 1/S 

>uppon oftltc businall in rclat_ioa to ~M 
• Funhcr 1pccify liS objectivcs 
• Enn11c thatthe fitst "'bsys.tcms selectcd will be 

supponcd by thc o;urrcnt or planned tS~ f11netions 
• hlcntify thosc lSM proje<;\.llthat hove hi¡;h priority 

a!ld •hould be follow>On tSM proje<;\.11 

ISM lnpUu 
Therc ar<= actiont in othtr &tudy modules prerequisite 
to pcrformin¡; the 15M activitics in the BSI' 51\ldy; 
• From ~tu<.ly prcparation; · 

· 1/S mi.,.ion and obje~:tives 
1/S plan~ an<.J &tratc¡ics 
1/S mc.tSIIfCmcnU 

.. 

1/S nrpni:u.1ion 
1/S bud¡;cts 
liS lrcnds (rC$0\ITCU. u pe~) .. 
t/S invcntory and loo;ations (cquipmcnl, software, 
systcms. P':fJC!nncl) 

• F rom detcrminin¡; bu_sino:u rcquiremcnts: 
l)c;¡cription ofbu>ineu objcctives 

• 

liS suppon problcrrt5 (from uo:o;utivc intcrvicwa) 
Major tSM problcms/rcquiremcntt from or· 
dircctor's 1/S revicw) 

• From dctcrminins an:hltcttuflll prioritics: · 
Ncw tccltnologics and •killa rcquiredto support the. 

. dcvelopmcnt ofthc fint suh¡ystcm(l) 

Flow of Activities in the ISM Module 
Figure 37 g(vcs an ovcrvicw ofthc· activlticl involvcd In 
thc ISM module. The aetivitic:s in italics ué n<Jt Pllft of · 
thiJ C>,cn:itc but are included to hclp the rcadcr ue· 

'whcrc tSM f>U wth thc othcr ao;tivitics. Al nOicd in !he 
figure. tbc rcquired \S M tUqes &re devclopcd ·through 
threc ehanncls: · · · · 
l. .1/S objcctivcs 
l. lnformatlon an:hitecture 
3. Problcm analysis 

1/5 prob!crrt5 
ISM problema 
Thc d1an~u req11ircd by cach of thcsc are then 

conwlidatcd into a lis\ for developin¡ 15M prioritiQ, 
which serves a.1 inputto the ISM portiQn ofthc actiQn 
pl_an rcsulting from thc JSP st11dy. 

Compiling the I/ S Objtctivt!l 
Thc liS objc"ivcs are rcquired to providc the frame, • 

. work to pr.,vidc conslstcncy in thc dcvelopment "and 
employmcnt of 1/S rcsooro;cs in tuppon of thc bulinca.. 
trs objcctivcs must bC consisten! wilb the objco;tives 
and mana¡;cmcntsysttms ofthc business so as lO serve 
ua¡uidc for the devclopmcnt of VS plans and ltnto­

·lic:s in thc asP fo!low-on attivities. . 
The curren! liS objectivcs wcre doc:umcotcd in the 

8SP &!11dy preparation pbase and diKuuc:d in thc lis 
. director's prcscntation. . · • 

In dctcrminin¡; !he prcsentJ/S objtctivcs to be 
modificd and additional ohjc~!iVcs thatshould be 
<.Jef~ncd. !he followin¡list can be used as a ¡uide. Tba 
obje~tivcs ~an be spccificd by definin¡thc Jong·lcrm 
vicw of caeh uflhcsc c.atc¡orics in information systCms. 
l. 1/S Personnel· 

Organiution 
Skill rnl~ 
Oevclopment and tninin¡ 
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2. I/~ Finanu 
A p 1' ropri~ tiunl 
bpcnoc budg~l 
U"'' bud¡¡ct fur 1/S 

3. Uscr 
Cap;Lbilil)' 
R~sponsibility 

Dcvdopmcnl 
rr.ua man~gcrn.:nt 

4. I¡S facilities 
Proccuin¡ sites (do.ta eentcr- uscr l~alioru;) 
Equipmcnt 
Software: ·· 
C'ommun icalions nctwork 

S. Ap('lic;uionl 
6. Data ,' 

Thc following il a 0.1mplc of I.IS object\ves foUowin¡ 
this approach: 

/'~rmnMI 

l. Providc sta IT us.sistance for plannin¡ ~nd control 
Lo all Jcvcl• uf I¡S linc mana¡cmcnt. 

2. Ccntralizc nJJjor devclopmcnt an<.J control 
functions with dc•...,ntralilod opcratiom. 

3. Dcvdop 1/S pcr.onncl wbo are: •pec'talim fur each 
function of thc 11\lsineu. 

U m 
l. Providc ma1imum data pr<>«:uín¡ capability and 

data an-c:s. 10 usc:rs whilc maintainin'g central 
comrol. 

l. btabli~h u•cr rcsponsibility for information 
rcquircments and validity o( 1/5 outpuu during 
thc uternal dell¡n phase. 

F nllowing this pre>«dure in oompilin¡ the 1/S 
obje~ti~e• •hould raull in implicd changesto ISM. 
Thc.., changc• •huuld b<: lisled and re~iewcd with the 
1/S director ami thcn held for Jatcr consolidation in the 
OMiiblishtn& of ISM proje~1 prioritie5. 

Ensuring ISM Supports Ardtitu/ura/ Priorities 
As Figure J7 •huw., !he architectural prioritios are a 
majar input in dotorminin& thc chJn&••to tSM. The 
IÍr$! data ~ and information •r.nems will probably 
require new toxhnologia lhat must be pro~idcd and 
managed. Thcy may ai<U requirc ncw managoment 
prauice.. For cx;omplc, ~ move to dimthutod data 
prncc,..ing may rco.¡uirc new practiccs rcgording 
funding. charg.:DUI>. control. and edutation. LiJt these 
changcs and s.ólVO Lhcm for Lhc oonsolidaliun. 

Rurrangc I¡S Support Problem• by Type 
The third channcl fur idcntifying ISM changos i• 
pruhlcm unalysis. Thc problcn>s that ha ve becn 
idontilicd in thc os~ htudy u re •cpar~led into 1/S 

" 

"'l'fl<lrt problcms ~nd DL>D·I/S pr<>hltms. Allhough t!w 
lts ~Uf'f'Orl pmhlcm• "'~~ hall<' bccn ali;ned with 
bu''""'' pruccS>.t> and "·ich data. thcy sht.>uld be 
rcarr;~ngc'<l al this lim~ (,,. ho:U~r cv~luacion Df thcir, 
"'luti"n¡; Lhn>ugh chantc• to ISM. The ~arrangcment 
•h<>!> Id rcsuh in tite calcgoriLin¡ of thc problems by ti" 

. foUowing ISM proccssc> fur ease ofdcfiningand 
implcmcnting changn: •crntegic planning. man•&e· 
mcn"t concroJ. lfS dcvclopmenc. sySiemi ma~ement, 
dala adminim~tion. and organiuuion and adminisu ... 
tion. Catcgaritin¡¡ the problcm• by JSM pr<Xe~~C~wiU 
alsO provide direct in pUl 10 thc follow.on accivicic5. · 
· Ancr rcarranging thc liS fiU¡"Ipon problems by type,. 
check ID..,., thatthu.., ~1ultin; from inudcquatc or 
nunc•imnl syslcms ha ve becn add~ssed by the 
propo..,d infurmation IKhicecturc. Thi• may idcncify 
ch•ngC$ to eü<ting sySicm5. Such infurmation would 
be gi~cn ID che liS dircctor for appropriate ao:tion. Tha 
uther problcms !ihould be cnnslated imu required ISM 
chsngcs. f or cxamplc, !he iniC<:c!Sibility uf cxistin¡, 
data m ay rcqucrc a changc 10 the user function, givin¡ 
tho il<er direct accc!S co Jclccced daca through hi• 
lcrminal. This would b<: in Jine wich che objoxtivc tQ. 
distrihutc more d~t• proccsoina capability 10 thc usen 
and rcquirc adduional concroU. After liscin¡ the 
rcquircd ISM change1, hold 1hcm fur combinin¡ w(tb 
thc oncs rc•uhing from thc ncxt stcp. 

Extrnct/SM Problcm• frunt 1/S Re•icw 
During che kickollthe director of information •YilCITI$, 
or his repre..,ntativc, gavc a r~vicw of che statu! of 
informatiDn oystcmo in ~he comp,any. Pan ofthll 
rcview COV(red turren! problem• in informacion 
.I)'Jtcms mana~ement: Tbcre U a si,nilicant diiTerence 
~cwecn eh ese: problcnis and those in lhc prc~in¡ ' 
paragraph. The 1/S suppon problcms m ay imply 
problcms in ISM or m~ y be aUribuuhle co ulher causes, 
wherus specific ISM problems may b<: spclled out • 
durin¡ the liS review. Cate¡orizo chis SOl ofproblems 
a!so by informatiun s~llcms prDC;CSScs. 

Beca u'-< une of the mojor BSI' objcctives is thc 
d evdo¡"lmcnt uf~ lonc·ran¡c information systcms piaD, 
il •hould rcccivc major cmphasi• durins problcm , 
analysi• and ic must, of ooune, be onc of Lhc follow-on • 
projccu. Of eq ual imponancc wich liS plannina· is the 
•ubject of data managcment. Sincc data has becn 
idcntified as a corpurate rcsourcc. • major cmphasis 
must be put On its managemcnt. This dso will b<: one · 
of lhc foJiow-<Jn projccu in ISM: both it and liS plan· , 
ning will be elabonced u pon more fully In Cllapter 16. 

Consolidar in¡: and Prioriti:ing ISM Cha11g~$ 
Conoolidacc aJJ Ofthe implied ISM changcs from the 
thrcc •ourco>. Dcvclup critcria tu be used to rank thl 
JSM chan,es, 11uch as impacc, pocential bcnofiu, rcsour-



\ 

f 

ces in volved, and probabilily ohuccessful implementa· 
tion. Apply weights for cach fattor and determine the 
total wci¡ht and prioritY usociated wilh each oflhe 

·LSM m angci. Thil ~-elcction proceu should parallcl 
that u sed in establiihing Lhc architcttural prioritiea. 

· D~uloping Rer:ommendotions tmd Ar:tion Plan 
Allhough thc abovc activity will ¡ive priorities, do not. 
cstablish ~chedule• untH this lilll.l combintd with 
áctioru rt-quircd for otber fol!ow-on activiúes. Th~ 
dcvclopin¡ ofrc«~mmcndationaand an action plan is 
cowcrcd in tbc nut ehapter. 

ISM óutputs of a BSP Study 
Thc fotrowin¡ list summarizcs thc outpuu thatshould 
rcsult from the 15111 ponion ofthe as• study. 
t. Firidinp and condusion.s 

Major tSM problcm analysis .. 
tSIII problems deduccd from lhc liS luppon prob-. 

··= ~. 1/S objcctives 
). DefÚLition of hi¡h·priorily 15111 projCCIJ 

Fim systUnsluppon requirt-mcou 
Projccu addreuin¡ major ISIII problcms 
.Immediate lctions recommcnded 

4. Action plan for follow-on projects 6 J 

Chapter 14. Dcve.loping Rccommcndations and Action Plan 

Spc.:ifi¿ USP otudy =ommcndation• m ay ccnier onthc 
are~• of: 
l. lnfurm~tioñ architeelurc 

1 
M. Llctailing the su bsyslcms ofthe information 

nelwork . 
b. lnterim improvcmenls lo curren! systems 

2. rnrormation •YSLenu managcment. indudina; 
a. D~ta nlanagen¡cnt 10 controlthc datil rcsoun:c of 

lhc organization 
b. lnform~!ÍOII S~ICms fdanning ~!O CIIIUI"t" 

that the information ar~hitec>IUre remzins respon· 
Ji Veto changing conditioru 

c. Mcasuremcnt and control !o provide a •yslem of 
procedurc¡, rontrols and structure for futurc 
impfementaliont · 

J. ArchiteciUre prioritics - dcvclopmcnl of thc firll 
sy>tcm Lo lx= implcmented 
For cach recommcndation, therc m ay lx= an ass«i­

t!cd projta. and for c>'(:ry projctt an action plan 
should be de•·elopcd id cntif y in¡ !he Ley dccisions and 
u¡ivitie• rcquircd 10 help managemcm providc proper 
dircclion. Thc action plan should 3ive 1he projccl 
m~tna8cr o firm basis fur a sniooth transition from thc 
SLudy wurk product 10 thc paniculm projcc~. Thc plan 
should dc>eribe thc rosts, potcnlial benefits, aud 
..:hcduJes for each project in cnou¡h dctail that an 
inforn"d cxe.:utive dcci•ion can be m¡¡dc to approve or 
rcjcct thc projcct. 

f:.och acti?n plan shouJd in elude the followin¡: 
S~o~ of proj~r. Dcscnbc JUbject ofproject, includ· 
ing ;izc and purposc. 
D~li•·erobl~.r. list and define each output or re•ult 
npcctcd ofthe proje<;l. 
Sd,.·dode. idemify upcctcd starl and conduding 
date• u. spc:cineally as pussible. 

PottmfuliHnt/itJ. Describe a ntkipa!C>d bencfits OT 
rcasons for doing thc projctt. · 

'People ond .~i/11. Describe manning of rrujcct in 
1crn1s uf manogcmcnt a• wt>ll asll~ffing. 
Too!J ond t~hniqrru. Describe any rcquircd pnc­
liccs or methods a.s •p.!cincally u po»iblc. 
TNinin8. Describe specific orienta! ion, eduntion, 
and 11udy nc«sUry for succeuful uccution ofthe 
projctt. 
Contm,.lficotlo/11. ldcntify eoordinltion, Ji1ilon, 
imorfa~-. poinu, or furu:1ions u .....,u as documenta· 
tion roquiremcnu. 
Logistlcs. Define matericland facilitY nppon 
ncccs;ary and ind!eatc whcn it is ncedcd. 
Control. D.:fine projett control mclhod•and rcsPun­
sibllitics as wcU •• revicw(approval rcqulrcments. ' . . 
The amount of cmphasis placcd on 1hc rcrommcnd­

ed follow-on projecu v¡¡rics ¡rully from onc or¡anizi.· 
tion lo anolher. Normally. muhiplcfQJiow-on projccu 
will run concurrently. Thc .number of aimultaneous 
Jystem projccts ~lrics with thc nccds of lhc orpniu­
tion, thc resources and time availablc to perform cach 
projecl, and othcr fac!Ofl. 

The complction of the aelivilie:~ abuve cnablcs che 
bSP study tcam to proceed to its final activitics: prep.;t­
ration of L11c otud y rcport and prcscnta1ion o! lile 11udy 
re:~ults 10 e~ccutivc mana¡imcnt. Thorou¡h pr~flo'r&· 
tion of the aCtion plans, potcntial benefits, ~nd ~~ 
cnablcs the" nccutive sponsor lo evalu1!C thc rccom­
mcndations. Thc study ¡cam can thcn aü for and .• 
c~pccl a prompt approval ofthc rccomn!endation• and 
1 ·prompt commitment by m~nagcmcnt to implcmcnt 
thcm. 
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Chapter 15. Reporting Rcsults 

Hl~in¡ dcfined lhc information architecture, identificd 
the architedu re prinritie!l, rc~iewed and as.c~ed 1/S 
mana¡:cmenl, and d~eloped rceommcndations and the 
action plan, thc ~sr ~udy Lea mis rcady Lo eomplelc iu 
mission by prcpuinglhc study repon and preparin¡ 
and deli~crin¡an e~o:c:uti•·c prcsentalion. Thc purposc: 
ofthc rcport •nd presenta!ion isto obtaii. furthcr 
uccutivc mana¡cmcnl commiLmcn11nd involvcmcnL 
for implcmenlin& rccommcndations f10m lhc asp 
11udy. 

Thc fol!owing activities"are pcrformCd in preparin¡ 
thC liudy repon and c•ccuLivc prcsentalion: 
• Repon outlinc is prcparcd ; 
• Rcport 1.1 wriaen 
• Exccuti>'(: prcJcntation mcdium ¡, dctcrmincd 
• Exo:cutive pte>enlllion is prepared and dclivcred 

Report Outline 
Durina thc initiat 1tcp.1 or prcp.arinB for thc study a11d 
dcvelopinl 1 work plan for conducting tbc ltudy, thc" 
tcam preparcd 1 prcliminuy report outlinc. Since the 
report now ma~crializing from tha1 outlinc is 10 be a 
consensus ofthc cn1irc tcam. cach ofits •cctions should 
bc·rcviewcd by cach ofthc mcmbcu so thatLhc final 
d«ument rcfle.:ts aU thcir commcn!J. 

Thc rcport may be mucture.d in many ways, de· 
pcruling u pon prc<;Cdrnt and mcthod1 of pl"C'sc:ntalion 
within lhc bu1iness ronducLin& tbc Jtudy. However, to 
a~istthe tcam in i11 ~onoideration ofpertincnt afeas, 
. an extcnsive lis¡ oftopics is prcsented in Appcndix J, 

Thc IDOlll ii¡nili~ant linding.<, conclusions, Jnd 
n:commcndations 5hould be summuizcd in the first 
fcw pa¡:cs ofthc rcport for the use of IOP managemcnt. 
Supporting detailsshould be includcd tater and in the 
appcndiccs for othcr mcmbcrs of Lhe organiution and 
for tc.am mcmbetJ who will p.articipate in futurc 
follow-on ai;\iviticl. 

Rcpori Prcparntlon 
Thc prilnary writin¡ rcsponsibility for cach of the 
~ections of thc report was a.-igncd durin¡ sLudy 
prcparalion. A1thc otudy progresscs. changes, addi­
tions. and dcletion1 can be madi lo Lhe prc!iminary 
outlinc. By thc lime lhc exccutive inlcrvlcw¡ h~ve becn 
oompletcd. agn:emcnl sho¡¡ld ha>·c bccn rrachcd on Lhe 
JinoiLJble ofconlcnl'. and !he indivtdual swdy ¡ea m 
men1bcr.; •hould h~vc available lo thcm nl<I>L of thc 
inf.,rmaLion ncc.Jcd 10 cnmplelc thcir a~i¡ncd sectionJ. 
Thc study te:~m lea del usually usumc• thc rc>ponsibil­
ity for Writin¡ the hacl¡;round Jlld o~cr;icw beca use 
mtoch ofthi• material wmcs dirce~ly from Lhc oricnt•· 

· tion information prcscntcd 10 the tea m ntthc liáo!T 
mc<:ting, 

Thc oondusi0111, recommendatlonl. andan actio11 
plan sbould be re~iewed with lbc uecudvc 1ponsor 
befare thc tum draft! thc ronaJ report. Controvel'lial 
arcas or areas of hi¡b imp;u;t 011 thc bulincu may be_. 
rcvicwcd wi1h ¡he uecutivc invol'ICd, LO determine 
how llf:stto presentthe recommendatioru. 

Presentation Medlum 
The principal fl~tonto consider in determlnin¡ how 
thc report should be presente<! are tht typc and liu of 
the audience and the acccptcd waylofmakln¡ 111~11 a 

· prescntation in the particular businc:u environment. 
Consuhation witb !he cxecutive sponsor early in the 
1tudy to obtain his adviec on this1ubjcct ~an be most 
helpful in cstablishin¡thc propcr directlon. 

lfthc prescntation it made to a1m11l ¡roup, ca.sel 
flipcharts are adequate and popular. lf tbe audicnc:c 
numbers more tban 1 dozcn. vicwcrapbs or 11ides 
lhould be conJidercd, lfllidQ are LO be u1ed: adcq111\C 
time ¡hould be alloned.to have lbem pnpared. wbc. · 
in·housc: or by an outaidc vendar: 

Executivc Presentation 
Thc exccuLíi·e prcsentation un be developcd complctc­
ly frorP material contained in the final dufi ofthe 
repon.. The principal aims of thU: presentation are LO 
inform managcment ofthe lludy'l Jindinp. makc 
n:comm~dations, and securc appronl ofthe action 
plan . 

Thc pre>entation should be con1ise- prefcrably no 
longcr than an hour. !t should be lo¡ical and fa<:tual 
and sbJuld end with rccommcndatioru for thc follo,.,.. 
on acti~ities. For uample, it may !Ue !he followin¡ 
form: 
1. lntroduction 

B1ck¡round and ovcrvicw 
Objectivcs 
Sool" 
Study tea m 

2. Study appro;u:h 
Busincu and liS re~icw 
Bu1iness processc.s 
Busincss/informat"Lon IYIICmtl relationlhips 

l. Majar probtcm idcntified 
4. Condusions ~nd rccommcndation1 

lnfornlalion architecturc and priorities 
liS rnana¡:cment rcquiremcnll 

5. Aaion plan for foii<)W·<>n projed acti~itlcl 
Pcscription{s) 
Dcliverables 
Rcsouro.-.:: rcquircmcnts 
Schcdules · 

" 
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Chaplcr 16. Overvicw of Follow~On Aclivilies 

The USP >tudy endcd with thc devdopmcnt of an acüon 
r1 ~~~ for the f<>llow-on ~ctivitics and a prescmation for 
managen1cnt approvalto procced in !he docution of 
thal p!Jn. This linal chapter ofthe BSP Planning Guidc 
givc.< a o ovcrvicw of thc follow-on activitios and serve• 
thrcc purpo..,,: 
·1. To relate tlie follow-on activities to the ~sp study 
2. To show how lo capitalizc on the resulls ofthc BSP 

.tudy 
). To funhcr cxplain the major follow-on projects 

The following se¡:tion hdps in putting the folloW-on 
aclL ''ities in perspe<:tive nnd in emphasiting their 
impon"nce'. lt nloo expbins how to gctthe maxlmum 
use ofthe output from the ~SP study. Thc lauei p~rt of 
this ch4ptcr attempu lo give enough of an understand­
in¡: of the follow-on projecu lo alloW for sche<lulin! 
thcn1 in the action plan and to help preparin¡: for them. 

Pcrspcctivc on Follo~v~on Activitics 

Re/ation of BSP Study to Fof/ow-on Acti~itie~ 
Thc t'olluw-on activuies are' a cnntinuaünn and upan­
síon of thc mJjor ac1ivilios in \he HSf study. The major 
thru•t of che ~tudy w;u onc of undcrsunding. dcvelop­
ing findin¡:s and conclmions. aod ma~ing rccommen· 
d~tion~. While chethrust in fol!ow-un projccu ;1 .cill 
lo uodcr>t~nd, grcater empbasi$ is pul on dtta.iled 
detinicion• and planning. 

Thcre is a ~rtac netd for communicatioru among thc 
projccc 'team• if project implementation is 10 be •uc­
ceS>ful. Therefore. the informationsystems dire<:tor 
•hould tale ovcrall re.pon•ihi!ity for tbe projects, sine.: 
the funeli<lO> perfonned during the fol!ow-on acüvítics 
are a part ofthe ISM respon•ibililies. Betouse che 
fol!ow-on activities build u pon !he resul\5 of and tbc 
infl>rmation gachere<l in the BSf study, there i• a need 
for contüluity of tea m members. Al leasc one person 
on che BSP "udy lea m should have hecn choscn from 
thc d~ta proces.>ing function. with the idea tbat he 
would re m a in f or th e f ollow-on activilies. 

Thc fu n<:lions performed by the e~ecutive sponsor 
for thc n~t' >ludy should be pcrformed by a stecring 
tommitcec for thc follow·on proj«ts. unlc¡s therc i& a 
mnnagcmcnl commiuee thal will perform them. 

Busme» proce"ies continue to be the ve hiele for 
und~r>tandi"g detailcd business rcq uiremonts and for 
furthcr dclining lhe information architccture with 
•re~ial emphasis on the der.nition of the r.rst systern. 

Prl!parutionfor }QI/oJ<'-011 Activitie~ 
Bccau>c ofthe variations in the r.ndings and tonclu­
>Íon; th~t m ay re~ulllron, PSP. studie>, the follow-on 
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octivities ~nd tite cmpha.i1 pla•-ed on ea~h of thtm will 
val)' from one u.-.~ >tudy tu another. For purposcsot 
thi& di.cuuion. thc fulluwin& as.un1ption1 are rnadc: · 
l. tSM func"li<ln• mmt he changcd or ~ddcd to providc 

a comrolkd envirunment for the developmcnt and ~. 
implement;ni"n "f thc informalion architectur~ · 
idcntilied in the PSP study. A detailed information 
•Y•tcnts plan will k'de'vdoped that will reflect thcse 
planned changi:s. 

2. Thc informatiun arehitcclure must be funher 
dcnned ~nd dato bases idenliticd. 

). A fim .IY>I~tu ha• been chosen for dcvelopment and 
implcmcntation. · 

Oriimtation o[Team:r 
Dcfore rhc beginning ofuch ofthe fol!ow-on projecU, 
the liS dircctur should provide oriental ion for projca 
tea in mcmben. Since many ofthe tu m memben will 
not be familiu "ith BSP, iu principies ind objectiva 
should be summarized. 1t is very imporllnt thát 
cveryone on lhe project teams understand cxact!y how 
thc RSP study 10·as conductN and bccome familiar with 
the outputs so as tobe able 10 bui!d u pon them. 

A rcview ofthe DSP 5\udy repon for the arcas to be 
studied in the fnllow-un projC.u 10ill belp to dC1cnn'inc 
whcther tea m memb.:rs neo:d special cducation. ·A 
specification of too!s and tcchniqucs may abo rnul 
tbc need fo< >pecial education. lf required, lpprOprialc ' 
das.ses can be ..:hcdu!ed on an individual baiis.. lfthé 
l!S director wa• nota membcrofthc BSP lludy ll:am, it 
mi¡:ht be advi•able for him 10 attend the 18!.1 lnfonna· 
tion Sy•tenu Planning roun.e. . 

The followin& is a s.amplc list oftopics for projca 
team oricmation: · 

Jntroduction by the sponsor 
Objectivo:s nf !he orienll.tion 
lnformatiun systerns concepts and penpeetivo:J 
Data base com:epts 
Overview of the 8SP study methodolo¡:y 
Det•~cd discu~sion of the BSP •ludy 

Business cnvironment · 
Objectivcs 
Major proce•s.cs identifted 
Major problems 
Curren\ liS suppon for thc busincu . , 
lnterviews 
ln formation architecture 
Major findin¡:s and eonclusiuno 
Reeommcndations 

· lntroduction to the follow-on a.;tivitiCI 
Relation to the bSP slltdy 
Rclatiou 10 1he H.Sf study ddiverablcs 
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Disc1minn of deliverables fromthe follow-on 
a.c1ivi1ies 
Explanalion offollow-on projeCU 
lntroduction of too)$ and techniqOes 
lmroduction of prepara !ion activi1ies 

Ac1iví1ícs airead y perfonned 
Activílie> lo be rx-rfonncd by 1eam mcmbers 

lme"·i_cwing s1ra1e¡;io. and ,e!eclion of imcrview«s 
Use ofmalriccs • 
Pilols of forms. tools, u:chniques and interviews 
lnlroduc-tion lo 1!11'0 and iu; use in lhe follow-on 
projccts 
Assi¡;nmcnl of rcsponsibililies 

·• Dcvclopnicnl of task dc><::riptions by leam mcmbers 
Explanation of projccl control systcms ; 

Informatbn Systems Manngcmcnt 
lSM is !he kcystone of effcctive suppon of the business 
by inform~lion systems. lt can be defined as the 
managcmem o'r the information sy•lems resourees for 
!he mo_,¡ cfficícnt and cffective"suppon of the busin=. 
The in1poriancc of continua! emphasis on JSM is 
summarircd by the following stalemcnts: 
• Dcvclopment of !he information architecture will 

takc place over a pcriod ofyeats. 
• . Changc• lo business stratcgie• and plans as well a• 

1/S lcchnology will be continua[ during 1he devclop­
men¡ Mthe inforrnation architeclure. 

• Thc proccsses of maoaBing t¡S will ha veto be 
rclíncd aod ~hanged cootmu~lly 10 prorx-rly plan, 
meas u re. aod c"'11rol rcquircd ltS rc.ource>. 

• Thc BSI• >tudy is a onc-time eO'on that•hould b.c 
followcd hy c'Ontinual t¡S planmng to fully capitalizo 
on thc rc•ults. 

IS!If in Per!>pectil•e 
As covcrod in Chaptcr 13. !he !S\t follow -on projecls 
will cmanatc from ( 1) rcquiremems ta support liS 
cbjcctivc,. (2) changc• resuhing from 1 he dc,·cloprnent 
and implement.,tion ofthc first S)'stem. ami (3) reoom­
rnendcd changc> to sol ve t¡s support problcms and ISM 
problcm>. 

Fmm thi> i1 i> safc lo a.sumc that lhc reoommcnda­
tion> ot1d udcd: 
l. Emph:o•i' on infNmation sy>tcms p14nning and 

control at~d on dJta ~Jministrauon. 
2. Somc ·,·!me-in prnjccl>. •u eh ao !he establishment of 

a 5lccrwg cnmnul\cc .u1d rclínerncnt< to pmJee\ 
comrol. Cnpadty pl.o nnin g is also a na\ ural follow· 
un lo" ll>l' ;tuJy •im·c it cAamincs thc d:ua prü<."C"· 
ing c·ap~ci!y Jlld dctcronincs "hcthcr doangc> are 
rc4u ircJ to ~""""""'>d.otc thc ~rdlÍtcctu r.ol p 1i,nitics 
or to "'''"" "'""" ,,r thc t;s >urrmn rr<>hlcms. 

3. A ru:oj<1r P• <'JCCI(> l in ISit. c.g .. cst~bli,hing an action 
pl.n¡tn 11\0VC 1<1 ¡J¡,tribUicJ <i>tJ proce;oing. 

' • Pcrbaps lh~ mo.11 imponanlaelion lo b~ taken afier 
thc BSP study is to decide '"hatrx-rn'ln or group of 
pcrn'!OS is rcsponsiblc for continuin¡1he liS plannin¡ 
usin¡lhe HSP !Urdy as aba ... Whilc the BS~ >ludy 
culminated in an approvcd il.ction plan, thc overall 
objcctivc ofan tSM projcct will be te>dcvelop a long· 
ran¡e l/S plan that will dircct the design, devdopnlent, 
and implcrnentation of an information architecturc. 11 
should includc sufficient detail on proj«U. re•ourccs. · 
and schedule• to ¡u id e all leve!! of managcrnent on 
what is to be done, when, and by whom in thc organi­
zation. Sincc lhclong-range liS plan is an integral pan 
oflhe busines. plan and is prepared with full rnanagc. 
ment involvement, it should hclp to providc thatlhe liS 
resources oflhe bu•in= will N uscd to cffectively 
suppon the business. 

Alro, sincc data rnanaccment is a comple~ aro:a 
rec¡uiring long lead times, thc da! a adrninimator 
should be deeidcd u pon a• eaity as possible ro lhat lhis 
func-tion c~n be properly coordinaled. 

The importance ofltS planning and data adminis­
lralion cannot be overemphásized. and they will nearly 
always be a pan ofthe foUow-on activity. The aclivi­
tics will nol be c~plained funher he re •incc !he y all: 

oovered lhoroughly in IUM." GUIOI'.. S liARE, and iradc 
publications . 

Sorne of !he drn.c:·in projccu should he done 
imrnediatdy aflcr !he BSP study recornmcndations are 
approvcd and before 010>1 ofthe follow·on activitics 
are s!aned. The e>!ablishrncnt of a stccring oornrniucc 
and a projecl control sySiem are c~ccllenl cumples 
since a steeriog comrnittec should be ovailable to direr:t 
the follow-on activitie• and • projcct control synem · 
should be in place 10 help lile lfS dl!ector adcquotely 
control and coordina te !he activities. 

Thc major ISM follo\\'·on project willprobably be 1 
long-rangc activity such as liS planntng or data admin­
istration ora combination ofbnth. 

BecaU>c of lhe size of these projects a~d 1heir 
interactions with al11hc ({S proces.c•. lt is imponantto 
fully understand alllhe functions of ISM beforc under· 
laking any recornrncndcd change to any pnr! oftSM, 
juSI as Íl was importan! to fui! y undemand the busi­
ne" befo re starting lo fu!líllthe inforrnalion rcquire­
mcnt<. Sorne rnechanism >hould c~i" to gct the broad 
view oftsM, and us~ can be u>ed as that mcchani 5m. 
You may trc~l lfS as a buslnc .. ·withln-a·bu•inc .. and 
apply to itthe samc USI' tcchniqucs that you have 
appli<.:d to lhc bus'rncss in wbich it i•located. 

lnfurmútion .\"ystt'ms a.v a Businr:.u 
Many ufthc '"'l!viuc• fur ¡>Crforming a usr study in the 
ltS function havc alrcady bccn accompli>hcd: 
• l'acU rclatin~ tu int<.•rrro:niun ¡¡y•tcms wcrc gathered 

u ¡r~n of !he •ludy prcp:<ratiun phas.:. 
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• IS'I rcsron>ibililics, ~ctivitics, and problcmt wcre 

idcntific<l by the 1/S dirr.;lor durin¡ tite kicloff, 
• M~ny ol the findings and condusions h~ve airead y 

bcen pul to¡;cther as a re$Ult ofcumining !he 1/S 
t".lns nnJ tbe problcms. 

• A Jir>t tsM projce1 ha.! bccn identificú andan action 
plan establishe<J. 
While sorne of these ac1ivitics wi!l ha ve lo be 

exp~ndcd, they make a signiftcant st~rt in understand­
ingthc whole liS function. \he fo\\owing idemilies 
othcr stcp• that •hould be performed; 

l. Defining tsM proe<:1.1es. Appendi1 1 tuucmthe 
procc!Oles thittake place in tSM. Tbit may be u~ 
as a checkli•Lto idcntify the ISM prD<:<'ues. Other­
wi<c. you m ay wish lo identify the information 
sy>tcms rc;oun;o and the aetivities arul dcdsiona 
found in thcir mana¡:emem c~lc. The followiq ita 
li~t of rewurt"ts to be considere<!: 
Programs ~nd systcms 
Function .. l modules 
Data ba.es 
Hard" aretsoftwaro/communicalions facilities 
U>Cr facilitic-.(torminals, lan¡uages, d~ta bases, etc.) 
l'hysic~l faólitics 
financc 
Pcnple 

2. Analy1ing rdationships of organilalion. "Jlroce>Scs, 
infonn~tion systcms, and data. This is an cxact 
1'·"" lid lo 1 he devclopmem of thc matrkcs to show 
rclauon.hips in the busine>S BSP study, ex~cpt that 
1 he in formation systcms are !hose that !Uppon thc 
liS f un~tions, su eh as cquipmcnt utili>atÍOn systcms 
and chargcoUI systcms. The data is that nccdcd to 
suprort thcsc and othcr systcms used to managc thc 
t¡S function. · 

) . l ntef\ icwing Thc intervicwing in ISM wil! normally 
be ""ith thc upper two leve L. ofinformation systcms 
managers. ,<!ectivc imcuctive U!Cn, the c~ecutive 
to whom the 1/S director rcporu, and !Clccted 
functional usen. 
Thc rcmaining stcps are !he nmc Ulhe BSP metho­

dology for !he bu>iness and should be ronductcd by • 
>mallteam lcd by the individual rcsponsiblc" for liS 
plann1ng or another person with a broad rosponiibility 
in 1/S. 

Thc 8SP siUdy ofthc liS function m ay be done 15 
r:on of thc I~M follow·on project. as sugge1ted. !L 
>ho,ld :olso be con,ider«< asan effon !hatean be made 
cithcr conc•!frently wilh the business BSP study, be foro 
it. or immedi~tcly aftcr it and befo re thc start ufany 
follow-on projects. 

A' •n activity befnre the businc!l; 11udy, thc !IS 
study Provide• cxrclicncc in the melhodology, uffer5 
an c~cellcnt vicw of l/5 as in pul 10 lho businc'-l!study, 
allows an carly •tart on ISM prujccU, and can !Ctve u • 

" 

..,lling tool if sorne c.•c~"Utivcs ~rc 1kepticol of thc 
niethodology. h mu51 be reeotnlttd th~l a major 
dcriciency exisu in thc undcl"$1anding of pan uf tbc VS 
cnvironmcnt. which in thil cnse it thc rc•t of thc · 
business. 

BSP is so dcmandins ofa tcam'ltimc that rnnning 
the two 5tudies concurr<:ntly witl rcquire two tcam•, 

. ~~:r~:l ~~~~~~:l~d~j;hlO:i~~~~~:.~~~~~~~0~l~h~ may-

buS!ness and may givc !he cmirc study a much g~iuer 
navor ofan ltS projcct than i• dcsircd. Tbc major 
advalllage is the ability to relate 1/S problcms dircaly 
to ISM proble1ns and makc sound re.;ommcndation.s 011 
ISM in the action plan and repon of 1hc busincu BSP 

study. 
ldeally. !he liS study should be done immcdiatcly 

aftcr !he business >tudy, sinec ( J) thc rcquircd inpuU 
are readily availablc, (2) !he momcntum will cany ovcr 
from the bmincss study, and (3) tbe bost environmcnt 
will uist for conductin¡ al11he foUow-on activitiet. 

Information Architechire 
The ~mount offollow-on cffon required in the archi­
tccture arca dc~nds on !he kvel ufdetail in thc BSP 
uud}". Jf ihe information architccture was no\ com· 
pletely defmcd a• out!ined in Chapter ll,the basic 
orchitcctuJc dcllnition >hould be completed ~· 1he 
beginning of a follow-on project. 

The architec\urc rcr.nomcnt lo be accomplished in • 
follow·on proJect should indudc a conf.rmolion o.f thc 
major 1/S groupings, thc subsy>tcm break out of cach 
system, subs ystcm interrcl~tion, and data now amon¡ 
subsystcms. 

Severa! other ~Ciivities should be induded in thc 
information architecture projcct: 
• Eumination of curren! datil. proccssin¡ syslems to 

determine how 1hey can evoln {providcd thcy caa 
al all) in lo thc ncw systcmi arch"•t..:lure · 

• Establishment of a continuin& link betwecn the 
~rchiteelure and ¡he business plan 10 en.¡ure th.atthc 
liS plan will be ba.sc:d u pon a viable information · · 
art"hitccturc 

• Documental ion of altcmative architecturc:s that 
w<:rc tried or invcst"¡gated and i-ejcctcd. witb the 
rcasons for rcje<:linn 

• Evaluation of tbe ¡cchnical implicati<>ns of lhc 
information archite<:ture, induding conlrol systems, 
DB/DC requiremct>ts. and potenti~l distribution of 
both information and systcms 

Architecture Reftt~emenl 
Usmg !he information ar.·hitccture defined in !he BSP 
5\udy, a descrip!Ínn of cach >ubsyslem should be 
prcpared. Each description should includc the purpose 
of the sub.<lystem,_ bu,ineu problems addrwcd, da¡¡¡ 
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crca!ed and u<ed. tl~¡><nd~ncies en uthcr ;uh;ystcm•. 
¡:entra! rcquircme!lls for implcmcmmion, and priorily 
oflht ~ub;ystcm with rtlflttl 10 all othcr sub•ySiems. 

Cur/'1'1/1 Sysltems Exami1ration 
Fur dala proct»ing systcms currcntly in use or un<ltr 
dcvclopmcm, a carcful examination should be con­
duc!cd lo det~rmine ho"' each one rdatcs 10 the 
¡uWy>tcnU dcscribcd in the informati<.>n archite~:turc. 
l'os.siblc modilicalion• 1<> currcnl sy01em1 ;hould be 
d<><:umcmcd with n:spetiiO interfadn& lhcm lo thC 
fu tu re archilecture. Wherc modtlicd •Y>~ e m; c<>uld be 
u;ed in lieu of new sub•Y•Iems. " dcscri p1 ion ohould be 
lncludeJ in the archilc..,lurc documcntalion. For 
sy•tcms alrcady undcr dcvclopment, an evaluation 
should be made of po<.•i ble modificaliOn< 10 m ale the 
devcloping syncm compatible with lhc new inforina· 
tion architccture. Anal )Si• •hould he n>~de oflhc 
impacl on curren! dcvclopmcnt schedule< vc.,us lhc. 
avoidonce of niodifying lht sy>tem aftcr implomcm•· 
!ion, kccping in mind prc><:nl commotmcnt> and future 
prioritie>. 

Data nuw 
Integra t !o i nforma!ion archite<:turc ddinition in tho 
asv >tudy were tho data do=~ suppor!ingthc bu>incs.s 
"rroce"cs. A !ogica! grouping of relatcd d.t!a clas.sc• 
"·ill ykl<lthe stt of data b•-.c• 1 h~t "'·ill >uppol\ thc 
uchllt<."turc implemcmati"n. 

A data b.,e ~an be dclincd as a nonredundanl 
colleCI inn of imerrclated d;llo itoms procc«ablc by one 
or more app!Jcations. Somc <>f tbe 1crms in ¡be dcfini­
tion it•clf m ay neod cxplaitúng: 
• Nonmllmda~l mcam that indi>idual data items 

aprcu only onÚ (oral le~<! lcss frcquently than in 
norntal lile organizations) in thc dala b=. 

• lm~rr~ltued mc~ns thal the files are con.tructed witll 
an ordtrcd and pl4nned relJtiomhip lhatallows 
data elcments lo be ticd togrther, e\'Cn though they 

.. , may "''' nccc"arily be in the >ame physic•al rcl"ord. 
• Pr<>e<'.< wb/c by <>IIC '" mure <lppliml/011.1 m caos 

simply tluot data is sh~rcd and U>cd by >Cvtral 
d'1ff ere "l so hsystcms. 
De>·clupmcnt of a dat~ base has""'"' obvious 

bcnclit>. lly con>Oiidating file>. thc uscr c~n obtain 
bcllcr control of d~l~ and reduce stor~¡;c ~p~ce and 
flt<ICc.-.sin¡; time. Equally importanl are th~ resulto ni 
data syndunnf1.ali<on and timdine». U;c ofa >ingle 
info• mali<>n .<<.>u r<c mo~cs pro,·c,;ing more accuratc 
beca use ~u suh.<;·•tcms rcfcr 10 1 he ;,me d •ta. 

A <lata ha>C >y>lCOI C',lt\ hcJp L"CfCtlll\C SOII\C of thc 
comrtc•iticSnr dula <aunJ¡¡cmcnt. lt can rmvide 
~d<ll! iun;¡J dal~ rdalinn>hips wtülc m inimiLing .•lotage 
r.·dundancy. Fi¡:mc )~ illu>trate• how a d~la h.t<c 

sy•tem cim support >Ub>y,tcm n..,d, indcpc:ndcmly and 
currcntly. 

A compari><Jtl of thc data base cnvironmcnl wil h the 
tradilional appro,1ch [() ;yslems developmcnl ;¡nd • 
mainlcnancc revcah thc advanugcs of lile d.tta ba"" 
con.:ep!. ln th• lradnional appmach, a sy>tem is 
u<u~lly dcsi~ncd, progr~mmed, IC>Itd, and thcn 
·impkmcmcd u a tOtal enlily. hs advanta~cs cannol be 
realized by thc cnd u..:r unlilthe cntire •Y•lem is · 
compktcd. The omoon! oftime invch·cd nn cause 
frustrntion, >ince bu<ine•• rcquircmena cannol be kcpt 
frozcn long cnougl1 10 avoid ch~nges, del ay>, and fal•e 
stans. Also, when data or logic change> ore rc~uircd, 
considerable tc"in¡: may be nccessary 10 deternli.ic 
how the chango affects other programs or s;stems 
functions. 

O y comr~K thc data base approach allows a ~radual 
rransilion from cxi1tin¡: sy>tc.ñs 10 online. lf•llSlCtion­
driven systems. The data ba:.e i• crcated grJdually, 
with just a few tran•actioM im plcmcmcd al a time. 
Curre m d;ua base tcchniques facilitate thi• IJ pe nfd~ta 
base and sy,tcm 1mplcmcnlo1ion. With ¡:mdual 
implemen talion of tr ~nsaclion>, u ser depa rtmcnt 
si¡:noff can he nbtaincJ more eO>ily and thc u ser <"Jn' 
enjny lhe bcndits earlier. This approach aho htlps 
overcomc Lht problcm ofnot bcing ablc to fre<:lC 
busincs• r~quircmenl1 ~nd technolo~ical ad•·~ne<:s 
during lhe de\elopmcm e) de. Changos !hat must be 
maJe a long !he way impact indi,idualtran•a••tioll< or 
bc.·ome ncw Ita nsa el ·,ot~.~lh om•rl• cs. Ch.o nsing Jata 
nced• can be acconuno<latcd without affccting rro­
gnoms that do not uoc thaL spce~fic arca or >egment of 
lhc d.> la ba,c. Thu•. thc dJto base environment can be 
a bCllcr WO) to acrommodJIC change, drlivcr bcncf11S 
lo thc u5er, and control dt«lopment co.u. 

DiHribur"d lnformation Sptems 
Thc general purposc of d1<1 riboncd informauon S)"<Lems 
is lo prm iJc lhc u.cr with .1lcvel ofcompuling re- · 
sourcc h<•l '"""d tu hi• npcr.,tiond] requircmcnts. Tbc 
elemcnl> that can be <"onsiJcrcd for distrihution 
includc harJ" .110, pf<lgran> cxeculion, prot,ram 
developmonl, and d~la. lkgree of distribution can 
vary from ln~<•lly ccntrali1,Cd t(i talally d(Centraliud. 

· Thc information a"h'uecturc d~fmcd in thc psr study 
can providc a g<>nd foundation for the additional 
planning ~cc"C,;ory '" a<ldrc.s IJS di>trih~tion requirc­
ment>. 

lfthc infornwtion ar~hitec!ure follow-on rrojc..·t is 
In add ~imibnl•·d 1/~ pa l;o~ictcrs lo the ~rchitccturc, 
the P'"J<'CIIcam mu>t: · 
• 1 hnroughly undc"t•ud thc desrec of d<>tributi<•n of 

cn<"h dcmcm 
• Unde!'$tan<l the ar~mncnu for and again•t Ji<1 rihu-
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tion ofthe vnrious ekments 
• De able 10 pul iota persp.:ctivc allthe fae~or~ tllat 

aíToxt di<tribucion and lharing of data processin& 
resources , 

o Apprcciatc thc necd for along-range 1/S plan and 
for devclupment o( a fadlitie~ plan 10 suppon thc 1/S 
plan 
Severa! ofthe m1.Lriocs devdopcd in the BSP study 

can be very uscful in dcvclopiog thc architecturc 
utcnsions with respectto distribution. The pr~e"' 
and data flow analy>iuhould be e%tcndcd to include 
physicallocations for systems and data rcquin:menu.. 
l..ocaliÓn/organizalion,location/proccss and 
lqcation/dala matrice1 should lx: preparo:<~. A 
proccss/data matrix for cach location (or srollp of 
similar loCll!iOn >) should be pre pared w~h addlt ion'a! 
paramctcrs on the u es te indude data use, sccurity, 
auditability. data occurrcnce (all or panial), acti~ity 
~o!umc•, ic~ponsc requirc:d, aod criticalily, Fi¡urc 39 
1hows this I}"Jlt' of matrix for a manufacturin¡; plan\ 
lite. 

Thcsc additlons Lo Lhe architcctural dcscription of 
thc informalion systcm• can thcn be input to' thc 
individual subsy>tcm rcquircment studics Lb determine 
dctail d"uibutcd IY>Lcms rcquircmcnts. Thcy will also 
¡;,·e iLll 0\'cr•ll f ccl t or Lb e applicability of di.stributcd 
sy>tcms Lo thc information an:hitccturc. 

Dcvcloping the First Systcm 
Thc BSr Lea m has rccommcndcd Lhat a particular 
hi¡h-priority >}'Sic m he dcv<lo¡>c:d and implemcntcd 
fil>t. A~ dcvclopmcnL uf that sy>tcm begins, ca re 

. should be takcn that this systcm is not dcvdopcd "by 
itsdf." Thc BS~ study h:u lCL a ccrtain dir~tion for 
implcmcntalion of systems. Thi~ fir:st dc•dopment and 
implcmentation must suppon thc business proce>scs 
and must: 
l. fit prop~rly into and intcrfoce witb thc othcr . 

(futurc) systcm~ of thc ovcrall archnccturc dcscribcd 
io thc aiP Sludy 

2. Pro• id.: for propcr implcmcntation of thc appropri-
1\C daca basc(s) 
As describcd in che CSt.l Jeccion ofthis chapcer, thesc 

concurre ni pmjects mu¡t be carcfuUy managcd ¡tSioliiO 
'en~ure chaL they lcad toward an inccgrated wholc ralhcr 
thlin pcrpctuatc "scpnrati>l" or "standalonc" applica­
tions dcvclopmcnt. 

Systcm dc~dopmcm i• a complcx proceso. h 
requir.;-. ltt•hnÍ<::Il cxpef1i><:, ciTccti•c cocninunic:nions. 
and okillfu 1 handlin¡ of •·onllicting objcctivcs of uscrs, 
maMgcmcn<. and dala p<ottiling. 

T~dmit·ul Furtors 
Thcre Í> nu tloubtthal dcv;,loping infor,.ali<ln >y>Lems 
is nwrc mm pie~ toda y !han in thc past. Faccur>' Juch 

11 data security, data inlc¡rity, data communications, 
'rapid availability of lar¡c tmounts of datt, and backop 
iod .Ccovcry requiremcnts complicatc thc tuks that 
must be pcrformcd on a proj~t. Thcy ~!so add 10 
n=quircmcnts for skilled pcrsonnel to pcrform >U eh T 

tasb. 
In many arcas technical risks may be rcduccd by •. 

incorjl<lrating appropriatc hardware/sonwarc products, 
productivily techniquc,¡, and procedurcs. An in>est- · 
mo:nt of time in evaluatin¡ exWing product• and 
applying thcm to tbc rccommcnded systcm will rc:ap 
amplc rcwards in a beuer systcm implcmcnta_Lioo. 

Effurive Communicution . 
EITcctivc cummunication is indispensahlc Lo succeuful 
systcm d cvclopmcnt, wh ich cntaili the communic~lion , 
and transla~ion of mana¡cment and u ser business 
rcqui('Cments into achicvablc data proces>in¡ solutions. 

Only users can determine thc busineso ICquircmcDU 
ofthc 1yS1cm ta be dcvclopcd. Tbeir involvcmcm and 
continued participation are, thcrcforc:, csscnt ial. ' 

Dcvclopcrs sometimos try Lo sccond·guc.s thc nccds 
ofuscu and to crea te systems !hoy helicvc will do the 
job. More oncn than not, Lhis approach is un!;!Lisfdtto­
ry. Whik Lhe w:h~ica/ upects of such 1 J)Stem may be 
sound, thc •cal busi~us nccds oftbc orpni""tion m•y 
not be add1cssed or met. 

U¡ers and developcrs necd a mutual undcr5tandin¡ 
ofwhal ísto be dMc anda cammiLmcnt Lo thcir 
respective rcsponsibilities. Thc dcvclopment process, 
itsclf must cnsure communication and commitmcnt 
bctwecn Lhe two groups. 

Communications m ay be ¡rcat!y faci!i"tcd by thc 
use oflt~ndardi:zed documcmation t~hniques su eh 11 
HIPO, structured wa!k-throughs, and thc lile. Thcsc 
not only reduce misundcrscandin¡s but contribute Lo 
incre•scd producLi>ity, which in tu m should spccd up 
implcmentutiun of thc system Or application. Whcre 
appropriatc, su eh aids should be evaluated, adoptcd, 
and incorporated in thc de'IClopmcnt projcct. 

Pri~¡.itics and Conjliru 
Thc nccd lo sctpriorities for connictin¡ obj~tives;, 
crucial. Conflicts can makc cvcn simple situalions 
complcx and can cause many serious project difficul­
Lics. 

E~cn befare a projcct is undcr way, the ncw systcm 
must compete with thc demands of Lraincd penonnelto 
maintain old >ySiems. Application dcvelopmcnt 
rcsourcc. are in short supply, ~nd cxpcricnccd dcvclop- · 
mcnL skflls may be hard to fmd he<:ttusc cvcryhody has 
a backlog of applications wuiL in¡; to be de>dopcd. 

Thc projc•t manager, thcrcfurc, must be qualii'Led 
both in prt'ljcct maM¡;cment tet·hniqucs and in thc 
busifi<.'>.S arca to he supportcJ by thc !ir:st sy!Lem. 
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Ample edu~•tion. documen\atlon, and produetaue 
avaUable for both. A tlloroultll analy1i1 of auppon 
ahould be n>adc and 1 te,hniealluppon plan 1ho11ld be 
piiiiOICthcr to utili•c the cdueation, documen\atinn, 
&nd prod u el> wh e rever pos$iblc. Yau 1hould work 
wlth your 1 "M markctina ll:pruent&t!vc to dcvdop 
IUCh 1 plan. 

. . 

. . 

' 

Thc pfojcel manaacr and appropriate team me m· 
ben.ahould be thorou&hly preparcd in thcse art&l · 
before the atart of the projcet. Thisshould reaultln. 

: cfrcdivc projcc\ manaaemcnt, whieh in tnn will 
reduce riskland optimizc the buslnus value ofthc flnt 

, lmplemcntation. 

,, 
' 

73 



. 
. ,;.; .. 

p¡SENO OE BASES VE VATOS 

•.·'( 

APUNTES AVIC10NALES 

1 

• 

ING. DANIEL RIOS ZERTUC~E 

JUIOIO, 1984 



.. 

P
' 

~"
''

"'
 

o
l 

1-
q 

11
»!

!1
 

. 
1 

1 
1t

 
"
1

l 
~ 
~;
 

·~
 

o 
~
 
, 

o 
"'

-
i 

! 
¡ 
••

 
~ 

~.
 

-
. 

. -
<

 
~ 
~
 

S
'
~
 S

 
~ 

H
 

g. 
·~

 
o 

S 
~
 

<
' 

.. 
J 

~ 
¡¡

.,
-

... 
• 

""
~ 

:L
. 

j 
:<. 

\ 
~ 

..
 -,

t 
o 

~
 

l 
' 

·'
 

r 
7 

-~ 
• 

<
 

"'
 

t 

~ 
9 

" 
" 

~ 
¡,.

 
t 

. 
~
 
. 

z:
l 

t 
¡ 

" 
~ 

o 
r 

" 
g 

~
 

ct
 

• 
rt 

~
 

,. 
~
 
. ,.. 

í' 
~ -

¡: 
/ 
~
 

~ 
~
é
l
 

-
• 

>
 

.ft 
o 

.-
-

. 
' 

~ 
~' 

"'t
.. 

-'
0

 
G

 
,lt

 
p¡

 
. .

 
V

 
'j-

rJ
 

"
\ 

. ¡
 

' 
... 

,rt
 

~:'
< 

' 
fT

 
"' 

--
' -

.q
 

• 



'J)r;,spve.s ele./ 1As.u.vu Cov.crv¡oha/ 
!Je~pvQS otd Dmv.:M> 'D:zfcd(udo 

De>pii<Z" ele /IÁ. /w p/Ct t-?/b,!WJ~ 

\)<ZWves d• eu1.-rrv av. p>t!CÚ<ce;;,C, 

/?;,0; cle t1da de vw 5/d&-U?tA -

J) e4 JI ¡eM{ V) ofr¡; ( rob!~~MACA­

(sfud-W 0 /.c .Podlh,/;&acf 

{fJAet {ISI '> 

'J)sJt,Wo ole ( 5I r hwe-:­

/)rW-o cfe-&ducLo 

fwpc!MI~ 
)!au!-ew"' ,4-vt 7o 



ete/-0 PE VIPA DE WJ )JS)f;)JA )),; lJME 

12f )) )\\0"5. 

¡;; 5 e clrz A¡,.a fts ¡ \ 7 J); r tM-v 

1- Jy¡u(¡s ¡ s l f;;w~lo..eio 'v. ele fu(vn!JU/ pw4Js 

?.- íb·'"" l?oV>¡j¿f Tu u r 

3: _ 'j),
5
¡pvve de ft, ¡w¡!tJA.dcJw t.. 

'r- 1AwW> fisia 

hse de: 1~>'/kw~;. y tJ;:e¡e,c-4J".. c/etd !ftN ~ 
[Jdl»s 

j_ Z;>~¡JfÁ u&e;;t¿ ele ÚJ fim d'o j)¡l,s 

2 - Of~"' ¡.J/1wéó vw . 

5 - )JaJ; ~UJ~"' 1 )tÚ ¡;li.e<-iJ' 



1
() 

"--
e 

<
f 

~
 

;>
 

J 
•l': 

-td-. 
'-

. 
"'--A ~ 

4 
<2-# 

. 
. 

'' 
' 

. 
• 

'J
-.. ..... 

~
 

·' 
. 

""' p 
-"' 

o 
'"'-IH

 
~
 

p 

...{ 
\.u 

e V
' 

V
' 

fJ 
3 

4 

¿¡ 
• 

-'1 
{¡ 

i8 
• 

• 
" 

~l 
.. 

.¡¡ 
. -~ 

~ 
~
j
 

t
~
 

K
 ! 

_r¿
 

g . 
• 

:r~ 
" 

• • 
·1 ~ 

•
J
 

. 
ll • 

. ' 
.¡;J 

·-
"' g 

, 
j 

-
'{

;J
. 

e;d
 

":>....:' 
-

J 
~
~
 

-
J l 

3 
~ 

"-
' 

_
;
~
~
 

4 ; 
·~-$ 

·r~ 
>

iJ' 
.,3

 
-

-
""'" 

" 
6 

"' 
-

o 
<

1
' 

.... "' 
<P

 
¡;;J 

. "' "' 
a 

<
!' 

~
 

A
 

... D
-

. Q
.> 



F[ 
• 
i 

+Re~ h1c eto"'~S 

+ fCt.<jla.oo, (X'~ !Ut¡"'MtV t6s k>riflce10i,qs 
' 

¿- f-er/11-~ pa.c- ft«hw "'lo, dato-:, wcvud-c 
.fr¡{(o,_,. <':V euwpiV fr¡¡ vPr/tT5 d<2 Ú>"OiftPU<'<á 

f ;WpoliW;_, ('h&I!Mft de fas Vesfrto.UÓVI~< 

@'O).J5 1 S Té ).JI!.-/ A 

+)A elot!o' ~ <v<.<od1 /1Utv f.1lvs. 
· -+ ..¡. !JU¡JOM PJI IIIM'fll dL ''5J'<M< etlf/t>¡ /P wod¡f,M y 

~ f IIU/"'Uty llf,li .. tlf~¡/r; tl'>f'4o.. c..Í(,¡s cl~etS llrWniJ¡ 

.,e( 1 "'" 

¡- + él d-o""i"io c/t: '"1/vevc.'a e/•IÁ ""'<><{,·~.,.,.,._.~ 
, ~ (/ o(ffo"f~J.<o f""" (,.. """"""'·f,~c<,<. el., /.u., 'Q¡r.,, 

+ )/vVtA<2Mi ele UIVc<v,;,¡ le 1 ... /j¿se cfp [1"t,s ""'e) 

'"'rav~r, 1•• sa lfo""- 0\CtJhol" cv..o&..·j,:O;M~ 



1-

¡... l"c!e,A1/1weu;., dt. !o.t 0'1at.w-tue....olt\<n. C!¡.ur 

cttstU.u ,~VI lo 'i /(/VI euJ¡.., a1 Opp1(;1C<.()VId 1~? 

l· Sofie..-&,._v "' i!Lick-. ""'-"'C<.l'{¡'oclo /e, 5'7"'wf, ¡,j,,iua<4. 

f}.sto, el< (,, fP'S"""" e:v 'v ct,.., tf't '"'r""'b¡/¡¡¡,¡ 

/&~.A &olA ,8 o~~~M~ tl'lseut¡u,,.,c;dus fW f>"'"s4 

ot¡.fivo 'f"' =M• ~WdP- /'V" 1;, 

ft'a.ufUJ~:, 
~1VI!J/ 

. ' ep (!AC.e..A..., 

er-rf,,_,~fe a d.W> f"'':/Jucn &-. BódA ,ov'lto 
of'.cte0-<od . 

S":"· hiA fv r Íl' do.. e:.. o.. lo r A n eCo•• Q r- 5" Q/1/ l!.v (€,( o. ' 
6. k<>~&..<>~~' d• Pla~~ f t'av.fcoJ. 



ObjdlVos: 

ticlwfi~Uiv &Jc(& /utAe<;é'-v, t;-e.acm.,J 
t Peuh/,ea.v 5V~ ckl tos, 
f- ícl.wMtC<H las ter¡la~ i~«'¡>l!edC?! / ''l")t.fcts 

o!, t'<>""'-0 ¡-~~ e.o.c.to 4~~ ~"""-

1-e f'Z,a.. lwwwe-?. =- dtana 1 $uatua/tWeusva~ 
. . 1iiJHtrfr../ ¿-"-""al. 

r;J.e- "'el eufv•v,¡7o.tlu de(e.thtv. 

/vvte.AA?M fl. s o {a ve cr5 • 

/)awwwfiL tal/M cÚd'J><!IMC< dq fí'¿o ·· 
(!lee<Qwf> ff'i.tci¡>ét les 

ifét-~oiD•H 1 

/11 fi'V lo. f/J.S 

(!h/lt't el tf!toJJ!U«"'- e/>fA.O "" ""' au.1 i""-'> f'>!A. 
teo.f, u. wt....~Wov. . 



. ·sqk-t s,y <Yl'""'r""'~l' 
-v¡.ar ...,..,_, eh¡;¡ J,P "'»m</,"1(/ »pm ,., --. .r;-ro ¿) 

. . . ....., "" 11l}" .,~ 
MG ¡ •..,. ofw¡:¡ >p "'"""""""P p v'Y,i/ "1'~""~ p "'V 

'7"' Jm rr.np ''? ~ ~ o ¡o '?? .., m?j..l 'o/' ""' _,, ·m y ;¡ .J 

'f'!{J~'"'IJ"' .)~ n¡>q op<'m» ;¡(J · l~r.J-iii'M /~ j PÑ¡j 
>p ""' >Xbn;p ¡o "-"~ ",_l>;>ilo/"-' o/ 1UJ/11A7.p¿J ;¡.f 

-. s~¡orn~c¡-'11 ~~t;H'IAJfM 

'í.(MI~~.fi; 

JCY).JM 1-+1 n-;I7J' 

' 

1 "''"'"dPfJ 
Sl71'11~"'P so¡ ~'!<Wn 2M "<IW7 -¡{ . '/ r¡ 



• 

éP'Tn.FVI~'i.'. · ~ ¡V/VEL 'e-; ,:.M.fD!IJ') 

f•fn/¡,_" e<AfYO ft<< OHIOS QJ'.,.,.,Ial 
~~~~~r; '11/l. ~oLHmta., la-; opo~1-1as c;:l.av¡as 

Jí¡.~~~ YV%VPvldh f'rt.~ C\o.AQ~~ y et>~-<~f 

. w "'' ..... ¡o..;;... 
r/u!.c~ po~eid~t~ M etJwkitJ'> f1t1~0áJeo&o, e:v (CI, 
GIVf'M ~~a/~ . 

' 

m;¡aud!t Íos f?(eutt.Kéu~ do. C.. fío-../1/-ltn Y""''llfic 5 
wrv,f ~ vnltAA"-uwtt'a 1 

dt? /f¡.t,~{.., 

Iefwf,/,f(ve kr hmv..' 'P'"'='""l"J 
~VW-: CIJ..1c.< v!Atctdc/ C/l.de.tt. J.t> .f..at:,Q¡o 

t}.Mf1sfc.. cfl( WO- WtiAVACib c/P fU JOS 

¡1 .,1¡1~-. Úo~ Vl-fo. 4t,ofc, ~01.-<Cil-o. 

~r &, ra! oS G1(!Q..W o <lfCitA /o} "••·"S ~Me'> 
¿,u,, 

i3bw !"""- ,0¡ ewi,-Mtti> v•,Pd1cfas 



t" o~'5'"" <M lt!nrf,f,corfw ab. fave&-

+ drtlWA lec ft. >'f.<A- o f.,e~'~ de w. VPWo-ol.jdu 

-¡- ~''~!f«e los h.-c.s ~ ope><'u.voles de eow/n;f 
oP~W-~ 

¡:~f, ~ 1 r¡.-"l /or f'uld!eu s t:fe;affl/m ot"'"val• 1 y 
fV/v ¡,{1) 



<Y.>"'¡) """"'1' 
~ ~.,"''f"J3 -

------------, 

,,..,.,¡,4,'5. -. --. '"'l"'l 'l' ""'U "1', 
·---·· }-o~c.J:¡ -ay orJn~G 

\ :__r-> "')'"''"' ... "~ • 

~ ~n.d Q)d ~IJ 

~Jip 'Q'or:J C.iY)Wll t\111}"7J~1 

tYtn a 
/'..,J 'R""'o,¡··· -

~~~h·,)--

~ r---'---'--r ___, ~.s 1 "'lf 1 
Jf S~¡¡qif 

~>"OI"Yc'f ili <U? 

~~ J ~ l'1trn~I~J 

~"""'"'~ .!1'Zlf' 

SI1A~rh1f~·btAtJ 

srrpa 1"1' · · 
~¡nu¡muiJptf/ oSA Á Yr11MIIJ"4-

...,m.M;:s.J ;p "'P'mr';"f)n;· 
¡-

---l 

.. ,., '11Y>"Jnl .,1 o 
~":}/hit MM ¡nJ,!M 

';f!"'Y'"/J} ~ (}M~ 

_j 



" -

V 
~1\.b!.b 

·1'1""'~ 
" --

a('i p, ,-., 
-':-~ "'•"np"! 

" -

~"~ CY:>,IJ !J CT'rnlHQ 
----" 

" 

'l "" ---. --------
---

....,m.,...,tu J'P ~~n]DV 
----" "" 

----

--

1 -- ~& 1(1 J>OWI ... ~ 
~0/1 p 1 ~'»J07J;,, " ~~1t}U'Y'5 

toJ llp~W(J l p 0"'7fl S 1(1 
---" 

-[ ---"-
r -" " ··--

-
>1\'~0 1"' Crilt"~-6~1.1 ..,~,¡)!~ "" -

/ IP ,..,,.., 1 ~~ o-:o-:n 1)) "IJIA qJ 

" • 

" 

~"Of!)Ofl'l~.( "'~fY.r./111/f~P ~ )"'?()Oj 

':fv"r..~ ~"'r' 1p 'Q.\IIpt.~J..j.U 
-

i: 
--.... -

-" -V 
"" 

l ---



[),.,..._..l'.w., d• ¡;_ f.ri;:dv-:; /ofl';;,_ da t.,._ -- .Jc ; 1 

g,,. J,_o.tc.__~ ---- -~ ------ ~1 

Pc~~Ds.a. . ... ~J;f,,;;~ f"s'eul_ ~-=--=-------=~~~---~- . --~-! 
~ ' 

f------_, tgA;. -= J~-"úA.:1 _ -~~---~~:- i 
---- ------------------------·¡ 

(lpht!Mr....i:l'-.·').• .. ------ ---.-~----- ____ .. ___________ .. : 
'r~~d.l._b.fÍ'>.-~l.l~f., N _____________ ·····-···-•·· __ 

- ------ ---------------------· --------------, 
A~erroCr"'Vv~<t~d Jt. .JffiAMr' __ ____ ------ __ ¡ 

' ' -- -- --. . ..... 

---------·· 
' 

_-_;¡¡,..¡;..;;:, Ü.J·;,;-"f"'M~ ~ . -·- .. ·-.- ·.. ~-.::::- ~:! 

__ r _•_f.'eM.LMui:A eit-~,pcu~ eh & ~eu~ . __ ... u j 

J.!o}~"'wfr -¡;,;_.,¡.,,r, · ~-~- · -- ·--
. ----·· ··- )1 

____ TI<'Vot_. = ? M<A,1 'ffesru1 
4•1 

fb!nHuul< thutf",t' i""'""'tt&,/ de i>eu'J"P .. . .. 
# ~ 1 

-~- -------· ¿ . -· .. ---. 
----------~ Tf(i/C'J- , L L RA ,1 ,-ff('íJiE • r¡_ ... 

.Á~I ist · 

/S¡x<cM> &ec A/ V>ACAOfU<'-' ""' •~ t, y i. -¡' 

------------ ,)1 - .. ···--- -----

--~-=--D5TOR.. = G Rfem<,KNUeJ---
. ~ :.f 

-~-~------

--- -- -- ---- -

A / /;«tJ.. tHJ.A.Ao.LAA '~ 6v ~ A¡md:~~ s 
.V ... 

, _ -~-~-{:ri<SfO"- = ¿'J1fEe 1 xP5<,1/PT~¡ 
r-- 1 ~~ 

_____ pt; : t;~U-..l cll' 1 ~.,fuduv u. J;.)',Ps-
A/PTI!.¡'" 4*1......,... ~.-.M~ olt- '"9'PHfab'r a(l4lr.<Ctuab ~ 

__________ ¡.<'/¡rfi"'P1ijo -/ --·· ... ·-···----··. ----·- .... 



1. 1 ARCHIVOS 

l. l. 1 

Archivo 

Un archivo se .define como una colecclbn de registros alml 

lares contenidos en los dispositivos de almacenamiento se-

cundario de la computadora. 

Registro 

Una colección de campos relacionados conteniendo objetas-

dato elementales. 

Objeto dato 

TÍpicamente es representado po.r un valor el cual es parte __ .. 
de la descripción de un objeta o un eset i•s. 

Grande. Implica una cantidad mayor de la que una persa-

na pueda manejar por si misma aún con la ayuda 

de la computadora.. Actualmente la cantldad pu_! 

de variar dependiendo de la complejidad de la -

Aplicación. 

Muy grande. Una definición formal puede ser una base de da-

toa tan grande que el tLempo necesario para ha-

cer una copla eS mayor que el Intervalo entre -
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1. 1. 2 

1, 1. 3 

1.2 

l. 2. 1 

las transacciones necesarias para mantener la B! 

se de Datos actualizada. 

Organización de Archivos 

Entrada-Salida 

. Computaciones en la Base de Datos 

' Siguiendo J.a termlnologla de Talchritzls 

El termino computación se usa para denotar una aecci6n de. 

una apllcacl6n la cual manipula la Base de Datos. La mayo­

da de las computaciones las· Cuales son usadas para manlpl!_ 

lar una colecc16n ele datos son conceptualmente simples. 

Reconocemos cuatro clases ele computaciones relacionadas -

con las Bases de Datos. 

l. La Construcción de la Colecci6n de Datos 

2. La Actualización ele lCJ3 !iementos da.tz, en una colección 

de datos. 

3. La Recuperación ele Datos de una colección de Datos. 

4. La Reelucci6n de gran cantidad ele Datos a una forma. 

usable. 

Procesos 

El Sistema Operativo el cual organiza,..¡ ltLerup¡g pal'!l la-



• 

ejecución de la computación solicitada por el usuario pue . . -
de descomponer la computacl6n en 'Un número de procesos 

distintos. . .,r 
vi . 

Ea la unidad computaclona!V'que 'maneja el slste Proceso. 

ma operativo. 

l. 2. 2 Secciones de Proceaos 

Un proceso puede ser Clescompuesto en un n6mero de sec 

clones. 

• Sección. Una secci6n es u~ colección de p811D.!I de un .. p~ 

grama durante los cuales el sistema operativo no se tiene 

que preocupar acerca de el proceso. 

" . 
Una sección del proceso la cual presenta 'deracciones pote!! 

ciales es conocida como una sección crltlca. 

l. 3 Una visión Jeri.rquica de los Datos 

Conceptos 
Información 

Hechos y Descrlpcl6n 
Datos Estructurados 

Representaciones de Datos 
Bits y Bytes Estructurados 

Hardware de Almacenamiento bits y bytes 

Sujeto de 
Estudio 



r.4 

l. 4. 1 

1 4. 2 

1.5 

• 

Practica Actual 

Un programa de archivos 

Control del Sistema Operativo 

Descripciones 

En orden para permitir la .lrnplantac~n y uso de un ale· 

tema por un número de. personas alguna documentación de -
be existir para describir tanto el aspac~o estáticO, la ea_ 

tructura de la Base de Datoe como el aepecto procedural, 

lae computaclanee lae cuales llevan a cabo las transforma 

clones de Datas. 

Una fotografla. de los datos en terminas de archlvoe, re· 

gistros, canipos y ls relación entre loe elementos dato con 

· tenidos en estos elementos es apropiado para el aspecto es 

tátlco. 

La descripción procedural puede ser dada como una f6rmu 

la, una descripción de secciones de programa a ser ejecu· 

tadas, o un diagrama de flujo. Debido a loa problemas de 

comunicación que se presentan en.loa equipos de progralll!. 

clón y que a la fecha no hay .métodos formales para ver!-

flcar completamente la corrección para procesos de lnte· 
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raccl6n. Nosotros por tanto preferimos descripciones d!:_ 

talladas de los datos estÁticos para el de11arroUo de Baaes 

de Datos, 

Descripciones Estáticas contra Descripciones Procedurales 

Loa aspectos procedurales y estáticos frecuentemente ocu-

rren juntos cuando descdblmoa archivas. Para muchoa -

problemas senc:ntos de procesamiento de Datos, sin embar 

go no es necesario ninguna descripción de proceso. En 

aquelloa casos en que el proceso de computación es descrl 

to Indirectamente proveyendo dos fotograf[as del archivo, ea 
• 

pecificando la forma y contenido ante_s y después de la comp~ 

tación. Este método también es apUcable a el movimiento de 

datos entre dos archivos o bases de datos separadas, El P.~ 

gramador usa las Tablas de antes y después para escribir el 

código. Prescindir de la Codl!Lcacl6n por completo en la ~ 

tensión de los gerieradores de reportes, los cuales aceptan ¡Q 

deflniclón de los archivos de entrada y la descripción de los 

reportes de saUda. 

En otros casos uno puede encontrar que la organización de los 

datos esta lmpHcitamente definida por uil listado de los pasos 

de el proceso que pone los datos en la Base de Datos. Mucho 



análisis es necesario cuando nuevos programas desean acce 

sar los datos que solo han sido de!lnidos proceduralmente. 

Las dos elecciones accesibles están lmpllcltas en la e~iste!! 

cia de dos terminas para La descrlpci6n de las estn~cturas de 

almacenamiento: organl:zaci6n de archivos frente a métodos 

de acceso·. 

Elementos dato especiales, descl-Ltos y mantenidos en la B~ 

• se de Datos pueden ser usados para controlar la dinámica del 

programa. Un elemento dato ~e una Base de Datos puede e! 

tablecer que un archivo particular. han sido corilpletamente' 

actualizado por una computacl6n. Tal lnforrnacl6n puede ser 

• 
usada para garantizar la correcta secuencia de ejecucl6n de 

• programas que comparten datos, Los elementos datos man-

tenidos en cada registro pueden especificar que ciertos regi! 

tras aún no han sido actualizados, posiblemente por la falta 

de datos de entrada, tal como las horas trabajadas por algu-

nos empleados. 

Tales computaciones pueden ser programadas para decidir no 

proseguir en tal caso: otros procesos no deben ser Impedidos 

a menos que ellos requieran uno de los 'registros que no se -. 

han actualizado, Nos referimos a los datos que no se han m~ 



tldo a _la Base de Datos pero que describen el estado de 

la Base de Datos para el control de las computaciones co 

mo datos de control. 

Vemos que hay una relacL6n entre la calidad o lo completa 

de nuestra descripc16n de los datos y nuestra habilidad para 

especificar las seccio(oleS de el programa los cuales se com 

binan para form':'r computaclones de proct:!so de datos. 

1.6 Ligado 

Tiempo de Ligado 

l. 7 ClasificacL6n de Sistemas Operativos 

Los sistemas operativos proveen una gran variedad de seE_ 

vicios los cuales los principales pueden clasl!icarae como: 

Secuenciamiento de Procesos 

Soporte del Sistema de Archivos 

Soporte de Entrada~Salida 

Medición de Uso 

• 

k Sistemas de archivos inCluyen programas para mantener di 

rectorlos de archivos y garantizar su seguridad a largo 

plazo y programas invocadoS por el usuario para accesar, 



• 

esto es, leer y escriblr los archivos durante _las tareas 

computacionales. 

l, 7.1 Procesamiento Batch 

l. 7, 2 Multiprogram.a.ci6n 

1. 7. 3 -Procesamiento de Transacciones 

El enfoque más Importante de Sistema OperatLvo para Ba- , . 

se de Datos InteractlvQB es 'llamado procesamiento de tran 

sacciones. ESte inétodo asume que las computaciones son 

naturalmente pequenas en terminas de espacio y tiempo. 

El Software del sistema de Base' de Datos se asume esta 

siempre accesible, de manera que las computaciones de 

los usuarios consisten principalmente de llamadas a la Ba 

se de Datos para lectura y esc~i~ura, y una cantidad llml 

tada de computaci6n 16glca y riumérica. Tal computacl6n 

es llamada una transacción. "Las transacciones son iniCia 

das tan rápido como es posible despué~ que el usuario la 

solicita y se les permite correr tanto como sea necesario 

para cumplir los requerimientos computacionales. 

Una tra!lBaccl6n es también formalmente definida como una 

computación la cual, después de completarse, deja la Base 



1.8 

Ci! 
de Datos en un estado bien deflnido, o al menos en un es 

tado no peor q~e antes. Una falla durante la trana.acci6n 

requiere que la Base de DatOs sea restaurada ·a s'u eatado 

ori¡lnal. SI únicamente transaccLones bien co~portadas 

operan en la Basl! de Datos, la Integridad de la Base de •' 

Datos slempre·ee mantenida. 

En un medio a.mbiente orientado a transacciones general· 

mente se ejerce un control cercano sobre las computaclo . . -
nes para prevenir que una computa:CL6n defectuosa atore 

todo el sistema. 

ApllcacLonee 

1.9 Reviel6n 

,. 

' 
1 

1 

' ' 

. 1 



• 

Organlzaclón de ,un Sistema de Archivos Básico 

3. O Introducción 

Las caracterlstlcas b&aicas deseadas de slstemas q_ue alma 

cenan grandes cantidades· de datos son: 

+ Acceso rápido para recuperación 

+ Actu.allzaci6n 

+ Economta. Ce almscena~iento 

Criterlos Secundarlos importantes son: 

+ Capacidad para representar estructuras de Informa 

ción del mundo real.· 

+ Confi.abilidad 

t Protección de privacldad 

+ Mantenimiento de integ:Ldad 

El Disello de Bases de Datos requiere análisis para la pr!_ 

dicción del desempel\0 y esto requiere que la organl%.ación 

de los archivos liea 'facllmente abstra(da. Todos estos cri­

terios tienden a ser con!Hctivoa enii-e al. La eleccl6n del 

método de organización de archivos determina la relativa 



[iJJ 
conveniencia <ie un sistema de acuerdo con todos estos crite 

rios. 

El número de alternativas posibles en la organización de a~ 

chivos es practicamente ilimitado. En orden de haOer el pr~ 

ceso de selección ma11ejable, describiremos y mediremos -

seis alternativas bé.sicas de disen.o de archivos. La mayor[a 

de las estructuras usadas en la practica ya sea o caen en· 

una de estas categorías o puede reducirse a una combinación 

de estos métodos. Los mHodos seleccionados son también -

razonables en terminas de los criterios secundarios. 

Los seis tipos b!sicos son: 

' Pila. 

Secuencial 

Secuencial Indexado 

Indexado 

Directo 

Multianillo 

·" 
Expandiremos la definición previa de archivo a incluir que no 

solo es un conjunto consistente en registros similares sino 
' 

también tiene una organizaci6n consistente. 

" 

. ,, 

, 

1 

l 

1 

1 

! 

. ' • 
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1, Orden 

• 
Número de Orden 
Clave de Vendedor 
Nombre del Vendedor 
No, de CUente 
Nombre. del CUente 
Fecha Orden 
Clave del que toma la Orden 
Cantidad Ordenada 
Número de Referencia 
Deacrip¡:i6n del Producto 

2, Catilo¡o de Producto~> 

Número de Referencia 
Deacripcl6n del Producto 

3, Llamada a Bodega · 

Número de Referencia 
Cantidad Ordenada 
Hay Exi¡¡tencia 
Fecha esperada por el Embarque 
Precio Unitario 

4, Llamada a vendedor 

Prod. que no hay Exi~>teneia 
Núm. de Ref, del Prod, Alternativo 
Deacripci6n del Prod, Alternativo 

5. Kardex del Cliente 

No. de Cliente 
Nombre del Cliente 
Clave del Vendedor 

6. Orden de Precio 

Número de Orden 
Fecha 
Cantidad Ordenada 
Número de Referencia 
Precio Unitario 
Fecha de Embarque 



1 2 J 4 ' 6 

1 . N6mero de Orden X X 
2. Clave del Vendedor X X 
J. Nombre del vendedor X 
4 . No. de Cliente X X 
5. Nombre del Cliente X X 
6 • Fecha Orden X X 
7. Clave del que tomar Orden X 
B. Cantidad Ordenada X X X 
9. Número de Refe.t'encia X X X X X 

1 o. oescripci6n del Prod. X X 
11 . Hay Existencia X 
12 . Fecha para Embarque X X 
13. Precio Unitario X X 
14. Prod. Alternativo X 
1 ' . Oescr.Prod, Alternativo X 
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Directorio de Alumnoo del curso: DlSEAO DE BASES DE DATOS 

Del 14 " de Mayo 

. l 9 8 4 ••••••••••••••••••c•c••••••••••••••••••••••••••••••••••••••••••••••••••••••' 

l. H~ctor Alvarez Camacho 
General.Electric de Máxico, S.A. de c.v. 
Vta Morelos 351 Km.l7.5 Carr.a Laredo Av.Tamaulipas 190-302 
Cerro Gordo,Edo. de Máxico 55500 Condesa 
569 00 16 Cuauhtémoc 

Antonio Aranda 
PEMEX 
MArina Nal, 436 
V.Anzures 
MAxico, D.F. 

Pastor 

3. Jorge o. Arce Har!n 
C. F, E. 
M, Alemán 91 
Chilpancingo, Gro. 
2 21 36 

4, Francisco Barrera Zárate 
Fac. de Est. Sup. Cuautitlán 
Rancho Alr:~araz 

Cuautitlán Izcalli 
Edo.de Ml'ixico 

S. Clara S.Bermudez Ruiz 
Shakespearc 192-8 
Anzures 
M.llgo. 
11590 México, D.F. 
545 50 lO 

6. Rodolfo Bibiano Nava 
PBMEX 
Marina Nal. 239 
M<!!xico, D.F. 
254 20 44 

7. Gilles aoud'hors Leautaud 
Papmas 805-2-9-1 
Lomas 
M.Hgo. 
11000 México, D.F. 
540 36 66 

8. Ignacio Carbajal Carbajal 
IMP 
Eje Lázaro Cárdenas 152 
G.A.t-íadero 
07730 ~!óxico, D.F. 
567 66 00 

M6xico, D.F. 
515 02 l3 

sánchez Azcona 1651-801 
Valle 
B.Juárez 
03100 ~léxico, 
688 68 48 

D. F. 

Rancho del Arco 76-103 
Los Girasoles 
Coyoacán 
04920 México, D.F. 
581 60 75 

Av. Chapultepec 513-9 
Juárez 
Cuauhtémoc 
06600 México, D.F. 
553 82 91 

Hidalgo 39 Edif, B 405 
Atzcapotzalco 
02000 México, D.F. 
352 38 35 

Fernando Ram!rez 53 
Obrera 
Cuauhtémoc 
06800 México,D.F. 
57B 52 45 



' 
9. Dimas centre ras Figueroa 

PEMEX 
Marina Na l. 329 
Anzures 
cuauhtémoc 
México, D.F. 
254 38 14 

lO. Joaquín Cortés Rotnero 
DECFI 
Tacub11 5 
Centro 
06000 México, O. F, 
521 40 20 

ll, Carlos A, D!az Ramtrez 
Casa de Bolsa Buraamex 
I. la católica 43-801 
Centro 
Cu11uht6moc 
06000 México, D.F. 
518 54 20 

J. 2. Jorge Ehrlich Horin 
C!a. de Luz y Fza, del Ccntro,S.A. 
~l.Ocampo 171-610 
México 11310 , D.F. 
566 09 21 

13. Gustavo A. Erosa Figucro~ 
TELEVISA, S.A. 
Av.Chapultcpec 19-1° Piso 
México, D.F. 
588 48 14 

14. Alberto Espinosa Gonz~lez 
El Colegio de México 
Camino al Ajusco 20 
Pedregal de Sta. Teresa 
M agdalena Centraras 
01000 México, D.F. 
568 60 33 Ext.l92 

15. Jorge I EvanAvila 
UNA!1 
~·ac. de Ing. 
UNAM 

16. Victor J. Flores Mastache 
Teléfonos de México, S.A. 
Parque VJ:a No. 190 Ofi. 950 
Cuauhtémoc 
México , D.F. 
222 52 09 

17 ... ustavo Garza Salazar 
PEMEX 
~!arina Nal. 329 10° Piso Torre 
México, D.F. 
254 38 14 

Edif. 70 Ent. 
U .Cui tl<ihuac 
Cosmopolita 
Azcapotzalco 
254 " 14 

Ruiseñor 16 
Bella Vista 
A.Obreg6n 
México, D.F. 

Collhuila 92 D 
Roma Sur 
México, D.F. 
564 61 02 

• Dapto.JQ2 

Fdo. Conz~lez Roa 41 
Satélite 
Naucalpan, Edo. de Néx. 

Av.Ccracruz 113-203 
Condesa 
México, D.F. 
286 56 07 

Retorno 3 Legión del N te. 1·1 2G Lote 2 
4ta.Secc. U.Ejército de Otc. 
Ixtapalapa 
l~éxico, D.F. 

Carrt. México-Xoxh. 161 B-33 
La Piedad 
Tlalp~n 
México, D.F. 
655 66 76 

Ote. 87 No.2506 
Col. r:. Zapata 
G.A.Madero 
07850 México, D.F. 
537 76 so 

Manuel Gamio 342 
Iztapalapa 
09460 !léxico, D.F. 
674 29 13 



.. 
lS.Carlos R. Gil Levy 

pROCESBAC 
Mérida 318 
Hartinica 
León, Gto. 
37500 México 

l9.Martha E.Gómcz !'!alagón 
El Colegio do México 
Camino al lljusco 20 
Pedregal do Sta. Teresa 
Magdalena Contreras 
01000 México, D.F. 
568 60 33 Ext. 396 

20.Francisco Góngora Flores 
General Elccric de México, S.A. de C.V. 
Vía Mor-elos 351 
Estado de México 
569 00 16 

2l.J.lloc Gonz<Uaz Gómez 
Casa de Bolsa !1adero, S.A. 
ne~orma 90 2o Piso 
México, D.F. 
sn 20 10 

J .B. lo Salle 211 
Panorama 
León, Gto. 
37160 
70054 

hv. el C.1ntaro 11 A 102 
Villa Coapa 
Xochimilco 
14 390 México, D.F. 
59~ ,. os 

Alsines No. 6H 1\anz ll2 
Villa de las Flores 
Coacalco, Edo. de N6xico 
915 87413355 

Vicente García Torres 75-13 
Barrio la Concepción 
Coyoac.1n 
04020 ~léxico, D.F. 

22.Jesés G. Gonz.1lez Urrca 
General E1cctric de M6xico, 
Av. Viu Morelos 351 

S.A. de C.V. 

Cerro Gordo 
Estado de H6xico 
569 00 16 

23.0ctavio Garriño Montijo 
HIP 
Eje Central L~zaro C~rdcnas 152 
G.li.Madero 
567 66 00 

24. Antonio Hern~ndez Navarro 
Facultad de Ingenierfa 
LTt-:i\M 

2S.Jos6 L. Lcrnus L6pez 
SEDUE 
Reforln<l 77-10° Piso 
Tnbacalera 
~~~xico, D.F. 
546 03 30 

26.Robcrto L6pcz Fix 
TELEVISA,S.A. 
Arcos de Be H'in 
cuauhtémoc No 
~¡éxico, D.F. 

No. 58-4° 
06720 

Piso 

Ci6nega 24 
Fracc. Lomas de Capistrano 
Atizap~n de zaragozu 
Edo. de M6xico 
398 31 66 

José M. Bustillos 67 Int.201 
Algarfn 
Cua uh tllmoc 
06880 México. D.F. 

Puebla No. 379-5 
Romu Sur 
Cuauhtémoc 
06760 :·llixico, D.F. 

Plúmbago 79-1 
Recreo 
Atzcapotzalco 02007 
Ni!xico 561 96 61 

Lacandones ~lz. 2 Lote l 
!'1 a leal ig i<l , Tl<~ l :>:In 
Néxico, D.r. 



21. oan1el Martlnez v111asenor 
naneo de México 
Plaza Degollado 10-7° Piso 
Centro 
M6xico,DF 
585 13 44 Ext. 31 

28. Julio H. Milla Mart!nez 
Comisión de Fomento Minero 
Puente Tecamachalco 36 
Lomas de Chapultcpec 
M6xico,O.F. 
540 34 00 

29. Blanca M. Monroy Escamillu 
COMERMEX 
Lorenzo Boturini 203 
Col. Trlinsito 
M6xico, D.F. 
7612011 Ext.679 

30. Adolfo Pérez Buitrón 
G.Atrio de S.Fco. 53-25 
Coyoac:in 
04320 México,D.F. 
658 49 74 

31. Ma. Luisa P6rcz Valdespino 
El Colegio de M6xico 
Camino al Ajusco 20 
Pedregal de Sta. Teresa 
Magadalcna Cont. 
01000 M6xico,D.F. 
568 60 33 Ext.396 

32. Enrique Primo Mandujano 
Coquimbo 7 9 2 
Lindavista 
G.A.Madero 
H6xico,D.F. 
586 86 29 

33. Gustavo Quintero A. 

34. Miguel A. Quintero Avalas 
UN< 

35. Mario G. Ordaz Schroeder 
ISSSTE 
Subdir. de Registro y Vigencia de 
Derechos 
Plaza de la República 6 
M6xico,O.P. 
566 81 49 

36. Leobardo Ram!rez Flores 
TELEVISA, S.A. 
hv.Chapultepec 18 
Doctores 
fl~7JO M~xico.D.F. 

Pegaso 139 
Prado Churubusco 
Coyoaclln 
México, D.F. 
582 08 01 

Carbajal 7 C Depto.9 
More los 
Cuauht6moc 
06200 M6xico,D.F. 
526 16 38 

Miguel Negretel05 
2da. Col. del Periodista 
B.Ju."irez 
03620 ~tOxico, D.F. 
532 06 7l 

Al tamirano 72-17 
San Rufaol 
Cuauhtémoc 
06470 México,D.F. 
546 92 64 

Carpio 129-3 
Sta.Ha. la Ribera 
México 06400 , D.F. 

547 69 35 

Playa Icacos 131 204 A 
Col.Hartc 
Iztacalco 
08880 M6xico,O.F. 
590 lO 01 

Av.Sur 4 1\ 288 
Oriental 
Mdxico 08500 D.F. 



37. Pedro Ram!rez Lozano 
TELEVISA, S.A. 
Arcos de aelem No. 58-4~ Piso 
Doctores 
06720 N6xico, D.F. 
7 61 78 04 

38, Raymundo B. Rangel Gutiérrez 
Facultad de Ingenier!a 
Profesor T.C. 
UNAM 

"· 

B1vd. Pto. Acreo No, 465-202 
Moctezuma 2da. Secci6n V.Carranza 
México, D.F. 
784 33 30 

Calz. ~éx.-xochimilco 161 
Edif.B depto. 34 
Col. la Piedad I!uipulco 
Tlalpán 
Héxico, D.F. 

Agustín Raya Zarco 
General E1ectric de !46x., 
l<m. 17.5 Cllrr. Laredo 
Edo. de M6xico 

S.A. de S.R.L. 

55500 /16xico 
569 00 16 

56. Lucio Reyes Barranca 
HlP 
Av.L4zaro C4rdenas 152 
G.A.Ha()cro 
07730 M6xico, D.F. 
567 66 00 Ext. 20414 

51. José Reyes Andrade 
FEMEX 
ltarina Nal. 329 
México, D.F. 
254 38 14 

58. Gerardo Reyes Retana Dahl 
Secretaria de Desarrollo Urbano 
Constituyentes 947 
Flores de Belén 
A.Obreg6n 
M6xico, D.F. 
516 Jl 88 

59, Guillermo R!os Coman 
Misi6n de Sto. Domingo 9 
Fracc. Misiones 
Naucalpan, Edo. de Méx. 
53140 

50. 

562 03 12 

Clemente Rodríguez Barr6n 
Universidad Nacional Aut6noma de 

""'M 
México, D.F. 
550 52 15 Ext.3404 

~1. Sergio J. Rodríguez Bejarano 
Av.Marinn Na1. 329 
PEHEX 
Húxico, D.F. 
250 26 11 Ext.23566 

Uxmal 127 
Narvarte 
B.Ju4rcz 
03020 H6xico, 
519 21 38 

Amatista 35 
Estrella 
G.A.1ladero 

o.r. 

07810 1!6xico,D.F. 
759 20 45 

Camino Real a Tetepan 131 B 
A.Obreg6n 
01700 Mdxico, D.F. 
595 84 96 

México 
Constituci6n do 1917 
José adz. Glz. 9 
Iztapa1apa 
06960 M6xico, D.F. 
691 08 48 691 08 48 

Jardín 3 Edif. D No.lOJ 
Naucalpan de Ju;ircz 
Edo. de N6x. 
358 40 87 



61. Mario Rodríguez Garduño 
SEDUE 
Reforma 71 
México, D.F. 
591 lB 69 

62. José M. Saldaña Lobera 
OECFI 

· Tacuba S 
ltéxico, D.F. 
521 40 20 

63. Enrique Sánchez Estrada 
PEHEX 

64. 

Marina Nal, 329 
México, D.F. 
254 20 44 Ext. 5018 

José R. Valdivieso Rosado 
Cía. de Luz y Fza, del Centro, S.A. 
M. OCampo 171-610 
México, D.F. 
566 09 21 

65. SalomOn Vargas Soto 
Inst.de Relaciones Culturales, S.C .. 
Gabriel Mancera 1416 
Valle 
M!'h::ico, D.F. 
03100 C.P. 
575 52 01 

66. Silvino v.!lzquez Arrollo 
TELMEX, S.A. 

• • 

Calle Kimbila !t. 110 Lote 5 
Col. Lomas de Padierna 
Tlalpoin 
14240 !1éxico, D.F. 

Sassoferrato 57 
Alfonso XIII 
o6014 México, D.F. 
563 57 82 

Viveros de Atizapán 16 
Viveros de la Loma 
Tlalnepantla, Edo. de Méx. 
397 04 59 

Dr. Atl 255-32 
Sta. Ma. la Ribera 
México, D.F. 

c.ote. 217 A t 19 
Agrícola Oriental 
Iztacalco 
08500 México, D.F. 




