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Appendin B

Database Systems

The syslems in {his list were chosen because of Cheir ubinuity, their hirlarical in-
terest, their potentinl for experimeniation, or Lheir significence for Turther siudy.
Other saurces for references Lo dutabase and file systems can be obtained from com-
mercial software eatalogs (DATAPRO, Averbach, 1P Guanerly) or from surveys
in compuler magasines, for exanple, Krass®'. cODASYL™'* contains a detsiled
review of GIS, MARKIV, NIPS/FFE, TDME, UL/L, CONOL, DBIG, IDS, IM%, and 5C-
B Marlin in Naree™ survered STAIRS, DIALDG, DATA C‘E.‘\TRA L, ORBIT ured Tor
MEDRLINE, DARIS, 5PIRES, LEADER, RECON, RIQS, INTHEX, and NasIs Kim®®
rorveyd relsbional DEMY' and Drodied includes w survey of relationn systems:
IDM, INCRES, MRDS, MIS, NOMAD, ORACLE, PASCAL/R, PKTV, RAPI'URT,
SYSTEM R, (JOE, RAPID, and ciles o 1otal of 0. Wied-rhold'? inclades descriprions
of distributed DBMS efforts. COLASYL™® provides guidelines for sysiem sclewtion.
Lgmdnu“ produces  listing of on-line datsbases.

The commersial systeme ineluded below vary in price from several hindred
dollars total 1o several thousand dollars per inouth.

Nsme Dievelopar Computaer Type and Meatures
B Yast bocation

ACCENT R Nationa) Informstion OEC1O/20 Com DBALS ale rel stg
18EL Syetl, Cupertlne CA mch

ADABAS sohware ag ISM3B0/3TD Comn DIMES hie aig sch
1971 Darmstedi FRG Siemens drf ip pri rec Atre®

ADEPT Sysiem Dev Corp  1BMIBO-50 Exp DBMS sk alg{CON-
1989 Sanis Monics CA VERSE} pri Weimman®®

ADMING Y MITEADMING Ine  DEC 11, VAX 13BMS ale nchorel
1686 Cumbridge MA el Melnlosh®®

ALFHA 1H% Rewenreh Pro 2BY, sle el

— 1871 San Jowe CA Codd in Codd?!




890 Database Systemy
Name ] Davalopar Computar Tyope end features
Yaxr  location
AMDASE Amear Compute: CorpDEC i {RSTH) Carn DBMS sch isf
1879 Laulsville KY
AMICOS Comrows [ne 1BM3B0 /30 Coun FMS hle sl
1870 Reckville MD
AYPEL 1V s[5 B3SO S ATO Coan DOMS hie bie def f
1574 Pwris France Burs 500/ T0O
ASI/ING Applleations Suhiw,  1BM380/370 Com QUS for pL/ sk
1975 Torranca CA hiestg -
ASL/ET Applications Seitw, [BMIBO/3T0 Com QUS olc rpg thq sch
1982 Teoranca CA UnlvecTQ Jor vt laf, 13, TOTAL
Awe.PL Ganeral Molors 1EMIB0-67 1nst DBN3 hip{PL/1)
1567 Werren M set gra Dodd%
ALTUOXNOTE Coly of Michigan IBsMI60/370 ~ Exp SATDEMS sle 1xt ach
1969 Ann Arbor M {\TE) sqf drf Reitman®?
BASIS Datclle Mem Laba  COCAH400 DEC  Inst IRS atq bib rpg
1970 Colutubus OH 10/20,VAX [BM  Fried in Walker??
ATD UNTWAC L 100
BEAST Broukings lnm DELC PCPIO Inst SATDBAS ale seh sl
1968 Wahington DO Kidd**
s Am Tel & Tel [=1k 0] Inat BOMS hle hie sch
1967 SNew Yok NY Benner®’
CAFS ICL Dev DBCMP re! Babb™
- 19768 Stevenage UK
CAS5M Unlv of Hozidn Exp DBCMP Su™*
1975 Cair.cuvilla FL Hawtkom#?
CDMe Sysiem Der Corp  1BM3GR/3TS Com LBMS service #le irg
1869 Somw Monkea CA il see TDMS
CoMs Digital Eq Corp DEC 11 Corn DBMS sle hie tl
I974 Muynard MA #e MUMPE
CFs Carnegie-Mellon . DEC LSI-11s Exp DFMS
. 1980 Piusburgh A .
ClLa Computer Invass Adv_ Apple Coam DBMS §-rel alg
1982 Sawickley PA hle{BASIC) rpg sch |af
COCENT Comp Seiences Corp  |1BMPO80, 370 Com DPG hip{cOBOL}
1969 Laun Angeles CA Univacl100 sch bia B30 uf
CONVERSE System v Corp 10MIBED-57 Exp QUS net niq vrf
1967 Santa Monica CA  ANFSQIZ Kaillogg*, in SIGIR™
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MNamas Davuiopar Computar Typs and faatures
Yaar |ocEtion . -

COSTAR Mass Gon Heaplisl  OEC PDP15,11  SATHMS ale L MUMPS)
1978 Boson MA Tanaem Barmest?™

CREATE Compleie Compuler DataCenaersl Comm DPG ixl pri
1676 Sya, Herham PA .

CREATE/3000 CHI Ine HP 2000 Cons DBAMS hle rel iy id
1977 Mounksin View CA

CZAR Crowe Zrllarbach IBM3IBD /370 Inst QUS hle sch isf
1970 San Franclsco CA * Palmer'?

DATA AMALYZER DProgrem Prod. 181380 /370 Com IS ale rpg sch sgl
1971 Nanust KY i

DATACATALOGC Syoergeiles 18370 03,005 Com DDICT we rpg sch isf
1974 Dodfoed MA CHIVAL DARII00 EHvS IMS 52000

DATACDOM Aplied Oata Res. [BMASD/ATO Com DHAMS hle sch wgf
1970 Dalles TX ol cpr

BATA COMPUTER Comp Corp ol Am PDP1Q Pev DHMS hlc hie 5tq
1971 Cambridge M (TENEX) vil Jor ARPAMet

DATAMAN Dataman Led 1BM3507370 | Cooe FMS sle rpg sch 3gf
1975 Calgary Allarrta

PATAMANAGEKR 21%F London U} £ 1EMIBD/ATG Cou DIDICT alc rpg ~h
1876 Lexingtan MA ANABAS N5 MARKHY

VS IEM 1000 TOTAL

DATAMABTER Microsalt Apple Comm FMS rpg sch agf
19B0  Seatihe WA S0B0

DATASAAR Eaab-Scanly AB SAAB 022/D23 Com DEMS hip{COBOL)
1974 Linkoping Swaden eet sch enl pri Bubenko®?

£RASE II Ashton-Teila Z£-80 Conn FMS, Join sig epg

. 1881 Culver Oity CA CP/M nef(1 wpdared)

DBC Ohio Suft el UNFVAC Dev DUCAP sch iadf
1978 Columbus OH Bancrjee™, Hawthorn™

DEMS Peime Compular Ine Prime Com DIMS hip net ach
1877 welleatey Hitla LA stof{myL) enl ree pri

DBAISID/ 26 Digital EfCorp DEC 10/70 Coia DBEMS hle nend1973)
19¥3 Marlborms MA sch ma{1QL} rof rec pri

DBAS1L Digital Eq Corp DEC 11 Cooy DEMS Ele ned[L¥r3)

o 1978 Maribore MA sch raf

RIS S 1] Texns [natruments  TIE30 Comn FM3S hlc[raASCAL CO-

1980 Austin TX BOL FORTRAN] hic-1bqg isf

|



aag Databasy Systams
Nam» Davalopat Computar _ Typa and featuras
Year locatlon .
DOMSIW00 ICL 1CL 1803 Com DBAS hiz sch iaf
1974 laopdon England pri rec .
DOOMP 0% IBMIS0/370 Com DOLF net a1
. I87C White Plains NY oL/t Gles; CFa1S for Laf
DBs% Sparry Racd CmbH UnivecS0 Com BOMP ble{coboL}
1972 Frankfurt o/M FIUG el
pa;/pCc iBA While 1BM3080/370 Com DDICT o ach mpg
19756  Plaime KY M9 [CxItS for mamgacluring)
DIALDG Lockhmd Res Carp 188360 Com TRS sgernce ol Irq
1957 Pako Alte CA hie it Watker"
RIRECT MNarthwesiern Unle Pro DBCMP DeWit™®
1977 Evanston 1L Hawthorn®?
DlsAM Four Phewe Syateis  4phaseTo Com F§ for DRAMS
, 1975 Cupertine CA hip{rconoL) kf xf
De.j1 §13. 128350/ 370 Com FALS hic seh hie sgl
1968 Whie Plalm KY ul arf sglCICE)
DML 5 Averbach Lruvpc418 Com DBMS v hie rpg
alse SC-1 1966 Philadelphia PA [BM380/370  ach ixf coDASYLT'A
DAIS1 100, 90 Univaa Univae1100 ' Com DBMS hip{CcOBOL)
1971 Miuncapolin MN Vnivas i) net{ 1969} rof rec vie
DXISITD Control Dats Carp  Cyberl?0 Com DBMS hie sch saf
1877 Minneapolis MM derioed from {MARS) iaf drl
DAISF1700 Dudlestad Systap Burr. 1700 Com FMS ixl
1875 Chicage IL
DM Aurrougha B170C {5 700 Com DEMS hip{CcoBoL,
1872 Pospdene CA ALGOL) net nch sl o ixf
. CRE e
nMS5 1V based Honeywall Inf Sys  HS0 Com DBMS bip{CoBOL)
an 103 1972 Phoenis AZ net(157) rpg. ral e
oL alao Nutlonsl [nformatlen DECID/20 Com DEMS hle{ FORTHAN
IPL 197E Syat, Cupertinn CA CcopaL) sch bf pri
DY 1250 Dylakor Comp Syat  1BM380/370 Com FMS alc rpg stq aqf
1671 Emcinoe CA iaf
QQEH -, Liniv of Washlngton DEC VAX Exp DFAIS obj Jesop in
T ' 1982 Sestto WA Wicderhald®? _
EDMS. Control Data Corp  CDCE400 CamDBMShi{FORTRAN)
1869 Brussel Delgiurm Cyber stgsch{ANSII)isf Nijasen ™
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MNarme Bevalopar Computar Typs and fasturss
“Yuar lecation .
FACETS was Synargislics 1884 270 Com DDICT ule rpg
PRISM 1081 Dedford MA ) \
FOCUS Information Hulldars 1BM 370 Com QUS irq epg .
Mew York 10001 KY  CMS5, TS0 i, DL/1IDAS prd
FORDATA . CSIRO CoC Tnat DAME
1974 Canberrs Avtralin  CYBER?YS hI{FGRTRAN] net sch
FORIMS Mippor Univae Univae1100 Lev DEAS
1970 Tokyo Japan ° : hle[FORTIAN]) net ixf ree
FORTE Burrougla Corp B2E00/3500 Cora FAIS hle{CODOL) agf
1959 Padli PA B1700-7700 - isf def ixl mf Chapin®®
FRAMIZ Lawrenca Lly.Lab.  CD& 7600 CRAY Dev DBAIS rel alg nig
1977 Livermore CA DEC VAX(YMS) ral{CODABYL)
GIM . TRW Systems 1BM7004 360/ Cmn*QUS le sig wech ree
1887 Redonda Beach CA 370 Unlvec1100  def rng Nelson®?
Honey weliBEO00
Gls 1BM White 1BM360/370 Com QU3 hltfcosoL,
1986 Pluins NY FL/1) hie st seh sqf faf
GMIS MIT Slaan Schootd:  1BM37G Dev SATDEMS{Dec.supp.)
1975 1DM, Cambridge MA  (XRAM) | re! vl Donovan'®
LDBP 88/44D Intel.MRI links to IEEE " Com DBCMP ret prl rec
1982 Ausia TX 484, ETHERNET .
HOPS Techniecn Burroughs Exp DBEMS hie urf
1976 Haifa [sraed 128 Reitet In Kerr™
IDM 500 Brltton-Les VAX on 1EEE-488 Com DBCAMP rel lsf,bdf
1981 Los Cates CA or inligot.term, pri
IpmMs Culiinane Carp IEM350/370 Com DRALS hip{coBoL)
' 1972 Westwood MA ICL1902 rlg{ROBOT] rpg
) Linlvec70.90 [CULPRIT) net{1973+4)
) . Sigrmens 4D sch DDICT el ree
IDSL I Haneywel! Inf Sys  HI0DO, HEQ, Com DBAMS hlp{coBoL}
1962 Phoeniz AZ HEQOO pe1(73) rnf rec Bachman?
IDP Honeywell was XD3 HE6 - Com DBMS hidconot)
EDMSE 197E Lo Angeles 45 CA Sigma 5,7.8 niel pnl ixf sch ree N
IFtP aleo Doelng Compuler Co DEC vAX IBM  SATDHMS for CAD/CAM
RIM 1978 {IFAD} Seaxtile WA nel{1678) hIp{FORTRAN} -
IMAGE Hewleit-Parkerd  HP30OG, Caom DBASS hicsch pristq
1974 Sonta Clara CA HP2100 oei(2 level: @, mf) -




H - Database Sysbemy
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Mama Ceveloper Computer ! Typw and Teatures
Yapr location

IMARS Campuleria Tne DEC PDPLD Coon QUS ole sig 1pg ree
1871 Peainires MA . .

(LECH FAVL ] tasM [BMABL/ATO Cam DBAIS hic multihie
1968 \White Plalng NY scl{DL/1) atqree(-VS)

INFOS Datp General PG MNova, Com FAIS ble hie il
1975 Eouthboro A4 Echpea ixf stq

[NCHRES Un.of CAERelstlonal DEC 11, VAX Dev DBEMS ale hp(C, na.)
1473 Technology, Barkeley {UNIX, VMS}  ret niq gra pri Held™®

INQUIRE 1afodats Systeras IBMIEDFI70 Cam RS hle rpg s1q sch
1959 Falls Church VA pri; Dev DDONMSIGSET)

INTREX Maay Inst. Tach [BrMT094, Toat IKS irq/stq bib il
1966 Cambridge MA IBM360 Walker®!

ts/1 later i3\ UK Research  IBM360/370 Dev DBAS hIptPL/1]) rel

PRTY 1371 Peterie UK alg vie com stq Todd™®

1SA %70 Software?0 Any FORTRAN Com F3 hle{FORTRAN)
1974 Mrwhelm CA aysiem ief

LADDER SItt International DEC PDP1R Exp IRS nlg net{DDMS10)
1977 Meck Park CA i Hendrix™

LEADER Lehigh Unlr COCB400 Inse IRS irq bib ixf
1967 Bethlehem PA Hillman®*

LEXICON Arlhyr Anderson [EMA3E0,/370, Com DICT sle
1975 Chicago 1L Systrm § FE%3% iMS TOTAL

LEXIS Mead Data Central TBR3ITD Com RS service sle
1978 Loxie Mw York NY , fegsl, ccomomie dulcbarea

LLNAR . Aoit Peranek NewmarDEC PDP1O Inst IRS nig agf i
18472 Chambrldge MA TENEX 'n'lr'm-d.:”

MADAM AMIT AMacAIMS Proj. HEDOO Dev DBAMS firsi el blp
1970 Cambridge MA (PULTICS) (PLAY) wq rpg vrf Stroad™!

MAGNUM Tymshare DEC PDP10 Com DBMS sle rel eiq sch
1976 Cupertino CA

MARKLY Informalica lBsas0fara " Com FM5ale rpg tbq hie

. 1867 Canogt Park CA Uinivac 900 nf conasyL?'A
MARS Conirel Date Corp  CDCE400 Com DNAS hie sch
YT 00 1969 Sunoywale CA hle{FORTRANY sqf iaf

MOLS Mlero Data Bare Syst 280,8080-based Coin DHMS slc stq net sch

1980 Lafayetie IN . Tysiemy on CP/M
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MNams Caveloper - Computar . Typs and {festuras
Yea: location
MEDLARS also Natlanal LIb Med  [BM38D Diat SADEMS sle irgaqlisf
ELHILL 1563 Bethad MD bib Katter™, abo ORHIT
MICRO-SELD Microsoh 2as, 5080 based  ComDOMBhle{FORT AA N}
1980 Bellevor WA aysiemna | Pet ach bascd on SEED
MODELZO Comp Corp of Am  1BM3IS0FITR {Com DHMS hie sig ach
1972 Cambridge blA plI ixflIFA M}
SOHIS Polytechnlea Fro DAMS rel cal sch
: 1972 Milsnc lusly sl COLARE)
Drsechi in Klimbie®®
MUMPS Mais Gen Hospilal  DEC PPF15,11  Com'FMS ale hie ufl
1566 Bomton Ml A0RD o Greenea®¥
MRADS based on Honeywell Inf S5y HEO00 L&E Comm DBEMS hip{iLs1} rel
RDMS 1978 Minncapalia MN {(MULTICS) solLINUS) rpg vrd
KOMAD Natlonal 055 1BMITO-TMS Com BUEMS sehle hie g
. 1975 Norwalh 0N kchorpg
KNYTIS - New Yurk Times 1BM3E0 Tust DS wle il ixd
. 1970 New York NY Baket??
DASLS Stanfued Adm DI IBMAB0SAT0 Inst SATLHALS
1971 Sianford CA : hle[C:DOL) hie irg isl
ORACLL Relntiona) Sohware DEC wAX, 1ot DRMS hic[COBGL PLY) C)
1979 Ine., Menlo Park CA Y™ MYS DOS 1ol slg ix[ epr pri vie
OsInIs Survef Hea.Cur,, Univ.1BM350/370 Lnst SATIIBMS wch wgf il
1973 of Michigan, Ann Arbor rpe Rattenbury ™
FL1I5/4 Century Anslysis MCR 101 ete.  Com FAIS hlc
1979 Paclieto CA
POLYPRLME I. K. Pulytechnique €11 £ 1B Exp DDBMS pri
(SIRIUS) 1877 Grenolle Funce LeHihnn®
RAMIS Mathomnatica IBMIGO/3T0 Com DIOMS hle atq rpg
1867 Princelon NI
RAP Unlv of Torents Exp DHCMP rel
1975 Toronto Cantda O:zkarahan’” Hawthorn®
HAPPONT DeluMin Dot & Any FORTRAN- Com DBMS hic stqrepg ree
. 1978 LOGICA New Vork NV based apsiem
"HDP ' ¢ Fand Corp, 1BAASED Exp MRS ole nlg red
1967 Sanls Mosica CA Levien®!
RDMA baacd on Mewn [rat of Tech H5000 Inac DEMS W pel 2tq rpg
MADAM 1571 Cainbridge MA = [MULTICS PLAL val Stevert in [Rusting?4]




MNamae Davelopar Computar Typu and festuras
Yaar flocation

RECIS carly name: Groersl Molors IERAIEO- 6T Dev DAMS hip{PL/L) red

. MM 1972 Warten Ml sig Joyee™

REL Calif loat of Teeh [BM350 Dev 1RS nlg rel £t rndible
1969 Prundens CA Fhompson*?

RELCILAF Adv.Rel. TeehinIne. PRIME Com LIRS »iq rel cal vie
1982 Atenlo Park CA 05 or MPX txt gra sch bud

RETRIEVE Tymahare NS P40 Com DBMS eervice sie siq
15870 Cupertine CA 1-sqls FMS(IML) for > £

RFMS Univ of Texas CC G400 Devy DRAMS hie alg kh

) 1971 Aumin TX Hardgrave®®

HISS Forest Houp it MIT DEC 11 CBALS 1-rel &2h rpg aqf
1974 Des Plaine IL MeLeod™

RONOT SQuftware Sciences ICL 1908 Com DALS ale rpg Lnf
1973 Farnbatough UK Univec@400 Palmer’?

.

Ks/1, bosed gn
PHOPPHET 1680

Bolt Brranek SNewmanDEC 11, v

Cambridge WA

SATDBMS #le wsth LA
tbq rpg gl sch

saxl buviy for

lisAl Scientific Cealer 1BMISOModified

ExpFAMSrelvsfSymon 4%t

RM, NREM 1968 Cambridge MA ara Leter RSS{SYSTEM R)
4AS Unlv, M. Caroline £ [BM380/370 SATDRNS, seetistics}
1972 SAS Inet., Haoleigh NC ele sl rpg waf
BIIA 1sea 1135[ licxenrch Dev [FEMS rel
QuE 1875 Yorhtown llrighta NY thal by erample) Zloof
SCORE Pengrainming Meth- Any COBOL Com FAY Wip{CuBOL} hie
1969  ixly, ew York NY ayntem thq qu 1)
5DD-1 . Camp Corp of Am  DEC 10/20 Exp DDEMS ske rel ach
1978 Cambrldge, MA DAPLEX Bernsiein®
SEED Loternst'l Date Buae DEC 11,10/20 Com LAMS |I|p{CﬂBﬂ'L}
1978  Sysi., Fhiladelphia PA [BM37T0 hic{ FORTRAN) sch
CoCa00G rpg nel{1973) ol
SEQUITUR I'ugifie Soliwsre ¥ PEC-11,WAX Com DBRMS ale,hic{C} rd
1981 Herkeley CA Z-8000 systams thq bxf rpg txt
SESAM Siemans 54004 . Com FMS siq rpg egf if
1973 Miinchen FRG -
SHOEBUX MITHE Corp IBMABO Exp SATDNRMS sle txt plf
: 1970 Redford MA etq Glanta™
LY Shipping Res Sve IBM380/3T0 Com DIAIS pet
Boghd - 1974 Ouo Noerwark Univac1100  Rip{connL) hle sch
Houston TX DEC POPIO Palmer’® .
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Meme Davefoper . Compuler Tyoe and leatures
Yaar lacation
8[k Yelertife Information IBM3G0/370 Com LitS sy
1977 Mutrieval, Evanston IL COC BOOO, Cyber slal.interfsce sch net pri
SOCKHATE Uniyr of Grenubile, Clf IBMIE0-3T0 Dev, Com 1HHALS sl sch
) 1970 touveckone, France €l Lris4d5 80 net slg v f
SULID I'enn Siale Lnjv 18M360- 40 Esp DUEMS sle cprorec
1967 University Pk PA 67 DeMaine"?
SOURCE Telscomputing Co  multiple Cariy [R5 service slc
' 1979 Melean VA busincaa, comaurner anfo, ads
BPIHES Sianford Unir 18MIG0-E7, oar LS, DIENIS slc hie wrg
1967 Sianford CA 370168 bib 12F [l jori Scheoeder in
Kerr'® N
EQLDS 18 18M370 DHMS bip{1*L.f1]) rel stg
1981 San Jee CA (LO5) xfvsam] pri vie
STAIRS 1M 1BM3E0/ 370 Comn IRS sle sig 1et sgl
* 1872 Siuugart FRG with CICS drlisf pri
BWALLOW Mluss. Thal. Teth. Esp DFMS ol
) 1980 Cuinbs rid:E M
EYSIC CAP-SOCETI 1BM3ES/AT0, CII Com {ItS ale nlg sgl il
1970 Pusis 15 France ferk, Univacl100
SYSTEM 1422 Soliware Housr DEC 10/20 Cany DHMS sie hle ixl
1978 Cambridpe MA . limcahated acriieen
BEYSETEM 2000 ar Inel-MRI 1BMIEDS 270 Com DEMS hlpitopol
520040, 1870 Awstin TX Lnvac 100 FLA1) hir sLg isl
52K £DCH000 Kroenke™®
SYSTEM C Soltwere Clesring NCR, Crierion Com LHAME ble nel{1978)
" 1981 ouse, Cleveland ON sch sty ruf rec pri
SYSTEM-R 1M Hesearch " 1BM370 ExpDHMS Lip{rL/1)relalg
1576 San Jowe CA {SEQUEL) vie Astrahan™®
SYSTLM.RY J1is Hewenrch 1Bn37o Exp LDIEMS Llp rel uch
1981 Han Joac CA VA Bl vie
TDMS Syatem Dev Corp  1BM3E0-50 Dev DEMS slc hie irg sch
1968 Sants Monize CA {Adepl) Hleire®®, capasyL?iA
TGD F1anford Unlv, 180350- 50,67, Inat SATDHAMS hlc(PLgi)
T1873 Sunfod CA & 370 DEC wAXx  sch ity gre ixl inf epr e
f .Ji &gﬂ ol s ITTRI Chicago 16 II. ' Wiederhola®™
TOOL-Ih Univ of Takyn HITACEE00 [na1 148 ele atq bib pri
* 1974 Tokyo Jupas Yamurolo®®




it Database Systems
MNamas Daveloper Computar Typa and featuras
’ Year Ipcation
TOTAL Clncotn [ne 18M360/370 Com DHMS kle ach aet
1971 Cinginnati OH Univac 90,70 (2 level:dsl, i) DDICT
COC Cyber Cagan’?
Alzo 00 Siernans4004 Honey wall200 NCR Contury
TRAMP Unly of Mithigan  1BM3ISD-67 Exp DBMS nlq ret Ash™
18587 Ann Arbor M
LCC TEN Unlversity Comp.’  1BMIBOSITD Coimr DDICT slc 1pg sch
19TE Dalleg TX NS A3
L'NIATA United Computing  CDCE400 Com DHMS hic s¢h rpg
1970 Knnaa City %10 Kra
VISIFILE Yisirorp 1Bk PC, Appls Com FALS sle bd sig
1982 San Joee TA
WOQDSTOCK Neeox Hesearch Lab  Xerps Altos Dev DFMS Swinchant??
1979 Fale Al CA -
ZETA glso L'nly af Toronta IBM 250370 Fxp DHMS hde{PLY 1ol
TORLS 1974 Taronta Ontarie stq vie drf Trichritais’? _

Lagend for typs and fapiures of databece systams

alz nilational algebea
bily hibliographic data
BOAP bill-of-materials proressor
ool relgtional eolevlos
eip clphering
Com coinmerclal
Cpr comlleaion -
[HCAE database cotnpuler r
DN, databsse lzngusge
Disvls database-manszement aysiem
PLOAS distriboced DUSES
DLICT dala dictlenary aystem
DPev develupmental
DFMS disribueed FMS
DPG drtabase program gencrator
drf direet or inmediate fle erganieation
Exp experimental
FMS fle-manggement aystem
F& file aystem
Era graphic dala support
hie hicrarchical database srganizalion”
phn;u.;e #yatem pecewed by CALL

isl indexed-sequentia] file

il indexed filea

net network database orgenfzation,

{year indiestey CODARYL landard)

nlq natural }angusge query capabihy
obj ohject based

pif pile file organieatlon

pri privacy prolection

Pro proposed

QUS query snd updite nalem

Ted FECOVETY BUpport

rel eelationsl datubsse organication
(fof ring or chain fle organization

tpg report generalor

SADBMS aingle-application DBMS
SATOBMS single-appliestion type DBMS
ach scherma

ple stlf-conlnined yystem

-agf sequempl fle opginization

stq siatemenl-orieated query processor
tbq tabular query proce.cr

tnf tranapcsed fles

!"E i
ewi-fanguage system with preprwmr Lrf treestructured Blea

[nst institutional
irq inlerrogative query processor
NS inJormation-retrieval syslem )

txt icxtual data
vie support for multiple weer viewn
vrf virtusl file acpport
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Behavioral and Organizational Considerations

O /%

. fREL TRAMSACTIONE om EYITIMA, AN, AND CYRERNETICR, VO :ucvn e, ¥, urmu:l §

in the De51gn of Information Systems -

“and Processes for Planmng o
~ and Decision’ Support SR

ANDREW P. SﬁGE. FELLUW I6ER

AMurect—Determinanty of periormants of iyvicart and pneesses [or
paining and dudislon puppon are discussed. Thiy paper b direqied m
people who desigh wach sywoms and procewsss, who wae such systemy and
proceaey, and mbo msnape orzanlsaliom in which thewe may be uved. The

Werature piled s monwinicd with several aress Inchuding pypehologry, - -

srpanirpionsl bebhatjor wd drsipn, [nforsalion sclence, mapaprornl i
rowe, tompulcr soience, and related disdplines. Performante delominanis
ol design requittfienis Tor syslems ond processcs for planning and

decinian wupport sy espocially stremed. A nursber of areas where oddl-

Ueeal ievearch apptary necded e mentinned, and wine srcominendations,

wnd inlerprelaiioed ey phvem conceraleg both mrmpnruy «llens wd

mdldl'umre:{lm b

L INTRODUCTION

AT there is much interest in planning and decisionmaking,
ellfons to dowerming effective public and privale seclor peli-

e iy made evident by the number of reeent lexis and case o

studies devered 10 these 1opies [21 [41 [13) FLEL J20L. [21), {44L
[45]. [48]). [St]. [BO], |3a)-[8&], (33}, | 104}, [10%), 14084, {134], [135),
[129], j1a1} E130Q), [178), (4790 [158) [332) (219]-1322], [237),
1243], |282), [293], [MB}-|2200, [334], |359) [3&!]. [3ed). [3T7)
{394], |397], [198}, |aD0), [412]. Thesc in part, concern the numer-
ous complexilies pspociated with pracical implementation of the
reaulis of sysiemic efforts for planning and decision support
Advances in digital compater echnolegy coupled with advindes
in sysiems science, syslems meithodology and design, and sysiems
management supkés| extension of the informalion anafysis and
display capablity provided by mansgement informalion systems
e include interpretalion and apprepation of Infarmation and
values such &3 10 result in decition support systems (D5S) or
planning and dechion suppont svitems. There is a growing litera-
ture in this area [§), [36), {39]-[41), L! 1. 1B&Y, [110}, [123], [138],
(224}, |226], [227). |139). 12404, {258], [109], {3501 [354), 1266] and
this indicates much contemporary interest and aclivity.

There arc & number of requiremenlr for design success with
reapdci o 3vslems [oc plaaning ard Jdecision support These
involve a considerable number of diwipiines. The reyule of not
making approptidte we of pertinent conlsibutions from a nuember
of dizciplines in the design of sysienss for planning and decizioa
supporl is likely 1o be a svalem or process that is deficient in one
o 1ore imporiam ways. The purpose of ths clforl is Lo discuss,
from 3 systems cagincering perspective, some of the many [
quircawniy for design success in this area

It is possible 10 disaggregale planning and dcmimmahn;
processcs inlo 8 Aumber of steps In csscnce, hey are purpeselul

Manuscript received Aprit 1. 1981: sevived June 21, 1951 This work
wa swpported in part by the US Office of Naval Research under
C'f ) RO EC-0H3,

+ 1. P Sage ks with the Dcpariment of Enginecring Scencr wd Spm
l'- -.trhl.} of Virginia, Charlottcwville, YA 13901,

L v \ L]

futusistic cfforts which involve the cotire sysicms engincering
process [ M |-[308], (307}, 130%] and <an, theceloce, be deseribed
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by any of a number of frameworks [or Fysicms cagineering su::h .

a3 the three-or the sevee-siep [ramework which involves:

1) Formulanon of the issie i~
8) problem decfinitioa (dc:mmmﬁh nr needy, ml.mnu.
alitrablay} ’
b) value sysem design [dcltrrmlul.lnn of objectives and
obleclives measures)
¢) system aynthesis (identification of possible decisions or
" aclon aliernatives dad measures of the .Imnmph:hml
of thew); )
2y, Analysis of the isste .
d} systerns anadysis end nmdchn: {dctmmnauun of the
structure of the decision silcation, the impacts of identi-

lied decisiona or action aliernalives-and the mnﬂuwtjr of

they 1o p-ofmbll: change in condilioas)

) opumization or refincmenl of aliernatives l,':adjusmmt of -

parameicrs of activities such thal each identified decition
is Lthe best passible in scdordance with th: value s)r.-.tcm]‘
3 Interpretation of the issue

N evaluation and decisionmaking (each possible dﬁl‘.‘i.!lol‘l.
aliemative s evalunted, prodilized. ond one or- mon:
alicrantives are selected [or implementation action) .,

g} planning for action {commitment of resources are mad:
2nd implementation is accomplished). L

Janis and Maan §£77] have identificd o four-stage model of the
decizionmaking process. Tig. I presents o slightly modified ver-
sion of this decision process model, We oote thal it containg the
same essential sicps invelved in the rylcmy engincering procea.
OF particular intercst are the questions asked at cach step of Lhe
process. We will claborate upon this mode] :nd oty models of
the devisionmaking process ia our elions 10 (ollow,

Comprchensive efforts involving decisioninaking will be com-
plex because of Ihe many disciplines and arcas involved as well as
because of the subjecl matier iscll. Probably the formal study of
decisionmaking, firs1 began with Lhe rational seopomic man coo-
copis of the 14h contery mathematciam Cramer and Bernoulli
who cxplained he St. Petersburg paradox Since then there have
been many workers from a large number of disciplines who have
been concemned with various 1vpes of decisipnnaking studics and
the provision of amistznee to enhance the undersianding of
satignale Toe plans and decisions 23 well as improveneats in the
cfficicocy, effectivencss, ardd oquity of the rosourte alk-c:tmn-l
that constitswe planning and devisionmaking, -

Contemporary choicomaking issues in the public and private )

wClor ane coinples, cantain nsch uacertainly, andwequire inputs
from many sevtons for Mull vndentanding and eesclution. Many
writcres have jndicated bounded rammhl) limsits in decisionmak-
ing that would appear lo make proviaen of infocmation sy lem
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adjuvants for chaocemaking nommatively very desirable. Such
planning and decision suppon systems topld, in principle, pro-
vide decisionmakers with rapid acotws 1o the information and
knowledge needed o enhance decision quality. Unfortunaicly

This papey prescols & sirvey, sialug seport. and integration and
inlcrpretalion of research from a diversity of arcas that supports
the design of informalion sysiema capable of coping with the
needs and fundameniad limils 10 imaproved jud et Wt Jiscuze

this promise of enhanced decision guality has nol always, been

realized in practice. There are, dovbikerdy, a pumber of causitive

Taciors inhibjting the potential benefils possible from informa tion

xysicms for planning and derision support. Principal among these

faciars which, at present, pose Iundn.mm:n! limits fo information
. :}'slcm sucrcess appc:u to be . T .

and desenbe

_—

1) the cognitive luflu ol dcc{;innmlk:m' .

2} individual human information processing In dndﬁun sitna
ticen and biases in 1he acquisition, nml}:i:. and hlcrpul»
tion of information:

3) decisien rules for individual dmllon slivations; - L.
= -1)the need to insure sibstantive or H‘-‘F""'*‘?'""F‘“t ratjonality, 4) conlingency 1ask siruciural mndr:h of demm silummu,
«. such thal evaleaniens of plans and decisions are veridical; and -

2) the need 10 imsure process ratienality, such thar the inl'nru- . 5} d,cn“gnmnk_.n‘ I'ramcworkl, nr;a.n.iuuoml u:lunp. md ine

mation syslem dcommodiies the capabiliies of, and the "lormation procasing i in group and or]ln:.tatlnnﬂ d:cﬁim
* consirainis placed upon, the yser; . :imutmm. -t

2} the need 10 undersland and cope with homan cngmuvc y Lo AT - ' '

, linttatjons as they affecl the formulaion, analysis, and  In & very real sense the uructural madcls seclion, S:ctlnn \' is
interpretation of decision giluations and alternarives; and

the principal portion of this effort. Il contains lhe basic de- .
4) the need to voderstand and inlegrate the ponmalive or

cmnnumkm; paradigm. including aclion sclection, The con-.
prescriptive componcnts with the descriptive components of tingepcy task ytruciure, which compnses the issue st hand, the
decision sitluations in order 14 evalve realistic adjuvants lor

envitonmeni into which the issue is imbedided. the decisionmaker,
the formulalion, analysis, J:u:d infetpretaticin of decision  and decisionmaker svperiential familiarity with Lthe issue .
options, - ! environmcnl, is the delcrminamt of cognitive siyle  * perfor-
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mance nbjectives for the particular task sl hand, These, In 1um,
infleence scleclion of an information processing nppmach and
selection of a decision rule,

The litcrature in this area is enovmous. Bul Ihﬂr i the need
for elffons w incgraie it from the penpecuve of systems en-
gincering Wesign of information sayatems for planning 2nd deci-
sion suppon. There are & number of recend porveys available that
discuss one or a limited number of 1he topics impartant for the
. design of planning and decision su sysierma These include
the surveys of Barron [17), Benbatal and Taylor {15]. Beiman
|37, Craik [67]. Dunncitc |87) Cinhomn, Klcinmuontz, and
Klcinmuniz |95]); Einhuwn and Hogarth |98 Enowon and Simen
[99]). Hammond, McClelland, and Mumpower [L42]; 1lammend
(143} 1bogarth [L59), Bogarth and Makndakis | 181], Johason and
Huber | 179). Kassin [190) Keen [193], Litby and Fishtrurn [214),
Libby and Lewis [215) Mintzbery [MEL Nisheu and Roxs
[264]. Nu1t [266]. Robey and Taggart [192), Ssge and While [304).
" Schocider and Shillrin [113], Slovie and Lachtensizin [345]. Stavie,
Fishholf, and Lichienslcin [34B]: Suenson [1655 and Zmud [415])
This work altempts & selective integration of this voleminous
lizerature 2nd cxtcmsions and interpeciations of it from the per-
spective of ultimate poleniial useluloeas for the design of infor-
mation systeres for planning and Jocision sepport Generally,
reforences are provided only to publivhed literaturs of the fast
hall decade with limited referenco 1o eardicr seminal Litcralure

and roports. This was folt desirable in onder 10 Limit the reference’

list 10 an almost manageable size. Despite our altempl 1o make
this report eomprchensive, it doubilealy fails 10 incorporate 1he
important coowributions of 8 numher of authors. And there are
dotbdessly uninientivnal misatrtibutions and misinterprelalions
as weil. For this apologics #re oflered and forgivencis requested.

Il. CoGuinve STYLEY

! 11 is becoming incroasingly elear thal it is necoysary to incorpo-
rale not only problem characierisics, bul also problem solver or
decisionmaker characiweristics, int the design of infarmalion sy
tems for planning and decision :eppen. A deficiery in some
past designs has been the negleyt of the buman decisionmakery’
role and characicristics and their offects. Essentially all available
evidence sugpests that problem characieristics and uwscr charaeter-
istics inNuence Lthe planning and choice stratcgics adopied by Lhe
deasionmaker. This section djs:usu;s a number of copmilive siyle
maodels from these perspertives,

Mason and Milrolf [233] have supposicd that :ach'pctsﬁn
passcsses o particular specilic prychological cognitive atyle or

“personality™ and that each persanality 1ype wiilizes informalion
in Jifferemt ways. 1a iheir rescarch on (MIS) management inlors
mation sxsiemn design, they claim thal an information sysiem
consisis of 3 persen ef a corlain mychalogical 1ype who faces
preblem in seme erganizational conieat fof whivh necded evie
dence 1o amive a1 & solulion is mady available Uuuu|h sOme
mode of presentation

There are five essenlial varabhes in the Informaden system
characierization of Mason and Mool Tach af these are disag-
prepated inte subelements. Mason und Mitrefl characicdze 1he
prvchological-ivpe rordable accordiag 1o the Jungian sercotypal.

opy. In Ihis typology, peuple difler aceording ta their preference .

for informalion acquisiton and apalysis and the preferred ap-
proach W information evalealion ind inerpreration, AL extremics
in 1he information doquisition dinweasion are sensing-oricnuwed or
scrsation 1vpes who prefee detailed well-structured probleans and
who like precise routine tasks, and intuitive-oricnied type peupk,
whe dislike precise rouwting siructored tasks and perccive s
sucs wholistically. AL extromes i+ the Informatien evaluastion
dimension are [eling-orcnted poople, who rely on cmolions,
situalienal cihics, amd personal v lucs In making devisions; and
shinking-odicnted individuals, wla rely on impersonal Togical

_ argumenis in reaching Jecisions |

IELE TRARIACTIONS ON TYETIML, MAN, AND CYRLAKETICE, YOL. 18C:11, #0, B, yorriunrs [91)

*

Mason and Mitrafl characierize the probliem vanable into
slructured and wmslruciured probicms. These may be funher
divided into decivions under cerlainty, decisions under risk, and
decisions undet uncerlainey, The orgunizartional ronrexl cariclie i1
characierized 23 suatepic planning. manapement conirol, and
operational control, The merhod-of-evidence-generation variable
involves five iypes of inguiry systema: the data-based Lockean
inguiry system, the model-based Leiboitzian inquiry sysiem, the
muitiple model-based Kantian Inquiry syslem. the conllicting
model-based Hegelian inquiry system, snd 1he leaming 3yslem -
based Singerian-Chuschmanian inquiry aystem [234]. A filth -
variahle, made of presentorion, includes personalistic moedes of
prosentalion such a3 one-ofi-ooc contact &s in diama and an and
impersonalistic modes such as abstrict anabyical models and
rompany reporls These latler four varisbhey do oo formally
relale o cognilive styles, and some Jurther comumenl oa them is
conlzined in other portions of our effon A number of works by
Mason and Mirralf and their m'llc:;uﬂ discitss vasious aspects
of this calegonization {252]-254). OF inwerost in this regard s a0
work by Kilmaon [200] »hich supgesis the design of CNEANEES:
tiony with the Jungian penonality charactesistics of individuzh,

Among the miny oiher studics which have emphasized the
nced 10 incorporale decisionmaker characicristicy into informaa-
tion- system design s tal of Dokier and Hamilion [78} They
studicd the inMluence of cognitive siyle on the acceplance of
management Kiener recomencndalions and found a sireag core-
lalion beiween the decisionmaker's coghitive stk and willingness
10 scvopd these recommendations. They [ound that dilfecences in
accecpiance raies were due pol ooky Lo differences in cognilive
s1yke bist olso 1o difforcnoes io this subject population, From this
and many other investigations [34], (ML |77 [79L [101L [151)
{166 [174]), |229L |25 [253) (263) §267L [26B). [IN1] [330L
{369] 11 appcars that sppropriale consideralion of the human
behaviora) variable of cognitive style is very pecessary for sue-
ceaful design of decision suppor sysiema.

A number of stidlies wch as I.lmc by Taylor |369], Craik 1!-1],
Payne [2T2L Schneider and Shilfrino (313, [¥27] acd Samea (341
indicate, as we will discuss in Jater seciions, thal human de-
cisioamakers auempl 1o bring order imo their information
processing activites when confmonted with excess information o
the lack of sufficien! information. Many carly siudies assumed
thal salic fixed patiers of dealing with infoemation were Tpre-
feered™ by the decisionmaker for the plu-ccss of expericocing Lhe
world, and these were referred to s “cognitive style,” Some carty |
siudicy view cognilive style os 2 mode of lonctioning that is siatic
and pervasive throughout 2 pesson's perceptive and intellecioal
aeyvilics. A number of intellecieal processes are subsumed within
the wrm cogritive siyle. Theae concern the way in which infocma-
tion is avquired or feemulaved, gnalyzed, and interpacted. Thus,
cognitive syle inclodes puch boman sctivities s informalion
filiering and panern recognition.

Zmud has indicared [414), [415) that those individual dif-
fercnces which influence Information system success moat strongly
invoive cognitive siyle, persenalily. and demographic/siational
vorables, Cognitive siyle refen @ die process behavior that
individuals eahibil in the formulalion of acyuisition, analysls,
and interpretation of information or dna of presumed valoe lor
decisionmaking. Doubllessly cognilive style i somcwhal in-
Muenced by such personality variables as degmatism, introvers
vion, cxlroversion, and 1elcrance Jor ambiguirty, Hlowever, liatle
oppeans known concerning these influences. Gough discusses
pn.rmu:lur and personality assessmenl in his chapier (K7 bu it .

it sare (o find, with strne nolable exceptions (249)-[251), {330
[332). 1352, discussions of personality ¢ffecis upon decisionnak-
ing behavior in cogmition sudics. The demographic/ziluational
variables quhc persona) characicrislics such as intellectuad abil-
ity. educalion, cxpéricace wilh and knowledge of specilic con-
imp:nqr tasks, age, and ihe like. Ap imporiant sitvalional vari-

“akle 3 1he lm:t of siress encouniered by the decisionmaber in &
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specilic problem situation. The Yevel of siress, which resulis in the
adoplion of a coping patern, inMucnees the decisionmaker's
ability in acquisition and processing of the information necessary
for decisionmaking. The subject of siress will be dealt with in

- some elail in Seetion ¥V, Many varisbles are especiatly iporiant
for an informatisn processing model of cognilive behav,or. Some
wilk be discussed in Section LI Qur ¢fforts in. s wcuion will be
devoled prinarly, therefore, 19 copnitive siyle oincepla, Gper
cizlly Ihe rale of persanality varisbles in the adoptiop of cogni-
give siybe, '

There are » number of cognilive siyle models in addition to
that of Masan and Miwreff. Banfl and Lusk |24]. for example,
have discussed three cognitive siyle characieristics relevant (o
information system design: cognitive complexity, field depen-
dent findependeny, and systemanie fheurstic, The copnilive coms
plexity charactenistic involves three siruciural characieristics of
thinking and perceplion: differeniiation, the number of dimen-
sions soughl or sxtracted and ascimilated from data discrimings
KoR; Lhe fincness of Ihe articulaton process ia which stimuli are
assigned 1o the same or differenl calcgories; and integration, the
nuinber and compleieness of interconneclions among rulcs for
comuining information.

Benbasat and Taylor [35] noie thal much cognilive complesily
rescarch deals with inwerpersonal porecption and has limited
value for modcling activilies of managers in processing informa-
tion and making decisions. Mischel is especially perceptive in
discussing |he polential hazards of aldbulions and enduring
calegorizations of peoplie inte fixed slols on the basis of a few
behavioral signs in his study cf the interface beiween cognilion
and personality [251) The assumptions that static characteriza-

- tions ere sufficiently inlormative to enable behavior predictions

in specilie seitings are strongly challenged. An evaluation of ihe
uscs and linytalions of slatie trait characlerization of individuals
is prescaied and the strong [ntcracting rale of <onicwl is em-
phasized. Mischel is especially concorned with “cogaitive oo
nomics,” that is 10 sav the recognition that peeple are casily
overleaded with-ar abundance of information and that simplified
-methods of acquisition an.d grocessing of informatian are, Ihere-
forc, used. He is especially concerned alse with growih of self-

« knowledge and rules for sell-regulation wilh maturation, Lopics io
be discussed in Seclion V. We concur with these Yiews in 1hat we
believe that i1 is the individual'ssexpericace with the 1ask at hand
that is the primary determinant of cognitive style, Further we
belicve that it is an individual's informarion processing capacity
.under various levels of stzess apd in dilfcrent dontingency task
structures that deteiaines, in part, the qualily of decisionmaking.
These [aclors deper U strengly upon cxperience. Thus we support
the information p..krssing view of Simon |337]-[344] that few
characieristics of the human infermation processing sysiem are

. inverianl over the decisionmaker and the 1ask. These charactens-
tics ar¢ pencrally eapericntial and cvalve over tine fn a dynamic
fashion. They ant rol siatie and can not be trealed as ttatie and
task invariant lor & given individual. .

In the Basifl and Lusk cognitive style modd [24], individuals
may be calegorized according to whether they are tightly bound
by cxiernal referrenls in siructuring cognitions. in which case
they arc called fidhd dependent or low analyte: o whether they
can make use of internal referrents as well as extvrmal referrents
in sirucluring copnitions, in which case they are Ligh snalylic of
ficld independent. In a fidld-dependent modt, perccplion is
dominaied by Lhe oversll organization of the Ncld. There is
Limited ability 1o porerive diserete parts of 2 Lield, especially as
distincl frem a specific organized background. Ficld independent
people have mare opalytical and struciurng abilities in vomgar-
sans 16 figld dependent people in shal they can disapgrepale a
whple into i1s component parts. <

The systematic-beuristic categorization of Banfl and Lusk
describes cognitive styles associated with peuple wha cither search
information for causal relationships 1hat promole slgorithmic

iy - 1 m
- [ - .
solutions, or who searcl: ii-formation by trial and error ¥ pathesis
festing. Syslematic indiviauals utilize abstract logical o =.¢ls and
processes in theis cognit.on efforts, Hewrislie individuals vtilize
COMINON XCRse, pasl expzacnee, and inluitive “feel.” Svsicmalic
individuals would be 2b!. 10 cnpe wilh well-siruciored peohicms
without difficuly and weuld approach unsiroeiured problcms by
attenpring 1o seck wndesiving strscturad relations: whereas heur-
istic individuals would 2uenipl Lo tope with unstruciured prob-’
Iems withoot 3 conscious ellont 10 seck structural identificaticn,
Of panicular importasce with Fespect 10 cognitive styles are
relationships beracen the environmental complexity of the con-
tingency 10:k structure :nd information provewing characteris-
tics. A number of auther : have aliempled experiments based on
the hypothesis that the concepioal structure of the individual
determines information processing characiciistics. Conceptual
siructure is Iypically measured on 3. dimension of abstract versus
cancrete, Absiract individuals would be capable of wsing integrar
tively more complex concepltal processes than concrele Lype
individuals, Abstraciness may b characterized by the ability to
differentiale a greater vasicly of information and o discriminale
and integrate information in complex ways, Abstract individuals
would, therefore, be expooted 10 base actions on more informa-
licn and to:develop morc ¢omplex stralegies for information
evalualion than concreie individuals. Thiz is somewhar similar 1o
Piaget's account of cvolving cognilive development,’ in that the:
“fermal”™ thinker is capible of absiract theught whereas the
"eoncrele” thinker eclics wiore on preceptual expericnoe as a basis
for thought and problen. solution. While the work of Piagel
apprars 1o essume that ca, nitive capacily evolves over time, some
research invelving person. 'ty and cognilive s1yle assumes that an
individual's cognative 51y i not 1ask dependent and nol subject
i change as'2 function of vontingengy variables such as experi-
e, | b )
Among other efforis, Jwriver and Mock [#3} developed desi-
siop-siyle theory, a set o four devision siyles based upon 1he
hewristic-analylic charactcrization of Huysman [172] 1o reate
conceplual siructure of decisionmakers to both the amount of -

information they lend 1o use and the degree of focusing that they,

cxhibil in the wse of informaticn. A beoristic person will use”
intuition, past ¢xperience, concreir Thooght, and & whelistic ap--

proach Lo reach decisions. AR analyuic person wil utilize abstract

logical models and will search for causal rclationships and un- .
dedying structure 1o evolve rationale for decisionmaking. The
four decision siyles are derermined by the depree of Jocus in the
usc of information and the amount of inlfermation desired. A
decisive persan is one who wishes 1o set the minimom possible
amounl of information and who will likely identily 2 single
workable decision. Decisinn speed obtained Irom short summary,
oflen verbal reports, is & vharacierstic of the decisive person. A
Nezible person is ore whe utilizes minimom information but who
will idewtily 8 number of polentially acceplable decisions A
hierarchic persen is one who ulilizes much infermation, ofien
oblzined in a thorough way lrom long involved ise reparis 1o
Wentily 2 single acceptable decision. Arn integrative person uiilizes
mugh information to identify a number of potentiafly acceptable
devisions. . . - _
" Vasarhelyi [I%9] has alsa examined 1he anabwiic-heuristie di-
mension. Hix caperimental resulis indicale generally thar anakylic
Iype peaple lend 1o use compalens and other enalytic tools more
in planning than do hewristic 1ypes. Heuristic bypes usc less
information shan the analytic 1ypes and are more concerned with
the Yack of Nexibilily in computers than anabyiic types. However,
his siudy of comrclations among varicus siyle-measoring instro-
mcnls indivates that Usese are relalively low., - o
Priver and Mock also suggesied o Mifth siyle which' they

referred 1o as the complex style, which is characierized by a wide

search and analysis of infeemuation. 11is 2 mixture of the integra-

Ser Scction V of this paper.
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tive and hierarchic lypes. Zmod 1415] has performed some experi-
mensal studies of this decision siyle theory, His Gndings indicare
that pereepiual differenees can indoed be observed for specific
cognitive wevles and nmong subjects with different educaijonal
and expesicntial backgrounds, Hewover, his roaulis also indicate
that there is no apparent relalionship bolween cognritive tiyle
perceplions and actual cognitive behavior despile consisteny dif-
forences in perceplions of cognitive stylex |

McKenney und Keen |242] have done exicnsive work oo
cognilive style measurcmwnts. Thicse have become, in part, Lhe
basis for scveral definitive efforts [192) [193], (258] n decision
suppart svstem design, They concoplualize cognitive siyle in o
dimensions: infonnation acquisition and informalion processing
and cvaluatian. The information zoquisilion mode tomlals of
reccptive and preceptive behavior, bodh at ihe oppasite exiremne
of & continuum. They ¢laim that precepiive decisionmaken uie
conccpts, of precepts, to flter data, 1o focus on pallems of
inferniadon, and 10 look for deviations from o conformities wit:
their expectations, Reseptive people tem] 10 logus on delail rather
than patlerms and derive Implications from data by direet ob-
servation of iL, rather than by fitting it 1o theie own precepis,

Witk respect to informalion processing and  evaluation,
McKenney and Keen measured individuals on 3 scale, with Lhe
sysieinatic thinker &t ant extreme and the intoitive thinker at-the
ather exireme. They have showa, using 3 battery of pencd and
paper lests, thar systematié thiokers approach a problem by
strucwuring i1 in terres of some method which would lead to 3
solution, whercas intwitive thiokers use Inal and crror, inluilion,
and previous capericnce 1o obiain sclutions,

We have cramined 1oer cognilive siyle characterizauons in this
soction, Table T summarizes the modchy of Rrilive styie,tha)
resul] from these efforls We nole the mnﬂrahk similanity
amang these four consirects Thett have been a3 umber of
stodics of the measuring insiruments involved in clasfying peo-
. ple according 1o Uwse cognitive sivkes, Many, such as the sudy
by Vasarhelys [IR9] mentioned proviously, have found rather low
rormelations among ol instruments. Zmud {4135 [415] has indi-
cated fow corrclation also amang st scores on Jifferent inadru-
menis indicaling cognilive atyles. Chervany, Senn, and [Dickson
157]. | 74] have o prowsed much concedn and peasioism converming.
the vatidity of much of the conlemparary rescarch in this area.
Thev comnent tha the awdy of individual *persanaity dif.
ferences ax prediviors of human behavior and performuanee have

ven hasically unswecssfol in that it has not been posible o
prodict perfoemance oo the basis of pervenalily characierisiics.,
Their compteat and (he commenl of others that the characicris
ticy of the task in which the [ndividua) involved s a prime
deteririzan! ef human behavior, appenrs unassailable. We will
provide amd discwas addilionat evidence supporiing a dynamic

+
- 1 -

cognitive style charscwcraation that will Incorporale Lhe con-

lingency 1ask struciure and the deisonmakes’s 125k experience

in severa] other sections of this paper. In particulas we emphasiae

the strong need for consideration of the structure and the conlent |
of planning and decision sitvationy n order ta evnlve contealu-

ally meaningful suppoet. | ] :

1L InroamatION PAOCESSING. .

Problem solving. judgment, and decisionmaking imply both
thought and action. Hente degisionmaking can be defined as the
procryscs of thoughi and sctied involving ao irrevocable allocs-. -
tion of resodress that culmingles in choee bebavior, In making a |
decision, make ofien than not, the decisionmaker is deafing with
enviranments charactenized by risks, bagards, yscstuinty, com-
plexity, changes gver time, and conllict. Further, the quality of a
decision depends upon how well the decirioamaker is able lo
aequire informarion, 1o analyze informalion, and to evaluste and
interprel jnformation such & 10 diseriminule belween relevani .
and irrclevant bits of daa Decivion quality also depends upon, -
how well the decisionmaker I3 able 1@ cope with slress, which is° .
invariably encouniered in importanl decision circumstances. Ef. -
fective management of these factors enables strategies by which -
the decisionmaker may ardive a1 4 good problom sclulion, deci-
sion, of judgment '

A number of sludics such &1 thess by Barren [28), Beilman
[37). Chorba and New [$8), Delaney and Wallsien {73, Feather
]107], Hawell and Fleishman {165], O, Huber, [168], 5. Euber
{170} {171} tves. Hamillon, and Davis [174); Libby and Lewis
[215]. Lucas and Niclson [228L MacCrimmon and Taylor [232),
Monigomery and Sveason [256) Moskowit, Schacler, and
Dorcherding [259) Payme [375] Simon [M)L Tushman and
Nadler [YM] Tuzpke and Goerwin [150), Waltilen [195], [196]; and
Wrighl [402]-{404) discus ihe vital rolke of buman informalion
processing - in decisionmaking.  Most con researchers
regard information processing &5 & crocial piak for effective
decisinnmakiag and staie that the type of dechion problem, Lhe
natare of the decision coviranment. and the current stale of the
decisionmaker combing 10 delermine decision style and decision
sirategy for a specific rask. The term information processing
cefers 1o the processing of verbal reporis a3 well as quanlitalive
dala since verbal reports are dala (94 T

An informalion processing theory of peohlem solving, juds:
menl, and decisienmaking is based on the asumpiion that tndi-
viduals have an inpul mechanism for acquisition of information, -
an oulput mechanism for interpretation and choicemaking, inter:
na) processcs for Miltoring and other anatysis cfforts asscciated >
with information, and momornies for long: and short-1om serage
of information. There are a large number of ways of represenling
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Fig. 2 A sysiean engibecring conceplua? mode! of human Enfiarmation peacessing,

human informaiion prccessing, Mazny of (hese are described in
texts in eoghitive psychology such a3 Andcrson |7), Posher {281)
or Salso [354), and in warks in consumer choicr such as'Betiman
137 Mixh of 1he work in this area owes & greal deal io Simon
[134]-{344) who ka5 developed information processing theorics in
péychology and in artificial intelligence,

Fig. 2 presents w conceplual model of a sysems engincering
framewotk [308) Jor human information processing. There gre
doubllessly & number of commponenty mussing {fom this model. [1
does pol show, for example, the essentially iterative nature of the
process. Nevertheless we feel than iy provides a weelul point of
departure and & siruciure for our efforls to follow,

The key funciions, which deiermine how a specifie problem or
. decision siipalion is cognized, dq:md upDn an interaciion of the
memary and high¢s-arder cognition of the preblem solver with
the environmenl ihrough the conlingency task struciure. We will
be very conterned wilh develepment of a concepriual medel of
higher-order cognition and the conlingeney task strucivre o
Section V. 11 is appropriate lo Yemark here thal be various
inférmalion #nalysis and inletpretaion peocesses of thinking,
task porformance objertive identificalion, evdlualion, and deci-
sion rule idendficartion, are called “higher order™ cognition. This
is not becpuse ey are somehow more importanmt than the so
called "lower order” m;muon elloris of information acquititian

. m'mlﬂn; formulalion: sersation, altention, pcm-puou and pat-

term recogaition; but because they octur laker in time in the
. overall infosmalion processing elfor.

I is imponant to note that information processing and de-
Cisionmaking cfforts inumately involve memory, Memory [f02]
influences human Jud;mcm in a aumber of ways, [t will influcnce
the perception of the contingency [k siructure asincialed with
in bsue ag well as Lhe decision rules wsed for evaleation of
aliernatives. Two charscienstics of human memory are of special
imporiance for tur effocts here. Find, information will b¢ en-
coded i neore or Jess efficient and elfeciive _way in tcmu of
_human abililies for tocalt. The cmling proceas i dependent, alsa,
upon the interpretation stiached 1o information and this sirongly
influenced ¢event recall percepiions, and assocaled cognitive B
awes, The literature concemeod with memory andd s components,
and their felations and interaction with human percepiual cxpen-
coce and behavios 4 vast and sperulative in nature. There have
boen many studies, both physiological amd pﬂ:h.ahpnl ton-
cerned with Lhe ddenlification of the memory “cagram,” which i
hypothesized to be the fundamental unit of mensoey. We noed
B0t be o3 perially cotcerned 3a Wiz effort with the sariows phytio-
logical sruciuces And processes associaled with hueran wemory;

T

Sotving

of with varions related behavior Lherapies FIO9) however the
esscnlaly are reviewed boow briclly, A useful bref survey of the
literalure on memocy is peseoied by Thomassen snd Kempen in -
chapier 3, vol, II [244], by Fox [12R), and by Radcliff {284}
Human memory conshitzlcs two major components, shott-term
memory and long-leem meimory. Shoa-term memory plays a key
role in immediate recall of spdively rchearsed Umized information
(71, [354). Unless censcious effort js put forth in reealling infor-
malion from shori-lerm miemory, this cannot be done after a
lapse of 30 10 60 s trom ipitial presentation. Models of 2 working
short-term emery iovelw a nunber of mechanisms, such as an
urticulaiory rchearsal locp thal has the capaciiy to retain shoerl
verbal sequences. This Is just one mechanism by which short-term
relonlion Js passible. There are 2 number af other sensory reg-
isters, 01 is important W pofe thal shorierm memory is an
integrared nelwork of many mechaniams, and is umalcd, in
usc, with a number of skilled processes. Sy
Shiffrin ond Scheeider [313], (327] mcnrpw:tr mﬂtpu n:l'_
altealion, memary, and perceptual learning in their theory of
shott-lerm retention. They hypothesize short-term wofage, " Lhe”
function of which it active ¢onirol of thinking, reasoning. and
general memary processes. According o Shiffrin & Schreider,
shori-lerm $lorage is ao acrivated subset of bomg-lerm siorage.
Teansfer. ol information from shor-term storage 19 loog-term
slorage iy dependent on alicnliona] mitalions, intecference from
strong exrernal and imernal stimuli. exien! of analysiy of infor-
malion, and formation of associations in long-1erm storage. There
have been many stodies involving concepls such ag netricval
proceases, memory Trace identification, cncoding processes, 1o
recognition which we will por discusa as they 2ppear of secondary
impartanes Lo the poaly of this particular effor. Whik five o
seven unconnccted iseos is believed 1o be the muximum amount
of informiation 1h21 ean be reizined in shortslerm memory, long:
lerin ooy may contln a 1r.u:rm.ml:l;ur Iinull:u SMmount of u::‘at-
ration .
Thus we 308 an CROSMIORS dilfcrence between hunu.n lbil:liu
and computer abilines Bovawse of its Large Tong-term memory

‘and abiliny for quick search and recall, & buman mind cauly

resons whalisiically, Wheolisie reasoning, such as reasoning by
analogy, (s ot at all casy, ar this ume ar keast for 2 compurer.
Significant unaided computational efTort would be difficull for a
kuman since computstion must be done in shor-ierm memory.
There exists the possibility (hal infoemation pored in loagiterm
memacy is flawed because of cogrilive-tiaes introduced : by
processing in short-term mepsory. A principal task of compuer-
aided support must be to augment human capobilitics in need of

—_—— - 4



avgmeptation, while not diminishing abilities in those array In
which human ahililies eaceed those of the computer {J1}

Oner effort in the remainder of this section will be devoled 10 8
dewriplion of the yanous processcs which support information
acquisition 2nd injormation analnis. We will abso discus some
of the cognitlve biases that can resull from “pooe™ mipmmalion
agquisiion aod jnformalion anzlysis. Information inlerpretation,
which leads 1o alicrnative evaluation and decitionmaking, i3 an
impartant and somewhat dislinct part of the overall informatica
procesalng madel. It will be discwssed in_the neat four sestiond
from several perspectives. ' L "

The types of operatiens involved in informuifion acquisilica are
senration, aLKAlion, perccption, and paltem recegnilion. Doubl-
lessdy there are other valid ways of calegorizing ihese eperationd
(7], £37, (67). [100], J133). [148), {i75L. [2R1). (297). (299), [213),
1337, 1313) but the axonomy wed bere i3 sulficient for our
puipses. In seatsiion, informalion 3 acquired through the five
major sense muodalitics, which are cnvironmeotally activated; in

response 1 3 specifie armay of siimulus enorgics. In & specific -

dccisionmaking sitvalian, the dochionmaker [iftern out bis of
data believed Lo be srvdlrvant. The filtering process s based upon
task charactenistics, expericnee, motivalion, as well a3 other fer-
tures and demands of the specific decisionmaking sitosion, 1
such & (iliering mechanism were acl to exist, the decisionmaker
would cften cncounier informalion owerload which geacrally
resulis in saturation and 1he inabilily 10 process sullicient infor-
mation Jor the task st hand, Shor-term and longlerm memory
components play key rolés in the infosmalion acquisition procesy
a3 the degisionmaker proceeds with efforts that culminale in
choice. A response system couples the memary system to the
sensory yatem and the eaviroameiL Thus it congrols or aetivales
the scnsory midalitics on the basis of the aciions (zken. Through
Lhe response $yalem we Close ihe isformation Mlow feedback loop.
Bower, in volume | of Estea [I0OL has summarized prineipal
coniponents of the flow sysicm. A model of the principal compo-
nents of jalarmalion fow might «.onilsl of; the naponse sysen,
the sensory 3ysiem, the memory s3:fem, and the contral processer,
The central processor coordinales nemorizing, ddnking, evalva-
tion of jaformalion, and final declionmaking,

Uliimately involved in relenlic 5 processes i the potion of
atienticn |7] In arder lor infoscotion to be wamaferred from
short-ierm memory 1o loag-lerm pemory, constant conscigo
atlenlion, i 1erms of echearsal, is required. [aformalion entering
short-term memory thal i nof utended io, through speeific
consious processed, is lost. Procousing of information demarsda
atieading lo relevanr bits of incoming data and transfer.of the
dala into long-lerm memory lor future retneval for making &
decision. [nterferences of various 1ypes may inicrropi agtenlion
and thus hiades wransfor and retcalion of rckevant stimuli inlo
long-term memory,

Inherenl in the processing of iuformadon acquisition, is Lhe
process of patiern recognilion. This process gencrally invalves
twp phases: exiraction and Menifeation A givea stmulus is
“coded™ in terns of its featurcs. These extracied featurcs of the
object or stimulus deseribe Lhe sumuolux The wrm “lestures™
implics such characlerislics &s angtes, lincs, or edges. A stimglus
may be recerved thigupgh any of the sense modalities The eean-
ing that this comveys 10 the decixienmaker, ov the manner ia
which the decisionmaker petecivis the slimulus, is dependeni
upon the patlerns ¢xiracied from the Slimwbes, [n the ideatificas
1ion phase, the sensery = pereeping] system classifics the slimutus
objecl. The way in which this is ofien assumed 16 occur s by a
wyighted malehing of 1he cureent {eature i against o likely ael
of protolypes in lang-1crm memoany [7], [113], 12270, (354] with the
inpul being classificd accerding 1o the naose of the byl matching
protolype. The quality of cvient of the wnsory informalion
cutracted delermines 1the accucacy of identification,

Thus paltern recognition procoyses involve memody and the
ovher three vompanwala of infarmaion acguistm: scnsation, o
- the initiat expenience of stimulagieg lom the sensorny modalitices;
Aentiwy, of 1he concomration «f cognitive cffoct on scrsory

.
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inlcrprel sénsory stimuli, Lo

We have just described what might be reganded a3 & compo-
nenl or physiclogical medel of informetion processing, In . these
stimulus response approaches, behavior I3 seen a3 being indtiated
by the omel of silmuli. A sceming deficiency in approsches of
Lhis is that there is linle considerntian of how information
bils are aggregated 1o influence chokce and how the decision
maker goct aboul the process™of information formutation or
acquisition, anolysis, 4nd inlerpretation ., }

A kery model developed by Brunswick and his sibdents 5 2
nolable exception to thit The Brunswick bkens model iy the basis
for 1he palicy capture or social judgemetn approach of
Hammond and his colleagues [140}-{143} The lens model, dis-
playved ia Fip 3. asumcs that peoplt are gusided by rational
programs in their aticmpt 1o adaps ta the eavivonment. Thore It a
crilcrion yalue ¥,, and the subjects respoase, judgment, or in-
ference Y,. The ket side of Fig } roprescats coological <ue
validitics which are the correlations 7, betwern Lhe cucs and  the
enlcrion value, Oa the rfight or organismic sde of Fig 3, 2

" sobject will hase o rexponse, judgent, or inlerence ¥, on Lhe
peretived ecological structore, By calculaling the cosrelations »,,.

that exist between the cucs and The resporae or criteripn gvalua- ©

tien, learming concerning the rosponse system can be oblained.
.We note thal 1he value of the enviroamenial eriterion ¥, and

the subject inference ¥, are direclly comparable if linear comby-

natigns of the cues are aaumed, We have, far a cucs, ’
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where &, and A, sre opllmum regeoasion weighis foe che Inde-
peEndens cucs x, w v hich provide measred of the impiwiance weiphts
of the cuer. », :ndr art crroe lkerms due 10 inadequacy of Lhe
Yinear modct, Y and Y, mre the true crilerion value aod subject
response, and ¥, and P, e the predicied eviterion value and
subject response based on the nbaenved cues, The many works of
Hammond and his associaiex |2}, [21). [45] |54), 1140]-]143),
(B8} [ex3), [261), [290}, {29%4]. |295] [404) concerning soclal
. judgment theory make use of this Jers medel The approach hay
been shown 1o be uscful ja a varicty of areas wch 2 policy
farmulation, negotlation, snd onflicy resolutian. Revenr elfort

by Voffman, Eark, and Slovic [134] have sthown thas the come’

puter displayr of 1acial udgment theory: which shew both task
tharacieristics, in terma of cue values and rommaponding criterion
values: and response charactenistics, [0 1erme of individeal cue
values and axaocidicd subject reaponses and judgments; provide &
very effeciive feedback mechanism which mighl enable peaple 10
effectively learn much abouy complex functional relarionships
and tasks, There are a number of studles of regression analysis
approaches 1o deicrmination of parsmecters for decision rules
|2ﬁﬂ]. {299). Use of regression analysis ls central 10 social udg.

. Revent applicauony of the sppeoach [241] have
mvul!ml u n; simulation modcls to gentrale rponset which are

. valusted by the decisionrnaker,

Qutslicna concerairg Lhe cognillve style used by the de-
citjonmaking are, we beliowr, very jmpontant, Informalios’ analy-
et and Information iniczpretaion may be sccomplished In a
concrele operational made of thoughi or in a fermal operalional
mode. We will deseribe the essential Textares of these (wi higher-
bevel cognition proceaycs in Section V. The concrete operalional
thought process, which is typically applied in familiar sluations
which people perceive (o be well Hructered, may invalve elforts
such &1 rrasoning by soalogy, of alfest, or slandard operating
wrededures, The lormal operational \baught procens, typicelly

splied in ciluations wilk which the problem sobver is uafomiliar
ad inexperienced, muy invelve !'!l.p]il'.‘il uie of quantilalive or
qualilative analytical thought,

In either of Ibese modes ar “Hyles™ of thaught or nng;ulinn
Information sequisilion, analysis, and interprelation mnay be quite
Pawed. Many recent studies emphaslze the strong need for mod-
eling problem solving behavior 1o # descyipilve, or posilive scnse
in order 10 detet possible Maws if information processing. Oue
discunsions twg far In this section have been copceraed with
pbysaloghcal models in which prople have input 3nd oulpus
mechanisma, & memory lor information slorage and rettieval, snd
a contr) processor for coordination asd coalol, Here, we with
especially to underscore the need ngy oaly Jor physiological or
stlimulua-resporue models bul especially far process 1racing [712),
{93-%8), [233]) modcds of informalion fosmaulation, analysy, and
inerpretation &s well 03 gssociaied dechionmaking. Knowledge
.of the aciual unnided process of problemn solving or descnplive
process iraging ahould serve &2 & wselul guids o the design of
information systerns that avoid, or at kast amcliorate the effects
of, cognliive heuristics and bisses. This fnvolves requirements for

. & knowled ge of the ways ia which people apply :mlq,ln ic ovder
to reach judgmen -

A latpe nucber of mnlcmpwuy studiés in fognitive prychol
ogy Indicale Lhal the aitcmpls of people, including expests, Lo
apply various inluilive stratcglfes in order 1o aequire and analyer

. Inrormalmn for purpeses such as prediclion, forccasting, and

Ec nning are ofitn awed, Many siwedies have Beon conducied 10°

scribe and gaplain the way information is acquired and anglyzed
and ihe resuls of faully equisition and analysis. {encrally she
d-w:npm: behavior of subjects in saiks invohing information
‘quisition and analyyis is tompared ¢ the saypuative resulis Lhat
2uld prevail W people fllowed an “optimal™ proceduse. There

- have beened number of fecem discusaions of cognilive biases from
srveral perspeetives [61), (621, (98], [£43]. 154} |158], 11605 [161],
JVB5), [234), [262], [IH). [I09), 1146-245), |331]. [152). | 385], | 384),
[406-4(8], The recent texis by Nishett and Ross [264] ond
Aloganhk [139] concerning the strategics and bizses associated

-
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wilh judpment and choler are espeaally poteworthy. Apong the .

cognilive biases that have bers identificd are several w hich affect
infarmation [eemuladien or 7 Juixilion, informalien analvsis, and
inlerpreiation, Among these biases, which are nel independent,
are the folkowing.

.I'iA--f,-u.rmmr and Amhpem: [HEL [383}== Ciften a person finds
that difficaley in prablem sclving i5due B Lo the lack af data
snd Information, bul rather 10 the caiitence of excess Jaia and
information. Ia such shuatiors, the pecwon often résorts 1o heuris -
tica which may reduce the mrenial elforts required Lo ornive at &
swlulion. In using il anchering and adjuriment heuristic when
canfronled with a large amwni of dara, the peoon wlecs a
parivular dstum, such a the mocan, &5 o inltal o staning poinl,
or onchor, and when adjust that valbe improgarty in order 1o
incnrporate the rest of the daia such as to resull fn Mawed
informatien analysis.

2} Avaifabiiy [383, I'IH]—TI:: decisionmaker uses only ensily -

svailable information and ignores not casily available sources of -
slgnificant informaiion. An tvent is belicwed 10 occur frequently.
ihai it with high probability if it Is casy Lo reeal) similar ¢vents

Jp Baze Roie |18), [291), D #6}=-The IkeTthood of ocvurrence of
two evenls ja oficn compased by conlrasting the number of tiry
the twd evenls ovcur and [proring the rate of occittrence of each
event, This biay ofien ocvurs when the decisiopmaker has ¢on-

‘oreee experience with one cvenl bot only stadgifenl pr abairaet

Infermation on the olher, Cenerally abairacl infarmation will be
Ignared a1 the cupense of concrele informalion. A base rate
derermibned primarily from vonereie infornation may be culled 2
cousal base rate wherens thei determined from absiract informa-
licg is an incideniu) base rete. When information wpdaies occur,
this individuating informaion oficn i given much more weighl
than {1 deserves. 11 is much casier for individuating Informanon
lo everride incidental base rates than caukal base rates,

" 4) Cons
males ms a3 thoy should be ortised, based on receipt of new
signifcant mfmmn::.m‘a kuown a5 corpervalism Thin (s rcl:und
1o dala sawration and regression effeciy bisses,

* 5 Dota Presenrusion Conrexs [161]—~The impact ul’ :um— .

marized daig, for examr!:, may be much gréater than that of the
same data presenizd in dealled, porsummarized farm. Also !
different scales may be used 10 m.tid:mhly cha.n;: the impact n!
the 1ame data R

&) Data Snm:.im—l‘eople eften reach premalure muc!ushn.:

‘on the basis of too small a 1ample of informatios while igaoring .~
‘the ress of the data (hat Is received Later on, or slopping wequis:

Uon of data prematurcly,
7} Desire for Seif-Fulfilling Prophecies—The deciionmaker val-

. MEs a ¢eriain ouicorne, interpretalion, or conclusion and acquires

end analyzca ooty information that supports this conclusion, This
is another form of siective perceptions .

8) Ese of Recalf [203], [382), [383)~ Data which can easfty be
recalled or asseszed will affect perception af the likelibood of
similar evenls occwring apain Propk tarpmnll)‘ weigh - easily
recalkd datz meore in decisionmiking than those data Wh.ich
tannot £asily be recalied.

] Exp«*rnn‘m [161), 1335]—Prople often I’tﬂ'lcmbﬂ snd al-
lach higher validlty 1o information which-confirms thelr previ- -
ously held belicls and expeciations than they do to disconrfirming *

Information. Thus the presence of large amounts of informaiion ™

makes it easier for one la keloctively jgnore disconfirming infor-
mation such. as 1o reach any vonclusjon and Ihereby prove
anything that cne desires 1o prove.

10; Fuct-Value Confution—Strongly held mun may oftén be
regarded and-presenicd ms facis That type of Informution is
sought whick conlinms or lends tred‘;hnu, to ont’s views and
values. Infarmation which contradicls one’s views o values is

ignored. This is retated 1o wishlul thinking in thalt baih are l'utm.i _

of selective perceprion
1£) Fumdurncnsal Atisshurion Error (Success/ Fuilure Error} [151],
Jitd)=~The decisionmaker assciabes success with persanal inhes-

enl ability and associates Talluse with poor [k in chance evenis.
o . " *

ieny [210), [259]. |345)—The fafllure Lo revise esti-.

!
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This is related 10 availability and rrpresrmtativmess,

{2) GamMers Fullugy — The decisionmaler falscly assumcs that
uncxpected occurrence of & “run™ of svee evenis enhances the
probability of occussenee of an cvent that has 001 occurred.

I Hubu—FumlImniy with a paniosar nle for snlving »

- ———y——— ———
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kX '.runs.ucmm ON SYSTEMY, MAN, o cYRLRM T, VoL Lac-11, mo, &, nm.u-u tHl

- 15 .S'ri'm:'w Percepliog [Iﬂ]—l":-uplc often seck oaly infm
mation thal confimie ther views and valics. They disrcgard of
Ignom disconfiming. evidence, lusues are sruclured, on the basis

of personal ¢xperience and wishiul lhinkin;.. There are many

illusiraticns of sleclive prrccplion. One s “reading besween the

problem may result in reulitization of e zame proceduse and  lines™ spch ss, for example, to deny aniccedent slalements and,:
pcloction of the agme altcrmalive « s comfranted with a similar &5 a conscqueonce, accrpl “if you don'l promote me, 1 won'l
) Lype af problem and simizr informaticn, We choose an alterny-  perform well” as IcIIMn; mi‘nmmny frofa “Iwill perform well |

tve because ji has previously been acrpesble for 3 pereeived |

similar purpane of hecanse of supcndtaon’ .

14 Hindsight |112-114], [116]—Poople are often unable lo
think chjectively il thoy receive infmuatan thal an outcome has
oocurfed and they are 101d 1o ighore this jnforination, With
hindsighLl, cuteames that have occuned seem to have born inevi-
table. We see relationships moch ruee casily in hindsighi thap in
feresight and finki il cusy 1o change vur predictions aficr the fact
1o terrcspond 10 What we know has oveurred,

13) Htbusion of Comirol {209], [200|—A food cutcome'in &

chance situstion may well have remlicd from a poor decision |

* The decisionmuker may anseme 2 fockng of control over evenls
that is not reasonable, «
tey Hhavion of Correlation [115) 1131 —A rustaken belict that
. lwo events covary when they do sol covary is known a3 the
" Mlosion of correlution

i7p Luw of Smwll Nunibers {sc: Kahheman and Tversky
[235]j— Peeple are insufficiently semilive 1o guality of evidence,
They often capress greater cenlidence in padictions based ca
small samples of Jata with nond ionfirming ovidence thaa io
much larger samples with minor drecnfirming cvidence. Sample
size.and reliability ofien have Linle iafluence gn conlidence

18 Order Efivers [161), {184) —The order in which informnation

is prescnied affeens information rukention in memery, Typicelly
the firs1 piece of information presested {pnmu:jr clfect) and the
last presenicd {recency effect) assume I.lnduc importanee in Lhe -
mind of the decisionmakee,

.. 19) Ourcome Irrelecant Learning Sj'urm (%54 157)—Use of an
inftnor processing of decision rubc can lead o poor resulls and
the decsionmaker can believe b thine ore good bocause of
inakility 19 cvaluate the impacts oi’ the choices not selected nnd
the hypotiicses nol 1estod,

2y Ocerconfidenes [ 14), !1831. | 28] —People gencrally ascribe

nore credibility (o darg 1han is warrinied and hicnee overcslimaie
the probability of succesy mercly due 10 the presence of an
abundance of dala The greater the amount of data, e mom
conlideni the petsoa is in the xturacy of the data, .

21) Redundancy—The mote rdumiancy in the data, (ke mort
confidence people often have in thdr predictions, a!lhou;h Lhis
mcrmnl"dcncc i3 wsually unwaranted,

32y Reference Effecs [30], 1383]— Reaple normally perecive and
evaluate stimuli in aceordance with their present and pasl exper-
ential level for 1he slimuli They sense g refereoce lewel in
accordance wilh pay experience. Thus reactions 1o simulid such
as a comment from an associate, are inlerpreled favorably or
unfavorably in sccordance with owr provious capectalions and
expericaoes. A refercnce point defises an operating point in the
rpace of auicomes. Changea in perorplions due to changes in The
referente point arc called- referenuce effeels, These changes may
not be based ppon proper. slalisticRy relevant computations,
2Ji Regresnon Fffecis |183), [I83]—The largeat observed values

of obscrvalions are ) mthnui regressing lowards the nean o-
conslder the cffeets of nousy messurments. 1n effoat 1his igadre

- uncertaintbies, -

Mt Represenfativencs [382), 383 —When making inlerence
from data 100 much weight is gives to reaults of amall sumples.
As sample size is increased, 1he resdis of sinalt samiples are tahen
1o be teprescntative of the larger population. The “laws™ of
n‘pr;scnt:lm:nw differ Lm.'ndcr.l.hly from the laws of proba.
bility and viodations of the comuaition ruke P(A N B < P(A)"
are oflen observed. .

LY
- -

iIf you promote me,”

. My Spuwiowr Cuex |[61)—0ften éuu opfear anly by, ocour-
rence of 2" low peobabilily event bul’ they, are accepied by the
: decisionmaker as eumimonly oturring,

A7) wishful Thinking—The preleience of the devisionmoker
for pariicular oulcomes and parsicular decisioas can fead the
decisionniaker to chaose an allemaiive that the decisionmaker
would like 1o have associated with a desirable outcone This

lmphnam[nundm;dh:uudnluumduaiomof.

scleclive perception,

Doubllessly there arc other information nrcqmnhon. mlyllx
and interprelalion biases that we have nol jdentificd here Any
eategorization into m.qutmlon analysis, and interpretalion bias is
somewhal arbitrary since iteration and feedback will often, in
practice, not allow this separation. Also, many of the ideniified
. biases overlap in meaning and. thereloee, are related to othern
Sommne further dlacussion of cognitive bizscs will be prescoted in
our discustion of the sitwation [eming phate of prospect theory |
in Section F1. Certainty, refllection, ond olslion effects are three
results of these bidscs that have particutar pmnuncnc: in pros
ipect Lhenry. .

Of pagticular lntcn:sl are Circumstinces undcr which (hese
biases oocur, their elfects on sclivities such ax decisionmaking,
Issue resolution, planning, and forecasiing ond asscssment; and
sppropriale styles which might reselt in debiasing or amch.onuon
of the cffects of coghitive bias.

‘Many of the cogrulive bizses 1hat have beea- found 10 exist
have been found in the unfamilizr surroundings of the experi-
mental laboralory, and peneralization of this work o real world
sitvalions §8 a conlemporary research aren of much interesl.
However most of the labaratory experimenis have concemed very
simple if wnfamiliar tasks. A number of studics have compared
unzided expent perfonnance with simple quantilative modely for
Judgment and decision such a3 those by Brehmer [47)
Cohen [62], Dawes [T0L [71L Goldsmith [132], Kleiamunty and
Kicinmuntz [204]. and by severnl wuthors id Wallsiein's receni
definitive work corcerning cognilive processes in choice and
deciston behavier |3%6) While there is controversy [62]. [263)
[349), most studics have shown that simple quantitative models
perform bever in human judgment and decisionmaking tasks,
including informaiion processing. than wholistic expert perfor
aance in simifar 1aaks. This would appear 1o kave major implica-
tions and to sound major caveals for such areas as:“capert
forccasting.™ This caulion is strengly emphaosized in the works of
Hogarth znd Makridakis [160]). Makridakis and Wheclrighs [235),
and Armstrong [14]-]16]. This is a caution noted i but a Tew [18]
of 1l contemporary works on Jorccastng ond asscssment,

There are a number of presctiptions which night be given 0
cnuourage avoidance of possible cognitive biaswes and 10 debias
those Lhat do oceur (98], (981 [161], [184]. [235). []55] {386] Some
- Sgpcosiions to aveid cogrutive bias follow.

1) Sample inflowmanion lrom a brooad data b.-.sc and be ﬁpt*
ciafly careful 1o include dala bases which might nonum discon- .
fisming informalion.

2) Include sample size, confidrnee intervals, and other mcE- .

surcs of information validity in addilion & mean values,

. 11 Encoutage use of mnode!s and quaniitalive aids to improve
upon information analysis m:nugh proper aggregation 01' arqmﬂ'd
information.

Ay Avoid the hindsight bias by providing mecess to mfum:.'llm
at enitical past tum da

L.
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.. Analysia, an inlerpresation play a feeded and vilal role

phish; DN OF INICRMATWN ErF M3 AMD FROUTRUL

5y Encourage dechicnamakess 10 distinguish grod and bad’

decisions from good and had putcomes in aeder 10 avoid various
fornn of selective perocplion such as, for example, the iltusion of
wopttob LT g

#) Encourage eficclive kearming from cxperience. Encourage
understanding of the decision silwation and metheds and mules
wed in praclice 10 process information and make deviions such
as 13 avoid oulcome imelevant kewmning sysiems. )

71 Use structured frameworks basd an logical teasoning [253],
[174] in erder W avoed confusing facu and values and wishlul
thinking and 10 hadsl i processing infennalion updates

%] Doth guahitative and quaalitative data shoukd be vollecied,
and all daia should be regarded with "appropriale” emphasis,
¥one of the data shauld be overweighied or ynderweighted in
accordance with personal views, bolicls, of vilues prly,

9) Peeple should be reminded. Imom Gme 1o Gme. fenccraing

-what 1ype or size of sample from which data are being gathered,
»0 &% (0 avoid the representalivencss bias,

10} Infermation should be presented in soveral orderings so as
to’avoid recency and primacy order effccls, and the data presen-
lation context and data saluraion biases .

‘Kahneman and Tvenky [235] discuss a systenae procedure to
cnhance dehiasing of information pacesing sctivitics. A delini-
tive discussion of debiasing methods Tor hindsighe and overcondi-
deneg is presenied by Fischholf [185). Lichiensicin and Fischhofr
preseai a nuember of hetphat guidelines 1o assist in iraining [of
calibration |217]. Clearly more elferts along these lines are needed.
Studiey Lo deicemine the exient 10 which keaming leedback
acquired through we of methods sich as socia) judgment Lheory
voriribulcs o debiasing would be capedially rewarding. This is
especially the case since confidence in unaided judpment is
learmmed and maimained through leedback even when there is very
Ltile or no justilicaton for thiy conlidence [94] Typically oul-
romes which (ollow [rom decisions bated oo pegative judgmenis
e not observed, Reinforevments of seil-Tullilling prophecy type
judameals thirough positive ouicome feedback only oorur in spite
of, rather than due lo, judgment validity. '

Research integrating the methods wherehy people integale or
apgregate infarmation and avribule causes [8]-[121 [142], 1143).
[186], [190], [199). (1211 |364] =ith methods Tor the identiflication
and anselioration of cognitive biases would be of iplerest and of
much potential use alsg,

In & scnee, the results of this scction are distorbing in that they
1znd 1o support the "intcllecuy cnipple” hypethesis of Slovic

{142}, pg. 14) and imply tha huomans may well be Jitlle more’

than masiers of the art of sclf decepnon. On the other hadd chere
i sirong cvidence that bumaps are very suongly molivaied 10

+ undestand, 10 cope with, and %0 improve themmselves and the

cavirenmenl in which they lunction, While there are 8 number of

* Tendamenial limitations to wysiemic efforis 1o assist in beltering

the quality of human jedgment, chowe, and decsions |182), [M07],
dicre are alse 8 number of desirable activities [16) |305). 93851
These ‘can assisl in increasing the relevance of Svalemic 2p-
proaches such as those which resull in information processing
adjuvants for policy analysis, lorocasting. planning, and other
Judgment and decision 1uks io which information acquisition,

_ iV, Drcisios Ruirs )

In order 10 select an alicrnaiive plan or course of 2¢iion Tos
ullimate fimplementation, the decisionmaker applies one o more
decidon rules which enahle enmparisn priofilization, and uli-
maicly, selection of a single palicy alivmative from amoag 3 st
al chowe aliernatives. The purpase of a decision rule is to specily
the mot preferred aliemative generally from o partial or 1o1al
otdeding or priortication of alicraatives, To utilize a decision rule
we must have a sel of alicrmalives, a se1 of ohjeclives 10 be
acvomplishicd by the alternatives, a knowledge of 1he impacis of

-

(25

the aftematives, evaluation of these impacty, and ascovipred prof-
erence information, Decision rules may be explicil or implivil in
ternis of the way in whicl they are used in the decsion process.
. We czn anume, withuat boss of penerality, thar cach single
perliny alleraative may fepeesent a complos poriiolio of individeal
alicmatives and thar e =21 of choice aliemmatives containg sl

- aliy exclmive comporens This formulaton can always be

accamplished bul may result ju a very large set of policy allermna
tiws gince a individual Jdicmatives ¢xn be combined jnie 2°
possible perilolios of Atematives Failure 10 eoesdder 3 combiny-
tion of ahemativey Ty resull in significanl crrors in decision-
making unless cach of e individual aliematives represents one
compencal of a portfelio of all possible combinalions of individ-
wal alicmmalives, or unless the individual aliernatives are indepea-
decnt or mulually exelisive,

I is assumed a1 the istcrpretation siep ol the decision process
thal formulation and analysis have been accomplished such that -
there exists a decision silabon structural model and Lhe reaults
of exercising the model Thus objectives, relevant constrainis,
1omie bounds on the jssue, possible palicy altematives. inypacis of
policy aliernatives, etc re assumed koown. The choice of a
degision rule will depend, in lasge measing, upoo the derision -
situaton siruciutal mode! at refllecied 1o the conlingeney task
siruclure. We will discoss dymamic models for contingency task
alruciures in our neal scclon. ' | )

The above discussion ruaw sppear representative primarily of
the judpment and decisica process sssociaied with the formal
opcrationa! thoughl mo.i 1 that we will tlaborale opoo 1 our
pel section. For purpu.& of clarity of cxposition, we have
presented an oversimplili-$ view of bow decision rules are used
I aggregale information ; od evatuate allermatives. The
we have described implic. comparison and evaludiion of aluwrma-
uves -only after we have fimt accomplished formulaton and
smdlysis of the jsue under consideration. As st have nowd
throughoul oiir discussion, decisionmakers typically compare and
evaluzir alermalives whilc they srewin the process of decision
silvation formulation and mnalysls, These partind comparisons
and cveluations lcad o searches for additional policy alierna- |
tives, additioml analysis, eic. As we have also noted, the eatire | -
decision process Iypically ournrs in a. parallelsimolizneous
iterative fashion rather than an exclusvely sequeniial scries of
sicps in which formulation is followed by anzlysis whichiis
followed by inlerprelation .

Individuals and decision cnviconments vary o greatly that
there are & greay number of decision males 1hat will be peeded W
desctibe aciual decision sitvatons. Schocmmaker 1315) is among 2
numbcr of authors [J2L) |235], {364), [365). {37} who hawe
altempted clagsification schemes to allow calegorizaiion of van-
ous descriplive decision rule models. Mis first level caiegorization
separaies decision rules inie holistie ond nonholistic categormies
In a holisiic decision rule cach zhiemalive or porifolio of aliena-
cves i3 evalugied and asvigned s value or wtility, Aler all
alternatives have been evaluated, they ase comparcd and alicma-
tive A is 521 10 be prelerred 10 altemmafive B if its evluation has
given it a greater aulity such that (4 A) > L B). In nonholisie
deedsion rules individun] diternadives or portlndios of alicrmalives
are pencrally compared with one another in & seqiential <limina-
tjcn. process. This companison may be ngainst wme standard

. acress & few ainbules witkin aliemarive paim of across Allerns-
raves, with aliernaiive aliribulea being compared one a1 a fime.

. Hach of these carcporics appeurs 1o imply disuggregation into
compancnls of the tvenl oulomes likely to follow from deci
siony Our seclion oo -conlingency task siroclure models will
propose a dynamie evolving copnilive style medel which admas
of cxpent situational understanding that invalves reawoning by
andlogy, imuitve affect, and other forms of aonverbalsalmesd
unconstious perveption. We chect 1o call this type of reisoning
wholistic and add a third category 10 the classilication shetng of
Schoemaker. .-

ucnee |
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Consequently we cnvision three firn level general catcgorics
of Jecision rules: halistie, heursiig, and wholisiic. In & holire
decivion rule there §; an atlermpt 10 consider 2li aspecis af a

deciaion siuation inkv:lu;:ing choics by means of disaggrega- -
tion of sanous choice companenis. 1 a bewritric decision rule, -
deratled ¢complicaled compansory are ot used. Rather, sim-.

plificd approaimagiens 10 holislic decition rules are wsed, In a

whoheric degision rale, 1he evaluation and cheiee of alternatives {s -

hased upon use of previous espericnce, hopefully Irue experise,

with respect to similar decision situations. The selection of an

aliernziive is hased upen 168 perecined o presumed worlh s a
whole and witheut defailed ¢onious consideration of the indi-
vidual aspeets of exh alicrnaiive. It is possible o define a
aurmbes of deciirn mules and categonze them The Mir levet
calcgorcs we have defimed are nol mutvally exclusive. A number
of decision rules doubilessly can be cni.r;nn:md inla more 1han
one of these firat-level decision :nlc;mcs Figure 4 illusirates g

possible inclusion streciere for the decivion ruley we will deseribe’

here. ’

Evpected Uriliy Theomt Qur hinl decikion nule s based on
cxpecied wlility theory and is dnuhilady the most famifiar ded-
sion rule 1o engineers. This rube denives foom a “rational actoc™*
decision mode! (31 (4 9] [10M), [121), [134], [169% [192], 222
|236]. |265], |2K31 [315], |359]. [397] which is more Iul'!;f discussed
in Sevlion YL

The rationa) octor moedel i3 & normailve model Vun Meurnan
and Muoegenslern, wha introdoced he 2vioms af the miodc? of
rational man, satcd the purpose of thelr work as-

w find mathematically compleie principhes wRich define “nl;nnal
hehaviee™. .. 3 ol of rulos for each partivipant which &1l him howe -
bl e in every slepation whivh may conccivahly g,

¢

The idva of rationality originated in the cennomics literature
where microcconomic awsdels of 1he conwunwr and the firm
asswitied comploie infarmation and rationality, The ranonzl pers
w0 s asumed 1o have idemified a set of weli-defined ohjecliva
amd gooly and is Jasumed 1o be pble to express preferences
helween differcnt states of affains acoording o the degree af

salisfuction ©f attaining these vbjeciives and goals. A ralipnal -

- %

- Fechacdogical pe cvnnemie rationadity woukl be a more np'p;qwhu
-9

ey, .

1 -
v

- 1

Fig. 4. Hierarchlca) structure of deciabon nuex. -

persan hos identifed available sliemative courses of sction and
the possible consequencet of cach allemnative, The rational person
makes a combsient cheice of aliernative actions lo order to
mavinfize the expotied depree of satislaction associsled with
altaining entilficd objectives and goals |
A number of elements are assumed 1o cxist in the ratiopal
T agtor mud.:l

1] | set of pulmy alicrnatives A: : T

1) the 1ol of possiblc consoquencey of chuice or Futere mm of
nature or decision oulcomes ¢alled S;

33 2 wiilily function £H#) that is defincd for I.'Il clemenis &
ol §;

4) infemation a5 to which oulctrnes will pocur §f 2 pmlculu.r
policy alicrnative ¢ in A is chasen; and e

+ 5) informalion as 1o Ibe piobabifity’ of ocurrence ol any

particular cutcorne il an altemative o & A s chosen 'P{1)
is ihw probability thal 5 € 5 will occuer if & € A s chosrn,

There are 8 number of ways in which the asioms sssscinsted with
ithe cational actor model may be staied, Each stalement of the
axioms allows proof of the fact the cardina) wiility fusciions will
exist and be unique anly up ta posilive lincar scanaformations.
Funher, (h¢ evaluation of cxpcclcd uillity oliws choicemaking
and prioritization of al{ernatives in nccordance with the expected
uilily of ¢ach ahcemative, There are 3 number of textbook
accouny of expocied utility theory La which the jaleresied reader
of this revicw may twrn {or alievnative seb of axioms el detailed

* ascvounn of the use of cxpecied wiility, theaey [51) [163), [196L

[222). 1255} [302], [315]). MacCrimmon and Larson inicerclate the
major axiom syilema in’expected wtility theory [} In a aotes
worthy contAbuticn ta understanding of the scveral sysiema 1hat
lead 1o fessentially) the same reaults for the rational actor model.
A very seadable Intraductary treavment of expected usility theory.
Ielating doemiplive p:ﬁ"lmkngml concerns with nrmalive cont
corms, is prosenled by Viek (244} o
. The raiigmal acior moddd [ often accepted a1 @ normalive
imodel of bow decisions should be made, a1 least in @ subatantive
or “as i fashion. It §3 oficn observed that the nidel is not 28
sccurale description of either the subslance or ibe peocess of
. nclua! unaided choicemaking behavior, Some of thése observers

" use empiical evidence of the deviation of aciual docisfonmakees

from cither subsiantive ranonality ar peoccw rationality, Thee

obscrvations are doubtlessty corecet. The racional aclof medet B

4
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howovtt, invatuable in thal it fan be ofien used a1 relerence for
eomparison of s1eal behavinr with ideal “sided™ or normajive
behavior. Pursher, Il pravides & beachmark against which to
compare stmplified heuristics. Our efforts and discuuslons in chis
section coacerh primarily substantive behavior although we
recognige the preat difficulyy, in practice, of scpatating suhstance
Irom prpcess.

Eimen and his eclleagues intrnduced the eoncept of bounded
rationality znd dn‘ck'lp-:-d & 1arishicing model Jor individual
cholcernaking It is worth poting that boundedly ratienal acror
are bavically ratienat subjeet 10 conatmints on the formulanon,
analysit, and inlerpretation af infermation, and the substitullon
of schicvernent of & 1argel fovel of retern, o aspitaikon kevel, for

sekection of the best altenative. Typically people satisfice by-

adaplive adjusimeni |1"1 of avpirations such that, fa reperitive
drcikion stiations, nphml::ng behavior is approached |270}.
There is absolutely nothing In the Tormularion of the railenal
acter model which requires identifivation of o objetives, aff
powsible altematives, aff posalble impasts of diemnatives, eig, The
ralionat sctne model iy perfecily eapable of being used w aflow
priorilitstion end selection of 1he basl alicrative by evaluaang
some impaciy and wilh knowledge of some-objectives, from
amony an incompicie 8t 1 in no sense pecessanly eequires
campleicncss in mrythln; and the axsociated. complexity 1iat
this would rm:urc Aciual decisionmaking behavier may ned,
bowever, ¢v bﬂundr.dly raticnal mul may employ sich poor
heuristics as 1o result in inferier choicomaking even 10 the exient
of sclecting inlerior choices from among those in » bounded sel.
There have been & number of experimental sindics and feld
studirs of the appropriaiensiy of the expectad utiliey madel 3],
[110), [VESL ELISY t125h [VR4]-]184), [236), |I36]-[341). [IN5] as a
descriplive medel of substantive unaided behavior, Among Lhe
surveys which commment upon the experimental and ficld wudics
ze |27), [9R). [ 208}, [348], {372). Scheemaker [315] provides a very
madablo briel survey of some of s liwcratore. While 1he evie
dence I8 mixed, mest sludics Indicate that the eapeeied ulilily
decision ule smply docs nm rund:t:on wtll in & docrprive
Jubstenive senie.
TIn jis simplens [orm the eapected uiility of Aiermative a, is
computed i‘rnm

E{”(".J} - E FI-' fn,}]U[:;{n*}] (t}

where the 5(a, }.j I, 2. ©em, Wre the 21aies which m.n:.r rﬂull.
from alermative 8, and e ple (e} are the apseciated probabili-
fliex, 1n the npenl.‘d ur fll]' farmulllion the pls{a) = p,(a,) =
p, wre aumed to b ; objective prohlbilmﬂ ard, of course,
¥e erp, = 1. Generally these probabllities sre not allernative a-
varianl afthough aclationally they ore somefimes wriiten ma if
*' they weie independent of ahemaolives. The U sia)] are the
utilitics or vatuea [206} of the decislonmaker for the varlous
cutcome states, Johnson and Huber |179) survey s number of
peocedures thas can be used 1o elicit wiility fenctions, Most of Lhe
xibooks cited castier also cantdn discuwssion of ullily sisess.
mend procedures
' Sulyection Expected Usility: Ofsen |t occurs thal nhjcctive proh-
shilities are, for any of a variely of reasons, Unavailable in o given
situationr. The subjective expecicd wtllity model is phiofned when
subjeclive probubilitics f{ p, b ore subistituled for the p, in (1), The
Fii f,) are gencrulty elicived such that I3, A g0 = 1 ond wo 1he
' subjnﬂu probabilitics behave in & uny conzislent with the laws
robability, There are a number of discussions vongerning
rog.uahlj elicitaion {31, |223) |25 |355] thal presemi ap-
prﬂpmtl.' procedures 1o enable detrrmination of wbjective proba.
hilivics lzom individuads and proups. Conventiona) approaches 1o
elicitation of utility in experied unlity theory Amy conlound
strengih of preference Iell for alteenalive event outconws ond
Mtlilugde Yoward sisk. Also the eliciatian praccdure can brenme

Y &1

rum.brrmnc Fl.tm:: rmard; has formally sepasated Se fac-
o |31} and thows much | romise i chancing umders ‘ling of
altitude wwards risk. In this opproach the wiilin coacept i

devoid af k. It 1akes on 3 mcaning move like L .t conven-
lional micracvonomics where it meanrrey strengih - cfereme ¢
for e¢rlain outeonws oaly, Thin fesearch 3] could o o cde addi-

tional linkeges and und erilznding beiween ihe npu el uEiling
and subjegiive ﬂpn::td utility eaneepty by providing Lue incorpo-
ration af rixk aversion eflevas in 3 relatively simple way, A relved
enproach o incorporalion of risk aversion fa déseribed by
Howard and decigion analygs st Lhe Sianford Research Institune
|JM] whe have heen respendble for 8 numbee of major applics-
Uon Mudics In thiy arca. Thete hove been 2 aumber af relaled
approaches [65], |66], 1121] and 1he subjects of risk and unver-
lainty are of much contcoipurary interest 161, | 136), [153], [304).
A number of sludics have jndicated 1that the relalion belween
subjective and objective probabllides {a nonlinear snd situation
dependent., 18 s usvally indicated that people often underestimate
Ligh probabilitics amd everestimate low oncs. More reocnt re-
search has indicated that 1his appesrs true ondy for favorable
oultemes Jusl the opposile appears true when the ovicome is
unfaverable. This appeans o be a form of wishful thinking for
low probability evenis and “everything bad ba pPens to me" for
high probobilitles, What we will tﬂr lthccuw ulllity theory
allemply te incorporale situaian dependent noalinearities that
muy cxisl between subjeciive end objeclive probabilites,
Multigtisibute Ouicaeies: Oflen dession sitaations are. suffi-
ciently complex that it s ifficull to-evaluate, in » wholise
fahion, Lhe wiilily of esch oulcome. Ofien {1 s posuble to
disaggregate the leatures on which utillyy is based inlo a number
of components called airibuzes. An aitribule tree i3 a hicrarchiea
siruciure which, when quantified through diciinsion of values af
the outepmed on the Jowes) level atisbuies and selative weights of
the 20tribuics, ¢an be used 10 detcrmine the wiitity of evem
nuicomes. The Lypes of mubianiribute utilly models used have
varied fram very simple unl weight Jinear models to rather
complex multipleative todels [106) Dawes [T1) documents th:
robust bﬂulr af tincar madely of the l’m-m %

U{:J= Eh, ufth E hyw (:J_;.

-F

. whm Ilu:u arc ossutned 1o be auribum.h i the weight nnhe-'

Jth atifbute and w,(4,) the value scort on tI-.u: Jih atirbate of
outéome «,. la much of the wark in thls area decliiony under
coriainly are consldered such that therg 13 1 ooe 1o one CONTES PO
dence between aliemative w, &nd ouilome a,. Under decision-
under-certainly conditions we can let IL.a in 2% ’
Multiaitribute modcls have been vty :ucm;l’u!ly baed 1o
predicl the derision behavior in field seitings or many profes-
sional groups, 1fammond | 140]-{142} nnd his colleagues have. a3
discussed in Section 111, developed an nppm:h knowm a1 »ocial
Jjudgmeni theory in which the “policy™ of the decisonmaker,
equivalent [n this circumsiance 10 the weights Ay, are [dentified
fram whalistic priariization of dechion oulcomes through use of
repression anal wes. Ward Edwardy and his collcajues -
[1E&], [103) and clsewhere, elicit weights [rom decisinnmakery for
the madel of {2) In » useful stralghiforwand ptocedure called
simple muliiple attribuie ranking lechnique (SMART) that hus
seen o number of realistic applivations, Resulis of 1he surveys of |
Arotsireng | 14], [t4]; Fischer 1111), Slovic and Lichtensicin [ M5
Siovie, Flwhhalf, and Lichiensicin |348]): Shaplean {124). and
othens indjeate thal simple lincar models [6d} sre very polenl -
prediviors of religble judpment. especially under conditions of
certainty in that one mn replicate the suhstantive judpmett of
decisinamakers. This is the caxe even though the aimpk Lnear
mncke) may pod do ety good job of modeling the devision
precea, “fkm srapping™ is the name gven 10 theliak "ol *
mhsﬂlutin; a decivion rule for 1he deisinnmaker. The wudies in
the eiled references ahow that the climination of human judgment

-
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creor made possibke by boot strapping enahles it to be superion to
unaided human pxdprent. One can oven misepccily weights and
ignnre atinbule dependenaies and il find that weighted lincar
modcls do quiie well |71} . .
- The Juct ahat the weighted lincar rule may be 30 gond is 2
rather mitcd blessing In circumalances in which there ia no
requitement for know lodge nf the underiying docision process,
the subslantive prediclive ability of she lincar addilive sade] may
make it quite wweful. Sitwatioms wweh a3 evaludling credid card
applicanis or applicaals lor admissions to colleges are repelitive
judgment and deeision siations which fit into this category. Use
of simpls fermal Tincar model may wel), in situations such as
these, lcad 1o a more cfficient 3 well as pwore effeciive and
equilable scleclion preceas than one bawed on wnaided hunizn
intuitinn 0. [75). (Dawes in Shweder [JI). In unsirociwied or
seansiructurcd oonropelilive decision silualinns il is moch less
clear 1hal a decision rule 1thal is nol guaranteed 1o be fajthful o
the wndertying decision process will be nearly a3 vatvable as one
that is in 1erms of cnabling decisionmakers 1o make belter
“decisions. Fiachholl, Goitcin, and Shipirz | 119] provide a aumber
af peroeptive commenis conecrming this and the consequent need
for a theory of errors 10 explicale the effocts of poor decision
situation siruciural models and parameien: within the strucluare,
A hopod-lor achicvemnont is 2 scrativity-based analysiy of devia-
tions from optumality 1a detcrming, among other things, the rele
of cxperience in decisionmaking and thee compenents and
principles of decisionmaking which can be wefulty and meaning-
Tuliy leamed fram cxpencrce [47] [94]~|97 {1134 [116) .
Mulliatifibure wiility models based on the expocied wiility
theory of von Heumans and Morgenstern are considerably more
complen than those of fichuvioral decision theory. Often there are
el{oris 1o determine existence of various aniribule independence
conditions such as 10 validale use of g linear todel] of the form of
{3y or 2 multiplicative mode? of the farm

|+ "U["}=;ﬁ|[l + b 1w ()], ’i h=1. (3)
- J=

The foremost praponents of this a:proach are Keeney and Raiffa
[196]. There<wre many contribulions (0 this area and vardations of
the basic approacic[23). (281, [75) [$D). [127% [231), [277L (278}

[300], [30]. |302), {358 {399 [: is proposcd cxclusively a3 & -

normalive approach and has been sucocaslully used foc o varfety

of applicanions including proposal cvaluation {245, 1310], siting

pawer plants [1%7): and budpeling and planning [5Z], [1911
Moeun Vyrignoe—There are 2 number of models and assoc-

ated Jocision rules based upon mean-varanes (EV) models. -

Markowitz's portfolie (lkory, which is well summarized 1o, Libky
and Fishburn [214]) and Baron {26}, is based ia pin on e
assumplion of a quadratic utility function

Uisy=a+ 1+t . @

where the aamne states are attumed invartanl over all allernatives
such thal we have a quadralie programming problem in priodiiz-
ing alivmatives where -

E(0(e)) = £ p(a)00s)
E:

=a+ﬂ1~:[n,};+~;£{u§} o
=a+ s, +1fe? +al).

Coombs [85] (68] [135] has alwo been ooneerned with porifalio
theory amd assumes an optimun sk evel in the form of 3 singke
peaked riok preference funclion for every expevicd value level,
Gambies of equal expovied value ape judged on the basis of lower
«%, dance in the Markowitz” pordfofia theory and on she basis of
4 jativa from optinmam nsk level in Coombs’ porfolio theory,
Swohaite dominance convepts [124) are especially welul in

- a
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dealing with problems in the mean-variance rodcls of portfolie
theory. Unforiunatcly 23 has been showa by a pumber of authors
[124]. the resutis from using mean-vanance portfolio theory are
nol pecewanly eonsistent with roselty obiained [rom expected
utility theory. For example, §f the owicomes of decision a) are $10
with probabilily 0.5 and 320 with probability 0.5 and the oul-
come of docision a5 s 310 with probabiliny 1.0 then the EY rube
(B = §15. 0,3 = 55 (#,; = 310, oy = O} is indeterminate ln
that there is no parelo supcrior or dominance alicrnative in an
EVY scmie. Yel 2ny reasonsble perscn would prefer alternative a)
10 allémative a,. L T : -
Fishhurn }123} has considered 2 variation of the mean—varidnoe
modst which invelves concepls blued upen largel kevel of retura
or mpiraion kevel o reference level to deline the risk of aa
altergative. The “risk™ of aliernative g is determioed from (he
probability of reeciving a return net o eacced x, deacted Flx)
by . r - .

Ray= [ (- tdrte) = f1 (=)l

whare 1 i the Larget relumn, a is 2 nonncg:t::pmm:ur that bs -
used W indicate relative imporiance of devialions below larget
relure. For 0= o < 1 the decisionmy) o3 pomary eoncern s
lailure 1o achieve the 1arget with Hifle> cgacd o the sie of the
deviation, For a = | the declsionmakr+ It very concerned with
sizeable deviatiomy from tacgel and réatively unconcerned with
small devistions. 1o the former case the dechiormaker iy risk
seeking Jor loasss angd has a utilily function that is convex for
logses. In the tatter case thedecisionmaker is risk averse Jor losues
and has » utility funcuon that is conéave for losses,

In this model the mean rewrn (rom an allemative and s zisk
are the twe annbutes delermining preference. This model thud |
appears mugh similar 10 the siandard EY mbdel jn that a, > a, if
and only il k(a,) = p(e;) and B{a,) < R(e;) wilh et keasi ane
incqualily being valid. [n the c1ample pat considered, the mein
values ary a3 given previpusly and the risks av ’ .

o, - (<
R{a,) = {0.5(1 = 10)%, 16<rs20 .
0.5(s = 10)" + 03{r ~ 20)", wes -

! |1 .

. L

T4

Y
.

0. Fe 10 v
R(e:) = [(:— 0%, 1W<
Thus we 3ce that he risk j3 the 2ame, that ixzero, if 16 1 and s
we prefer ;. The risk associaled wilh a, is one hail that asson-
ated with @5 if the targét reium i8 betwren $10 and $20. The ik
aszocialed with &, is leas than thar associated with oy if ¢ > 20.
Arnd s, since pia} > gl oy ), we prefer a, regandiess of Lhe larget
return, Generally, as in this case, Fishbum's below-target model
will resolve ambiguilics essociated with Lhe standard meoo-
variance model, The decisionmaker is free 0 specily & and 1.
Thus this represents a rather useful dominance Lype dedision rule
Exicnsians of this rule Lo the case of multiatiibuie and muliple
objective preferemcss would have coatiderable vahoe, ;
Subjecrive Lhility Thean: A number of hesearchess have pro-
poscd helistic decision rules based on the shscrvation thal peo-
ple, in unaided situations, do pot typically perceive (ohjective)
probabilives such that the fundamenlal probability property
2o p = | is satishied. There presently exists several decision
siluation models based vpon a subjective utility theory in which
probabililes do nod aum 1o Onc. these are coriainly
equivalence - theory due to Handa [J44], subjectively weighted
pLilily theory due to Karmackar [138], | LES]; and prospect theory
due 1o Tversky and Kahneman !E4], [I83) Thare have been
several addilional studies invalving prospect theory including
those of Thaler [371), and 1)rhey and Schoemaker [152, (153}
Some of 1he loundations Jor these subjectve utilily theory ¢lfors
cao be found in the carly woek of Allais [1] who was among,
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[ to pote thal The Rormative expecied wiility approach of von
seumann and blofgensiern, and the subjective capecred wtillty
mwdifications, did rol percuanly describe aciual descriptive

chotce brhavar, Wre believe that these siudies e capecially -

relovant 1@ infomation svslen design and 30 semmarnize sekevant
fedurcs Lroom these eflects here. -

In ¢ertainty equivalence theory five axioms are assumed. We-

will use the term prospect of prospeet (s, ) 10 mean 1he oppor-

tunily 1o obtain outcome 1 with probability .P Sumply slaled,
IPI:SE arc a5 follows,

1} Preferences are governed only by utililics I.nd DO
Onc i1 indilferent beiween a oonsimple prospect and an
actuarially idemtical simple prospecl with g single event

2} Cnmpl-:lc ordering of prospecis js, possible nnd Lransilivity
of praspects cxists.

3) Continuily cxists such that if (s, P) > (1, ) > {5y, F,}
ihen ﬂu.;t exisls an a such that (13, Py) = far, B) + (4

= Wty, }

£} Indcp-cndcnc: exists such that if (5, PY ~ {x,, 10/, then
{8 Py~ (Zx,, 1) where 5 and P orepresent wecion ol
outcomes and probablhut:: s,and P,

5) Enhanced prospects are prcl‘::rcd il and orly I a basic
_prospeci is preferred. Thos (85, P)) *(ﬁ;,,?ﬂ"n"ﬁ:ﬂ-ﬂ i
and only if (1), Py) ® {15, Py).

These axoms are sulficienm 10 insure that the :ul:umuw utilily
function of aliernative a,, CE{a,) = CE[sia,). Pla;)] =
U{s', P, is linear in 5, and of the form .

vlx. g = jE (my = o)

Axsomy |, 4, mdﬁuwﬂrpuu:cﬂxma)wch;u;nfmﬂwm
Neumann- Morp-ns:t:m Duoms. ) appears upduly festrictive le
r:quu: that the wility function be lincar in the ouicome and Lhis
is reason enough o warran the developmeni of & mose rnbu:t
!

Fuhbum (135}, hmwr. has shown that ecriainly cqmvalcm::
theory must reduce 10 the expected value madel, U(r, £) = Py
E}.,w{?} = 1. Thiz ocenrs becayse of the requirement that ooe
ot be indilferent bejwern a nonsiniple prospect and an acuan-
ally equivalent simphe prospect To insure this for the two ow-
tome rasse, for Lhe seoeral acluamally equivalesl two oulcome
prospects of Fig 5. requires that w{) + wil — P} = 1., This

“cerlainty musl be viewed ay another limilation of this certainiy
equivalence theory and indicates the considerable care that mun
be exercised in modilying Lhe batie utidity theory axioms

The subjective weighted uiility moded yu-lds for the § WU of
aliemative o,

FwiHa,} = Jgru{};{n,}]l.l’[ﬁ[a'}]- C ‘{ﬁ}

where the ;uhj&c:iw weighted probabilitics are

W[F{ﬂj].' M ‘ _{1‘} - -

Ef[r{all

Mthuuyi ] 'I"I.ﬂﬂ]f of probabiliny uﬂ;hun; funclbom are pasn-
ble, Karmarkar |185) [189] praposcs use of a Jog normal function

‘“.(T{_f] = ai( 125 )

P
'Fox the & putcome casc we wowld hive I'_,u—u‘ b= i and we sce that
'hl-‘ﬂnl}‘ grmcral -1!‘1 trat will insure’ chis is ALY

'
P

-

Ly

TS E—
o R L I
Fig 3. Two e tearially equivalent prosperis
or -
. p
 — 9

where 0 < 2 « 1. This 11 formation of probabifities s suets that
Jarge probobilitics are unduisialed gnd small probabililies ower-
siated, Karmarkar cmph-aizes that the probability  weight-
Ing Tunchion dots not rop- &nl a3 probability perecplion 1lven-
emenon bul pepresents o vias in the way in which {objecuive).
probabilitics aee descripls -y incorporated ino the evaluation,
pricditization, and choice.  king process In this model, the final
weighled probabilitics d; -um 10 ooe in sccordance with the,
convwinlional subjective - r'c'lrd utility theary, However, the
expression ior any nofl Jndhﬁ;ht wiPia)] is utua]ly 'l
Tunciion of the value of ri  :her probabilities as.seen in (7). The
eflects of this cealoundin: - influence remain (o be investigared,
. The considerably me sophisticaled prospeet theory of
Twersky and Kahneman | i), [185], contains a number of maod-
" ifcations 10 expecied W™ . theory. Proapect theory consists of
an editing phasc involvin  raming of contingencics, aliematives,
and oulcomes, followed | - an cvalustion phase. Thete modify
subjective expected vtilt theory such as 1o enhance wusided
descriptive realism of the . wory

1} In the editing phas . the decision situntion Is reces| _intu i
rumber of simpler ‘itustions in order (0 make the evalua.
tinn task simpler fon the choicemaker. The taks in cditing
are very mch depeadent on dhe contingency' s\ ation at .
ha.nd and cffer prasibilities lor coding, eombining, .cgregu-
ing, cancelling, and detection of dominance.

2) Yalue Tunctions are devoid of risk autitwde and a:, umqu:

* only up \o positive ratio iransformalions. _

B Cuicomes are expressed as positive or m;au*vc t‘mlunm
fram a refercaee o nominal outcome which is 2 vigned &
vahue of zore. Thus value thanges represcot chang, 4 in asact
pasition. Positive and negalive values are trested o tlerently |

" with the typical value funciion being an S-shaped curve that
is convex below the reference point and concave- sbove fu

.. Displeasure with loss is typically greater thai’ pl:uun'.

- assorialed with the same gain,

4) Probability weights n[ﬂnj] refleet an’ uncertaif orutmm:
contrbulion 1o the afiractiveness of # proect. As in SHLS

.+ theary, high probahilitics are uaderweighivd and low onca

; averwvighicd. The following arc nmnn; lhr prupcmu of lhr.r
probability weighting function. —

" a) True al extremes wil) = 0, wil}= | - -
b} Subadditive at Jow P w{aP) > an{P)O<a ., -~
€) Overweighted forsmall powi{p)=p. px | "

¢} Underweighsed Ide large &, --(P: <P P20

£) 5ubctrtmnu{p}+n1t- =i .o
l] Suhpmpnnmn.ﬂ u*[a.-"}f--{?] < u-{nﬁ?}f-{ﬂ}‘; 0 =
ca, ff, el - LA

5} Lhc vatue of & prmprcl t:. P]l ™ ir,. P;} + {1,, P.IJ is ;Iv.m

0 VL P = o000+ PNs0D = osdl (0
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for sirictly positive prospects in which P, + P, = 1 and Thaler [IM] :Inminul..l mumber af the tencts of prospect

£ > 1y > 0, or sActly negative prospects ln “which & + theory with generally very pasitive confinming reaults. Addilional
Mel <<y comawnts comeming \he scminal prospect thoory oppear in a -
b) s, Py = wiPui5} + w{Piolsy) '[”1 previous aunTy in these tranaactions [MM] including the obscrva-

. . tion that a number of the mulls of prospeetr theory, which are
. for l"tg,ula.r'prmpcﬂi which are prospects that are neither scvmningly at variance with cxperied ulilily theory, €an be accom- .
wncily pasitive par siniclly negative in that eithee Py + Py pinied succoslully wsing maltiphe altebuié utilily theocy.
w | and/or via)) and v(s;) are of oppasile sgn” Earcnsions of prospect theery 16 include mulliple attrhute
. In no sense is praspect theory pencd as 3 normative theory of preferonces, large nember of oulcomes, scquential multistage
how peoply nhnuil‘d make decivions. The cditing or fr:u.rrﬁr:gr of decivionmaking, risk sversion cocflicicnts, and ’“?Jm“':! proba-
contingencies, alidrnative ocls, and aucomss is siinilar 1o the ::";-"l' :ch:: :;‘“ﬂ‘:“d"y“;‘:]" L‘:E';:f‘:::’ “I‘:I’ :li?;:i? c;:;?g
Inrmulation stcp af the Iiems provess [ is in this fornung v
phaw that l.hc?nntin;:ncy lask structure and decision situation . Poesilive or descriplive decision behavior, Thi might well be of -
model ace, in clect, larmed. For caample, in & population of one  MOCh Rormative use 2 well -
million people where black lung discase might kil 1o thousand 2 )
people, pessible forms are . Hewrisic Decizion Rufer . ro.

Form P —Alsernative a, will tave 500 people whereas if alter- A nuwmber of dedision ndes de nol nvolve cmnp:tr'lm ne”
native &, is adoptal chere is 2 0.25 probability of  true helistic fashion. Rather they invalve compansens of one
saving 2000 peopl: and 2 0.75 probability of not  allermative with another, generally witlin a ealricled alternative
saving anyoae. . s¢l and annbute sl Within she heurislie ¢lazy of decision rules

Form 2—Aliernative o, will result ja death of 1500 people  We may distnguish those which contpare alternatives againsi
whereas aliermative o, will resull in 8 0,28 probability  some siandard by ancans of conjunctf.c or disjunclive compari-
thal no onc »il) dic and a 0,75 probability that 2000 sons, thase which compare slicrati.cf acrosy aunbuics, and
people will die. those which make cown parisons withir attribu:u. Generally, thess

S  ru'es an reseh, when improperly applied, in intransitive choices
These wo forms are scally the same, yel many people will |289). We will consider several rulea [rom each subcategary. First
inwrpret them dilferendly, The «diting or forming phase of ple-  wo wlll discuss two rongompensatory rules [90] that are often
spect theory allaws diffcrent iarerprelations and thus makes  yend whey there is an overabundonce of data present.
pravision for differenl rvaluation of resuls in terms af alizrnative Disjunrrive—A disjunclive decision tule is one Lo which (he
lormulations of the same isade. . decisionmaker identifies minimally sceeptable value standards

Prospecy theary is especially wble 1o cope with certaimty offects  Jor each selevant auribure, Alleratives ahich pass the critical

in wh:ich‘ people owrmg't;ht OISO considered ¢ertain com- Handud on one or mare allfibules eré retained. Allernalives
pared ®ith those conudored wnly highly probable; refection  which fall tbelow the critical siandards on afl stteibules are
effecis in which prelerenont as feversed when Lwo positively ¢liminated. A single slternatve is sccepted when he critical
valued eulcomes aze replaced by two m_:;nuvc!y valoed putcomes;  gapdped nne s soch that all bul one alternative fail to cxoced
and irolation rffffl.‘l' in which p-".‘PI’C‘ dl.Sl'L‘g.'l.rd Cominon oulcome any of the cnt“:ﬁl standards on ROy aknbuley, Unh_kl: mulLial-
componcnts shared by owicent « and fecus only on compancels  ribyje wility theory {MAUT) rules, where poor peclformance an,
. that distinguish allernatives. K: ‘ineman and Tveraky have estab-  gae autribute can be made up by good performance on other
lisHed an axiomatic bass fer riespect theory {124] for the tw0  gidbuies guch that the rule ks compensatory, s disjuactive dods

Ouleome £33 . sion ruk: iy Ponconpensatory. A compensatory approximation 1o

- In 8 recent study invelvin: prospeet thoory, Hemhey and dI!-jUDCI.I'H: dm? mkm}g altrbules ,fh ) o
Schocmakicr [L52}) question the generality of the refiection by- R
pothesis of prospect theory whe<h staces that asymmetric prefer-. . -
ences are found when comparting gain prospects with Yoss pro- + . . U E 7R {'1}"
specis. They introcluce four Lypus of refectivily dcptmfm; ppon " T, =] (l + ..1) n, -
whether subjects choose posilive prospect { 5y, £;) or the noninfe- -

rior prospect (2., Pu). and whetlicr they chooss negative prospect T . ] . .
(—x. Plor{—s;, P) Across suhjcﬂ,:md ni:hin-suhjeft rcllee-  where m represcnis the nwmber of Hmhmﬂ and ¢, is the eritical
Livity are cxamincd in terms of whether subjects do or do not  ¥alucon the fth attribute. If Lfi3 greater than one, the altcroative
choose nd do or do bol swilch from zale 10 Asky prospects i Guedlion B3 retained. . .
They ¢onclude that predictions of prospoct Iheoly cocorning  Coqancrioe—A conjunclive decision rule is ooe in which
refleciivity depend upon the 5'ze of probshilities. For P large mmn.m:dl;: accepiable va.]uc standards for r,ar.h relevani altnbuie
enough 10 insure underweighting of probabilitics, it appears thar  are ientificd. Allernatives ar¢ zeccplable il they exeeed all
the refleetivity hypathesis i quile valid, For smaller values of £,  Minimum standards. They are rejected if l.h:y fai! 1o exoced any
teflecnivity is neither predicled nor excluded Jrom the resulls of  Minimum stundard. The critica values for disjunclive and con-

Hershey and Schoemalker. Jjunctive rules are generally different. A compensatory npprommr
In another study Hemshoy and Schoemaker {153] examine 108 10 the noncompensatory conjuective deviion rule ls :‘

prefesences for hasic fnsurance doss loteries and show Lhat risk - o

taking is prevalent in the donisia of kosses. They supgest & urility s ou=1]] o>, (L)

unction ®hich is concave lor low kascs and coovex for largey

oncs. They indicate a conteat Sliect in which vadom insurance : -
formulations lead 10 more rish aveese behavier than for s1asisti- '
cally equivalent gambling fornularions. Theis conclusion that  An alternailve is relained if the enrrcsponding uelity Ui: l.bovcl
probabililics and oulcomes may be of ios ;l.lld.mq:c ininflucacing  threshpld which is set jus :.I.L;hthf below 1. Theseppraaimalions
dm.uan behavior as uneeriainties eoncerning their magnitude  for the disjunctive and conjunclive rulcs becone noncompensd-

- e, sirengihens conjegtines coneeming The influcnoe of con- - tory as's, approachcs infinity.. T .

4 %t and perceprions of docisic. mualsun srustural m-ndcls upon  © Dy iltmtm; through 1he conjunelive acceptanee and disjune-’

wocidvon resolte. - . live rejectina nule several times with adjestable eritical valoes o
£ . ' . . . T

. - . - ' [
- [ . B n LI
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aspiration bevels, these rules bécome, in effect, forms of satisfiving
e, - . .

Dapinance moafels and addivive difference modely'are two
evampls of modch which Icad 1o dechion rules involving com-
parison acraw anme. but ‘not ecekearily all, aluibuies, No
minimtn standard of perfosmance on atinbueies, that i (o say
niminmm a»pects. are ideniified, ) .

Domiinaner— & dontinanee decisdon Mle is one which chooucs
alternative o, ouxr gy il o, T hetter than a; on al Teast ong aspect
and nol worse than ary on any sher axpecl. An aspect ir the scone
of & specific atiention on a specific auribute. There are a number
of applications of dominawe 1 i+ indwting stochaalic Sami-
pance, W decironnuking sitwatieons 133} 154] |75, [134], [358L
]}

Adddirive ihfference—!n an additive differcnce rule [I82]-1385),
a binary choire is made belween dlematives o and a8, 14
ferences are considered between values for ) and a; on cach
sclevant atibaig, Diffeiconecs of the Toem L(a)) = U(a,) arc
compuled. Each of the dilfercnees is weighted in proportica 1o
the importance of the dillerences between allematives on 1he
varioos attribuics. The resulting weight is f18{a,) = Ula,)l
Alicrnative | is preferred to aliernative 2 andy i

élﬂlﬂ.'{ﬂ.) - Ula)] >0
i= r

- .

4

This is 3 eompensglory Tule and can be used o compare eny
aumber of alermatives morely by ecizining the winper in ecach
comparison ]372L Oaly il ke fupclons f are Entar will the
pdditive dilference rule novessarly lead 10 irangitive choices

A third imporiam  subcaicgorizalion iovehes comparison
wilhin attnibutes, There are a vanay of lexicographic procedures
211 and the cdimination by aspoets rule (381, [383} which
eaplicily imvoive comparison of alicmatives no one, or 31 mosl a
few, #tinbulcs, -

Lexicogruphic Decition Rule: This nule prescribes a choice of
ihe alicrmative which is meost atiractive on the ment fmportam

aursbute [F rwa aspects on this uiribule arc equally stiraclive, -

the derision will be based npon the most aztractive aspers on the
atinbule next in arder of impanaace, cle -

Afininuny Ihfference Lexicopraphic Rule: This rule i much ke

the lexicographic rule, with 1he additioral assumption that for
each ateribule there is & mininwlin scceprable difference 4, of,
aligrmative scores. Thus, only differences grealer than 3, belween
the atracwvencss values of two sliematives may determine 3
dectsion. I the diffen e om the ot imporzant atiribuie is loss
than &,, thon' the av-nbule nexn 33 the lexicographic ofder is
considered. The leai-Sgraphic semiorder rule is 2 special case of
_this decision rute where 3, is defined only for ihe mest important
anrbue. For all ather anrboes 3.5 &-This procedure may
-casily be extended 1o cases wherp Thea 32 defingd For the 1wp
.. mast amporiant apects This nyfe $-iftn used in situations
_-where ipformation about.airfues Jeeinsdng 2 a2 sull of
inperfect Jeanmination among Wl IEitea on 3 given aniribole
or of unrclishilits ofavailable information Te-general this rule
keads to intransive <hdives wheththere aic inore than o
aliernatives. 1L may even ted W agendd Bependent sesults for the
¢ase where there are only three ollemasive, One should be
especially carcful 16 examine eelations used far ordering aticrna-

lives tn 2tcmpt o deled use of houristios such 20 this, epecially

. if cuncepts sbeh 2 Lransitvity arg usd. perhaps inferenially, 10
deternune parial poderings, This suppests the noed fod wperial
care when aucmpting 1o use (Fansitis iy concepts (o infer ordinal
prefereners. The resulling lailure sn seck disconfirming inforina-
tinn may well coeale strucioral prefercace illusions,

Einhogn |96). [97] firal uwses the lenn “owicome jrrelevant
lvarning struciure™ o doscribe proceases which used deficieny
heoristics, and which then ronfuncrs poor chedces theaugh eaperi-
vhves invohing feedback and Tk of diswomlimiing ovidonece.

Z .

6 /.3 .35 3
- . [ o i
These outconwe irrckevant caming structures (OILS) m™ eesull
ehher from unaided judgmenl proveyses or Trom poorly ¢« eeived
ar passibly well conecived but improperly wtilized, and Jhercfone

irrclevant, syslemnie methods oF processcs. .
The Maxinuzing Nunther of Atiribges in Grogter ANFchrenex
Rude; This rube preacaibes a chowe of e afternative that has the
greater nunsber of favorable anributes Spevifically the rule re
quires that the aspect of a division alternative must be clazsified
for each suribule as betler, cqual, or worse than the auractive
pess of the aiher allernative on that annbute. The preferred
alicmative will be that which has the grealest pumber of favoea-

ble dassificatinn, :
Edingoation b Azpeert: In this rule [288), |MEL] strbotes ar
assumed Lo have dilferent importance weights. An atisihote i3
selcened with which 1o compare alicmatives with 3 probability
that is properiional 1o jis weight. Allcmatives which do nat have
aliribule scpres above some apirafion or eorilical Tevel are
climinaicd. A sccond atirbuie is sclecied with probabilicy pro-
poriianal 1o ity weight and cvalualion by climinalion conlinbes
The climination by aspeers medel is thus seen 10 be 3 kexico-
graphic ole in which decsion-forming atiribules are picked

according to a probabilinie mechonism .-

Wholistic Decision Rules

It is not possible 1y provide anywbete near n complete Listing
or discussion of the many possible whelistic decision rules. Three
of these wholislic fudgment processes occur pethaps more Ire-
quertly than others: slandatd operating precedures, inluitive
alfect, and masening by arslogy. 3

Siandard Operating Procedures: Standard operating proccdwes
may resull from the 2pplication of bolistie or heuristic proce
dures, or oiher whelistic judgment appraaches. A standard oper-
ating proccdure is essentiatly what the name imnplies, a set of
expericnce-based guides 10 behawpr which “are 1ypically used
without resort 10 the undeslying ratomale which ked to the
procedure. Ofien standard operating procedures are formulared
by ot person of groop and then implemenied by anoiher peyion
or group. Semectimes they iuvolve habit of folk cusiom, such &
“drink whitc wine with fish,” .

Ofien user's puides and operating’ manuals are wrilien in
attemply 10 etundardize operaling procedures for performance,
The presicsivalie of these procedures is s a checklist, seminder.
or opiions, profile of anrbutes 1o look for, judgmenls to make or
activities Lo schect o perform A fundamenial ofien occurring
difficulty i3 thal an expert may be zble 10 we a checklist or
profite of opiions 25 a guide 10 performance baaed cpen the
absility of the epert 1o quickly recogrize the feaiees inherenl in
e sitwation. Luck of wraining and experience will oflen make il
net1 possible (o the novice w utilize this capacity, for lask need
recopnition. Klein and Welzenfeld |202], [230] pose that the iack
of Iraining and experience inhercnl in the povicr. the associated
lack of zbility lo rocogize contextual relations and analogous
siuations, and the inability of guides w0 be shle 10 teach ths
abilily are all Tendamentsl impediments 10 the use of many
standard operating procodure Lype guides o Judgnsent and per-
ormanee,

4 L4

furanice Affect : Lot

="

A peion who makes judgments based oa intuitive affect
wypically 1akes in infemnation by looking 21 the “whale™ of 3
situation rather than by diaaggregating the silation inlo its.
componeat paFs and acquiting data on the pans. Valuaien is
typically baed on an atlempt 1o determine whether aliematives
are pleasant or unpleasant, likcable o ualikeahle, good or had
for individuals. I siressed 1he uniquencss of penonalistic value
judpnent Zajone (11} prownts 2 very uaslul discission of
alfect orfocling & posicognitive aclivity. )
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Reasoning by Analogy

Many philasnphers of acicnee claits reasoning by analogy [33],
J1305 {388 is the basis of hypothesis generation 11 is fumda-
mentally dilferenl than deductive inference o induetive infer-
coce-bawed reasoning. In enzlogic reasoning we wxe analopes,
protoiypes, oF other paradigma with which we are familiar 10
puide us in Row tasks These cxcmplzm encourage recognilion in
a preseht siluadon [n terms e cxperientizlly based know ledge.

Noubllessly analogic reasoning, o3 wrlt as reasening by inwi-

.vive alfect ond slandard vperating proccdures, are each heavily
inftucowed hy 1he contingracy sruiure of the 1azk al hard aed
the covirnnment. These are the judgowal processes uwd by many
in reaching deciioms. We will contment fusther in Sectiona ¥ and
VY[ upon whalistic judgment and iw rolc |31), 152], (98], |1 16§-1 119,
1207, 1203 in choicemaking,.

In this section we have examined a number of decision rules,
We have discussed holisiie, heorsiie, and wholisiie nules. The
holistic models or rules are genctally substanlive and nol neos-
sarily process moslels. They may be proscripiive or descriptive in
inent and wwe. The heusistic and wholisiic models are roore
process onented than the heunstic models. Tn unaided sivations

-people penefally do ool kave the engnilive siamina 1o ulilize the
halictic rulcs of may not sense a noed for them even if they could
utitize thent. A varicty of contemperary research [27)]+]275] has
prescaied 1he strongest of evidence thal chodce of decision mules i
very task dependen! end aclual chedoss may vary appreciably
acrons diffcrent interpretations of (be same decision rilualiors
Preference revessals have ¢ven Leen soled with transtation of
gamblks and 1arger o tumn, reference poinl, of aspiratioa levd
¢lfeets. Phenomena such as these have recently been siudied [274)
end shown 10 be polentially expl Jinable by a descnplive model of
risky chaice due 1o Fishbuen [12%] and by prospect theary.

We acie thal people use differ oni decision rules and models at
different phases of o decision provess as a function of a number
of influencing variabies, such ¢, edueation, cxpedener, moliva-
tion, familiary with the envirenment, and above afl, stress.
Ewzicai (103} [104) has propow ¢ a mixed xaaning model of
dedsionmaking thal forms the b. ris for some current sesctrch in
infermation systeins for plarniny and decision support [13]. [76),
{245), [399]. Ther; are a aumbir of conlemporary eiforts and
approaches Lthal suppan the desizn of systenue ads thay will be
more rospofdive 1o dechiionmah ot roquirements, i

Klanmuonwz [93}; Hegarth and Makedakis 15611 Huber [1568)
Jungerman [131], Kicinmusr apd Kleinmutr [204] Tad {203),
Libby [243), Moalgamery and S« enson [2561 Payne {2T11-{275),
Pousc (299} Svenson {364], [163) Thomgate {172), Toda [373)-
1375]. Tveraky and Sawtagh [324], Tweney of af. [387], Vick {192]
|393). Wallaten [395], | 396). Effor:s which coneern the nicgraticn

of descriplive and preseripiive components of decisipamaking

1142]. 3071, [322]. [321): ellons which conern delgrmindtion of
cognitive choioe models in realistic sceings 22, (B8], (157L [158],
I354). [A25]: ellorts which invol ¢ Ioemulation and structuring of

decision situations (1), [247), |248], (255}, [265]. |288], [287), |300),

{301}, [303). |153), [397); and cffuris which invalve the cogaitive
ffort invplved in decisionmaking [180), [328), may offer much
promise as well,
1
V. ConxTiNaENCY Tasy StmucTure Moy

The designer of inlarmalion systcma for planping and Jecision
support misl be concerned bath with normalive modets of deci-
sion and choice processz and w.ith deseriplive models of how
people perform, and can perfonin, in given sitoations, Thus our
discussions of information proce;sing and decision or evaleation
tule sclection fn the proviows tveo sctons ake on panicular
i?' ming in thal they comnwnt wa the wide variely of prssible

'

L | ]
4

. - L]
LLEE THAMSACTIONS O BYETY A, MAN, AND CYRERNETICY, wior, SMC-11, wo, 9. serTesan 1911 ;

" others .

i im- .
poriant in this regard are the f(c-ris of Exnhorn, Kicinmuntz, and |

“aviors. We will be csperially concemed, in this section, with

deseribing epgnilive processes as they are influenced by the
conlingency structural clemenis of task, cnviropment and the
heman problem solver's experience with these, Theree have been a
limited pumber of cffori 1o describe these such &3 those by Allads
and 1lagen [IL Beach and Mitchell [32) Newgida and Nisbett [42],
Broadbent (49], DBunn |3} Carrol |56k Preyfus and Dreyla
[K2]. Linbom [96], [97). Binhom =nd EHogarih. [9%]. Haranyl

* {147}, Hauser [145), Howclt and Fieishman [165) Hobker [168],

Tanis ond Mann [176], [177), Jungerman [182], Klcin [202], (203],
Klciamuiz and Kivinmulz (204), Kunructher and Schoemaker
(207, hacKinnon and Wearing [213) Mortprmery and Svienson
[256]. Payme §272], [275). Sage |303]. Simon {334) |340) [MIL
1343), Suwlbeeg §353) and Wallyien [3951 {3%] This is an arcaia
which addilional rescarch could pay myor dividends in ulti-
maiely increasing the effectiveness of information systerns in
coping with the conlingency task structare varables in planning
and decision support )

The contingency task sreuciure madel we first deseribe iy
related 1o Piagel's theory of inlelleciual dovelopmeny [43], [128],
[13%], [205] | 2621 [352]. Afier & description of this modc? | J0R] weé

Jindicate implications lor informatian sysiem disiga and the rela.

taonship of 1his model lo models thy® have been proposed by
: t

[nsighis inle the rolure of cognitiv “development and insighta

* into a coneeplual model of pognitive' Jetivity i containcd in the

works ¢f Piaget, the lounder of “genctic cpisiemology.™ Accond- |
ing 10 Piaget, there arc faur stages of inlelleciual development:

1) scntory molor
) preapetational
3) conerete operalonal
4) Tormal operalionol

"The last \wo of Lhese are of particutar impovisnce o our cllorts

here, In the writings of Piaget, intclloctual developmenl is seen as
a lunction ol four varisbles: - JE

1y materation

2y experience

1 cducation

43 sell regulalion—a process of awntal struggle with dizcom-
furing information ontl identification of a salisfactory
mental eonmitruction allows intrllocival growth or karming,

In Piagers model of intelerrual developmoent concrete operar
lional thinkers can deal logically with empirical data, manipulate
syrebols, and orpanize facts towands the 3olution of well struc
tered and petsonally [amiliar problems. Formal operational
thinkers can ¢ope in this fashion also. A major difference, how.
over, 18 thal these concrele thinkers who are nol also capable of
formal thought tack the capanity ta reason hypothesicslly and 1o
considur the eflect of ditlerent variables or possibililics outside of
penrenal expencnce. Congrie operatienal thinkens, for instance,
will often hawe difficully in responding “irue” or “falxe™ W the
slatemenl, “Hx is ™ equal 10 three plus fowr”™ As another
example: “A card has & number on one side and a keller on The
other; sl Lhe hypothesis that 8 card with n vowel on one side
will have an #ven aumhber on the olher side™ Coneyele opera-
tional thinkers will have difficutty seecting eards for bollom side
cxamination if the 1op sides of four cords are & b, 2, 3. However,
[ailure 10 pick the cards with “a™ and 3 on top may nol indicale
ingbility as a formal operationz] thinker bul, rather, failure k2
propedy disgnost the task and determine the need for formal
opcratioaal Phought, . -

We wish 1o develep a model of highes order cognilive proces:
ing thal describes the matuer adult decisionmakar, Such a Je
cisionmaker will typically be capable of both farmal and conciie
opetational thoughl, As we will argue, scloction of 2 fermal o
concrele eognilive process will depend upen the decisioamak ers
diagnesis of noed with sespect 1o a particular task, That noed will
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: . " Fig. b Leamning through formal operstional éxporicnces: *

dcpcnd upen a decisionmaker's maturity, exp: icnce, and educa-
ton with respect to a particular problem. Each of these influence
cognilive strain or sieess, o subject that will be discussed laler in
this section. Ordinarily, & devisianmaker will prefer 2 concrcie
operaliona! thought process snd will make nse of o formal
operalionat ihoughl process only when coocrrle operational
houpht is poictived inzpproprizie. o gencral, & coneroie opora-
tional thought process invelves dew siress and may well involve

- repetitive and previcusly learned behavioral panerns. Famdliarity

.

- and experignce, with the issuc at hand or with jssues perceived (o

bt similar or analogous, play a vita] rele in concreie operational
though!. In novel situations, which gre unsinitured and wher
new learning is sequired, formal operationat ihought is is typically
more appropriale than concreie operational thought,

We see, ia the foregodng discussion, the deminani role of the

. contingency sk struciure in goiding problem solving efforls. In

concreie eperational thought, poaple use mnc'cpu uluch

I} are drawn directly from their personal npcncntcs )
2] involve clemeniary tlawificglion and generalization cons
. ecrning langible and familiar obyects,
]] invelve direct cawse and effect relationships, lmrﬂh in
* " simple Weo-vanable dipations:
4) can be lavghi or undersiond by analogy, algorishms, affect,
-slandard operating palicy, or secipe; and which
5) are “closed™ in the sense of nol demanding exploralion of
‘possibilities ontside the known environnierl of the persen
-and staled data '

_In Inn'ua: operational thought, p-eoplc use'¢ concepHs u+uch may

L} bc mu;.incd hypothelical, baswd on atemative mnanus.
. and/for which may be conirary Lo fact;

-2) be “apen caded” in the wnse ol requiring speculation nbuut

" unaated possibilitics,

3) require deduciive reasoning “vsing unverificd nnd perhaps
Nowed hypolheses,

4] sequise delinition by means of other coneeply or absirac-
tiens 1hal may have Linle or no obvdous corrclation with
contemporary yeakity, and which may

5) reyuire the identification and’ atrucluring of mlcrmtdmt:
"eoncepls nol inilially specified.

P

. . -1 .
Formal operational thouph igeolves three principal stages:
1) reversal of realities 2ad possibilities

1) hypdthcllco-d:dut‘.‘ln: m.s.mun;
3) operalions on aperalons

a3 shown in Fig 6. These are accomplished through reflective
obscrvation, abstract conrplualization, and the 1esling of Lhe

resulling eoncept implications in now diuations. 11 is in this wey'

thal the divergence produced by discomloring new capericnoes
allows the Jearning ef new developments and concepis 1o be

“stored” in methory as pant oleonc's nmmﬂc operational l:xpm-
CIEy.

Section LI have roocluded that “abstract™ decisionniskers wre
more information oricnied and would 1ypically procos much
inflormation in comples decition environuments. “Convrewc™ sie-
cisionmakers, on (ke ether hand, could be expected 10 1cach an
information overlonded stz at lower kvels of ewvirominenta
complesity; hence they would 1end 10 process less inf: imalien
than would the absiract decisionmaker. Some models of . gnitive
style are based on the assumplion that “eonereie™ dogisio vmakers
need mode information W arfve a1 a decision than do * Y araat”
decisionmakers, suggesting that “concrete” decisionma’ ors do

nol give existing imformation its full worth and more are p-one Lo

fits of skeplicism than “abstract™ decisionmakers. Al fisst glance,
r.ngmuw siyle modcls such &y the one suggested here appear o
run in parallel 1 Piaget’s concepis of concrele opcrational and
Joemal operationzl thought: But there are very imponam and
very significant dilferences These are nphr::hh through the
contingency task structusr and concept of sk, enviranment. and
decisionmaker, 2 concept that appears, with some natable exeep-
lions, missing in much of the :msun; cognilive siyle rescarch
ciled in Seclicn 11,

The eonersie operational thinker doc: not necessarily have
limiled sbilitics 1o process or integrate information, and the
“formal” operational thinker is noL pecrasasily capable of “ab-
stract” thought in the specific contingoney stuation al band. The
focmal thinker is acither necessarily able to process information
which encompalscs more complexity ROF better able 1o cope with
uncertainty and disjointedness in 1he decision environment 1han
is one wha uses concreve operational thought in a given decisinn

A nudiber of the mpuuu siyle mmupm dm‘ms:d i
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situalion. Qur contingency lask structural model for e malure,
perhaps cupert, adult decisionmaker i one in which the de-
cisionmaker may use formal or concrele operational thought
bard primarily on diagmosis of the contingency struciure of the
decixion situation, and the streas 1hat s perccived (o be aoi-
aled with the decision situation. This clection of 3 formal or
comerete operational mode of thoughl may be spproprizie or
inaphropriase. . e

Svslemic process design miust be espamive o the observation
that there are twa Mindamencalty dilferen) thought o cognition
processcs. These are ofien aasociated with different halva of the

brain 3R], (6T [120]. | 246~ 48], (2H]. [410}. One type of thought-
proess is Jesenbed by the adjeclives verbal, logical, sequenced,.

thinking, and analytical; whereas the second i dowenibed sy
nonverbal, intuitive, whalistic, fecling. ond heusistic, The verhal
process s Lypically viewed as superior in engineering and nasoral
suvience. Dut this vicwpaoint on the nature of thought appean
wroag and Should be discouraged as positively harmivl, For the
wo processes are complementary aed compatible. They are not
compliive and incompatibke in any meaninglul way. One
thought process may be deficiend, in fact, il it is not supparted by
the other, The nooverbal supponts the verhal by suggesting ideas,
alierpatives, ‘eic, The verbal sueppors lhe nonterbal by -
pressing, alructunng, analyzing, and validaling he croative ideas
that eecur in the nonverbal process, An appsopriaie planning and
decision suppont procoss must provide for verbad and noaverbad
support. An appropriale planning and decision support process
musl be 1olerant and wuppertive of 1 dechaionmaker's cognilive
(ihoughiy processes. These will ypically vary across individuals
and within the samg individual as a funciion of the envirenment,
the individual's previous expesence with the environment, and
thare asocialed [axctors which introdice varying amounts of
stress. Thes a conlingeacy 13k stroctural viow of individuals and
organizalions in decision siluataans ix needed a3 contrasied with &
stercolypical view in which individuals ant assumed to process
faed, static, and wnchanging cognitive characicrisiics which ane
uninfuenced by environmental considesalions

This view will encourage us not caly 10 consider the evolution
of Tuture events over lime as itherently probebilistic, bul also 10
consider value change over lime. It i especially Importam that
 we consder values a8 containing noncimAK Rsurate, ambiguous,
and uncertlis components, ralhér than as being absolule, cone
sisiend, precise, and exogenous with respeet 1o choice [135], [238)

Typically we learn [ron eapencnes and adopt vanoys decision
rules in the form of cognitive hewristics based upon this experi-
ence. The nirengih of belicl that we have in the ustfulnesa of
heprislics is ofien based pa ranforcement through fecdback.
Einhorn [96L. [97] has deseribed soveral suppocting iusirations of
this. As we have indivatcd in Secion 1V. The wse of varkows Iypes
of leaicngmphic semiorders ofen lead 10 inteansitive, choices
which are often pot secognized as intransitive, We olica deline
issucs by ‘conlent rather than slruciure and conviace ourscives 1o
like what we get from a devision. As a consequence we find i1
hard 1o separate decisions {roen cutcomes in relrspoctive evalua-
tions of our judgments Much of 1his i probably due to changing
our autitudes and cur perceptions In a very socclive way withoun
being uware of the change and to chunging cur forccasts, wirp-
spectively, o correspond 1o events that have occurred withoat
revogniging 1his change [117]-1319). Thus we adopl a hisdsight or
“knew it all along” bias influcoced by 3 variety of highly seleetive
porcepions of reafiny,

We are mexst Tkelv (o have celercal value preferences and-are
able 1o Jerclop and uiilize appeopriate vvatuativn heuristics in
well-imciured sitaationas with shich we are Gamiliar, Learning by
sl and error and develupriczl of judgment based on either
reasening hy analopy, standard cperating provedures, or organi-
rational rules typically resulis F:om e “conerele pperational™
sitwalivons amd expericoees Loeg sianding use of thoe “rules™
renlis in purly affeciive pudgocn and Jecision responses. [n s

familiar and siemple workd, 3 “concrete operational™ world, theie
Judprem puldcs and judgrent bewristion might*wel! be, and in
fac1 olien are, quite svovplable. In 3 changing and pnccriain
envircament,’ an emvironment that is different from the onc with
which we aet familiar, w¢ may well e comiderably by using
these conergle operational workd appropriate fudgmont heuristics,
If we do not have a develaped set of eoherent values relalive 10 8
changing enviennment, we may respond affeciively with the first
alizmalive oplica thal comes o mind. We may well adopl
postdecisinn behavior such as 1o suppon amd maintain 3 chosen
roponse and casploy copnitive bixes and ogaitive heuristics 12
Justify his paleniatly fichosen moponre, This resulls i an
allective rexponse appropriale [or acconercty operational™ situs.
lion when an analylical response. approprizte for a “lormal
operational™ silnastion, is needed. 1n the Janis and Mann [177)
wrminlogy w¢ adopl a coping pattem based on unconficied
adherence or unconflicicd change wherras vigilance is called for,

A serious problem in practice is that we grt wsed 10 very simple

heuristics that are appropriate for “concrete operational™ situa-

tions in a familiar world and we continoe 19 use them in “formal
opecrational™ silealions in an unfamiliar world in which they may
be very inappropriaie. A typical heudistic is inceementalism: ~Go

. ahcad and ¢rowd one more beast inta the commoens.” Such a

heuristic may B¢ appropriale in the familiar sioation our lor
bears encountered in a new uncapiored continent. Dul the “social
iraps™ produced by such judgmental heuristics in 2 pow ¢rowded
environment may be inappropriale There are sumerous conlem-
porary issues 10 supporl this sssestion . . .
Styles or medes of information processing, which includes
informalion acquisition and infgrmation analyss, ace of much
imporiance ia 1he’ design of information sysiems for intcrpreta-
tion of the impacts of proposed palicy. Infovmation aoguisition
refers 1o the perceplual process by which e mind organizes the
verbal and visual stimuli thal il encountenn As indicated in
Scetion I, McKenney and Keen [242) disuts two modes of
informaticn acquisition, 3 precoptive mode and A receplive mode.
We essentially uiilize these modes for our model of information
acquisition and analysis
a) In preveplive acquisition and analysis, individuals bring
erisling eapericntial concepis and procepts 1o bear to Lhier
daia They focus on structural relatipns between items and
lock for deviatlicns Irom their expecialions. They then use
Y awed struciusing of data
B) [n receptive aoquisition.and analysis, individuals foams on
conlcxlual detisl rather than presumed stractural relation-
ships. They infer straciwe and impacts from dincct and
detaited examination of information. generally including
peteniially discombBeming information, rather "than from
. Tiiling it to theie prevepts .

There is nehing inhcrenidy good or bad in cither modde of
information sequisition, analysis, gnd associated siructuring, The
same individual may use differemt modes 23 3 function of cone
tingency task sieoctere. Ml people will kave preferences for ane
mwnde of the other in a paniivalar siuanon, depending upon thee

. diagnosis of 1he contingency task siructune and perecived needs

1z acconiplish effective infonmation interprelation and associated
decisanmaking. [1 s our hypothesis that cognitive biawes olten

- arise. of are initialed, by wie of 3 situationally incorrect mode of
infownation acquisition_and strwctonng. To use proceplive.

acqubsilion »hen rectplive aoquisition is mone appropralc woubl
appear 10 invite one oF muie of the many hizses aswwizted with
selective pereepiion, To use recophive acquisilion when preveptive
acquisition is apprapriate would appear 1o introducy much sress

ossowialed with the low Bkelihood of being sble 0 cosolve an--

issux in the lime available, .
Inlormation evaluation and interpretation scfers 10 the degi-
sion rule portion of the problem solution. We advecsic a modi]

JEEE TRARIACTIONS ON SYSIMI, HAN, AND CYRAXETHEL, O saac-1E wo. & st rreum 192 -

formal precepts as cues for aoquitition, analysis, and assoc-
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Fig. 7. Concrplualizalion of problem solving styles

based on the use of the Piaget theory of concrele and formal
operationa) thinking a5 & wielul precept for informatica evalua-
tion and imerpretalion These thouzht proces modcls may be
summarnited as [pllows, -

4) In concrete operational thoughl, individuals approach prab.
lems cither through intuitive oifeel, analogic reasoning, or
throual following n sandard operating policy o organiza-
Honal proceises, or some relaied process.

b) !n formal operational thoughs, individuals approach psob-
lemg throngh stroetoring in terms of jmbedding realivies
inic pomibility secnarics, hypothctice-deductive reasoning,
and interpretation in terms of vperations on opcrations.

Fig. 7 prescnis our conceptualization of information acquisition,
amalysis, and interpretation or problem solving slyles This figure
docs not iMustrate, bowever, 1he Tundamentally dynamic nature
of this process model Fig, § has prescaled some of the dynamic
learming cxper which link the concrele operuional and
formal operalional thoughl peocesses. Again we argwe Lhal no
siyle {3 inherently appropriale of inappropriaic. Appropriatencsa
- of a paricular style, a5 has been mentioned before, is very much
task, envircnmenl, and cxpericncer dependent, That inost de-
cisionmakers function at concrete operational thiokers ia doubt-
ksaly correct. A principal 1ask of a well-dedgned information
systems is 18 assist in,-iding the-decisionmaker 10 deteot the
appropriate siyle Tor o given tosk, eavironmuml, and decmion-
maker expencace level L Another task is to enhance (ransfer of
formal aperational ea, bhcners 1o concrete operational experi-
ences, such as ihrough conceprualization and evelution of ap-
. proprialc  hecuristics. wholisic thoughi, analogous reasoning
guides, standard operaling procedures, other forms of aflcciive
thought, and prrhaps cven precognitive maponses. We posit that
_both types of information acquisition and analysis may occur
-with either concrele of formal thought although the appropriate
balance of receptive and prevepiive acgquishition and analysis will
vary from situation 10 shuarion.

OQur disrumsions have indicaicd the strong eavironmenwal de-
pendence of the fommulation. anslysis, and inlcrpécLition sieps
neecssary for problem resolution. These sleps are Beoosary sieps
in the resotuiion of any issoe using systemic means, regardless of
the “style™ adopted for problem solution. Environments, organi-
zations, and technologics are three dominant concerius of systoins
cagincering in gencral and for e design of svsivma for planning
and devition support in panicelaz, 1t s the interaclioa of 1he
enviranent wilth an oipanization and a iechaology that eraults
in 3 management lechnologs, Syslam managenwnl b the term
we uie o denate the inleraction of human julgment with meth-
adological concerns {J05]-{M%) Systenms managemwentl denotes,
therefore, cnncemns 3 the capnilive provess kevel that involve the
contingency task sifucture and ils role in influcaviag the seloction

of performance obicclives and decision rules for evalumion of
options Associzted wilth e rosolution. There are many ip-
Necneey which act on the enatingeney lask siruciere Fig 1
indicales, concepluafly, bow the contingency tark swucture, and
the covironmenl which inluences it acts to specily and disect
problem salving effarts through selection of perlormance objecr
tives and associaied infonmalion processing and decision ruke
paradigma.

1L is our beliel that 1he dynamic cognitivr, siyle models of Figs.
& and 7 can be psed as puices o iMlustate both those modes of
information acquisition and information cvaluation thal should
be used and thal will be used on o given issue. We siress that [he
particular engnitive siyle most appropriale for a given issue will
depend vpon the decisionmuakers familiznly wiih a given issue,
the issue iosell, and the envircament into wiich the isue is
imbedded. Thus a receplive or preceptive informalion sequisition
style wall be Bppropriatc in a lormal operationa] sctting if the
iasue a1 hand is an unfamilisr and unlrociered one. The ap-
propriaie balance between preceplive and eeceptive information
eequisition will be dependent upor 1% 1ype of issue and. the
cxperience of familiarity the decisionmaker has with possible
information sources and Lheir Lkcly eeliahility. I will, of course,

“alio be infucriced by the “personal™ style of the decisionmaker

and the vype. if any, of interaciion with Lhe systems analyst s
well as wpon otber charactenistics of the decision rituation. We
sceept the view that systems methodologics, especially as imple-
mented throwvgh use of human judgment to form a systemic
process, are highly value depeadeny Different systems methodol-
cgics allow 4ne 30 deling istugs in dilferen! ways and azre respon-
sive in dilfering smounts to v olue concerna, Such &S cquity. Some
methodologics cxplicitty encourage for example, delettion of the
vse of deficient heuristics and envourage coreoction. The “trans-
parcncy™ and communicability of a decision prociss, for exame-
ple, is very much a funciion of the meihodologies used in process
aiding lor the formulation of heues, the analysis of sliematives,
and asseciated inlcrprewation effars. This valur dependonce of
systems mwihodologies is, dhwrelore, an importans aspest of infor-
mation aystem design and is refated to performane chjectives for
the Lok a1 hand.

There have been 3 number of studies whith locus upan the
critical importance of tak dewription and e decisionmaker’s
interaction with the 1ask through the epvironment. Dawes (70}
[71] sircases the eritical interaclion among, The mind and the task,
and intcgraled models of the mind and the tash requirements. He
discusses the “even numberad-vouel™ eaxperiment described earlier
in this seclion as does Anderson [7] Anderson indicates cthar the
failore, and 2 majority of oducaied adulis do Fail, 1o corrgetly
resalve thit Lk is due to Jifficultics in applying the owefus fuflcnr
concepl of vomlilional deductive reasoning, a conoept which
reguires thinking aboul what is not the ¢ase. Andenon alsa
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discusses & slighl variaion of this 1k, which i3 generally the
same, and in which almost all subjecs performed correctly. The
twsk invalved looking st four pictures of ordinary letier envelopes
wilh the possibility of & slzmp an them and picking the letien
which should be turned over 10 teat the hypotheis; if » Tetier b

scaled. i1 has & 1Ag stamp on QL The critical diflerence betwoer -

the Iwo Lasks is the fact thal mest people have eaperiences aimitar
ta the second laske 1i s relatively familiar compared to the Dt

© tash, concerning which peuple da not bave sigailicant experience .

. We should be rathes castious however in 1the apparently rca-
sanable inference thae we learn coerecdr from caperence. A
auwmber of important sludies by Drchmer (48], [47] have shown
that by no means do people always improve their judgment and
decisionmaking ability on Lhe basis of incicascd experitnce, Bis
agey, such as the leadency to use coalitming cvidence 10 1he
neglect of discorfirming evidence, are the key culprits. Brehmer
[47) indicales how these biases can be wnderiiocd in Lerms of
avaitahle information, He conclwles that trath is nal manifese [t
needs to be inferred in onder 1 extract from eapericnce informa-
ton componcnts that will ruly lead to better judgments and
decisions. The recent delinitive discussion of judgment and choice
processes by Einhomn and Hogarh |58] emphasizes 1he impor-
tanec and the interdependence of attention, memery, cognitive
- represéniations, Jearning, conflict, and fecdback. 1t provides much
valuable perspeclive concerning she imporiance of these topics
for judzment and decisionmaking, - . .
Camolt |36} in much concerned also with understanding deci-
sion behavior, especially through the process Iracing lechpigues
that have been ¢mphasized by Payne [272}-1273). Carroil propo-

363 that the decisionmaker taighl better be portrayed as possess-

ing & rich store af knowledge organited around a vancty of
evoked schemas, those complex units of organized knowledge
which guide the acquisition and use of case infurmation, rather
than exclusively comsidering the decisionmaker as exhaustively
following the prescriplions of pormative models. Many of the
chaptery in the recently edited works of Estes [100), Hamilton
[137], Howell {167], Howell and cishunan [165], Schweder {132),
and Wallsien [3%6] discuss issues retated to copnitive [32100¥ in
. judgmenl processes, including task deseriptidas foe scripts, those
siercotypical sequences of action: and event schemas which oficn
are of much use in eaplaining jufgment.

Siedics of information suppert tor U5, Air Force command
and tommunicalion sysiems dcconiplished by Klein |202), [203)
eapress & number of concerns Teparding artificizl intelligence and
informasion processing opproaches for decision aidihy. Thesc
resepvalions concern poteéntial insbilitics of humans 10 dixaggre-
paie Mlvalions intg components and lo analyze these discrele
compantnts He indicales that the profisent performance of
experts may well be based morc on reasening by analogy than by
feprescnialions in wrms of step by siep desiriptions capable of
(discre1ed digital compuies processing. Further, expert proficient
pecformicrs may not follow cxplicit conscious rukes. Requiring
Lthem to do 30 may reduce perlormance quality, and they will be
unahblc ta uccutatcly describe the ruler that twy do follow, Kicin
views expertise s arsing from pervepival chilities inctuding,
fecognitional capacity in terms of anakegows silullions, SERki Hvity
1o emironmwnial conteal in 1he s of appreciation of Lhe
significance of subtle variations, and sensitvity 10 jnientional
cunieal by vicwing 1he relevance and importance of task campo-
el 23 3 whole by anlicipating what bas o accur 1o aohieve a
goal rather than jual what will occur at the aent Lme inglant of
slep. Ele presents a comparson-guided model of proficient de-
cisionmaking. In this madel [20]

PV a cuerent decision situation is perceived in terms of objec-
tives;

2} the decisionmakees'’ experience allows recognition of a
comparisan silualion;

) similasities and differences berween the comparison silua-
.lir.m amd (he currenl situation e noled: !

H '

.
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4 thiy application suggeils oplions, inctuding evalvation of

" options and selecilon of a preferred opiioa based on whal
worked in Lthe comparison option; and .

5} the way the objectives and the decision are percived,
possible further adjustments of oplions, gencration of pew
aptions, and combination of options, lellow from thiy.,

Klcia sirongly encourages developmenl of decision aids o
support ibe reoogniticnal capacily of the txperl; zids that will
assis] the expert in rtcogniziag oew situations in terms of analo-
pOus comparison cases and in using these 1o define options of
ahiematves. The adjuvant would also keep hack of options, gssist -
in groeration of new omes, and perform qunpuiations 1o asscyy
the impacts of vanous options. 1t ocrtainly Jppears thal this is o
necded and nevessary role for information aystems adjuvanis for
planning and decision support. Dul it must be remembered that
not all users of such & system will be proficient ond expert in all
of the taks they are 16 perform. We sugget the need alsa for
provisisns for lormal operstional thought lype proecsses for
those contingency 1k sfluations 1hat have not been sulficiently
eognized such thal appropriate wse of concrete operalional
Lthoughi necextanty leads 10 cfficient and eflfective perfonmance.

Dreyfes and Dreyfus (52) oso argue (hat experitnced and
cxperl human decisionmakers solve ncw probloms primadily by
sccing similasilies to previously cxpericnced situations la them,
They argoe strongly thai since simitarity based processes scteally.
uied by experienced and cxpert hemans kead 16 better perfor-
mance than formal epproaches practiced by beginmers, de-
cisienmaking based on proven expertise should ool be replaced
by formal madels They pose & model which conlains five devel-
opmental stages through which » persoa passes in aequidng a
skill such as 10 become a proficicnl expen, Theie basic 1enet is
that people Jemand less 1nd less on absirct principles and more
And mort on conereie experienee a3 they became proficiens Their
five stages and sugpested instruciion al each ainge are as follows,

1} Movics—Decompose the task environment inig context-froe
nonsituational features which the beginner can recognize withoul
experience, Give the beginnce mwer for determining sclion and
provids monilering and lcedback 10 improve rule following,

2) Comprience— Encourage aspeci recogndtion not by alling
altenticn 1o recurrent s¢u of fealures, Bal rather by singling cut
perspicuows examples. Encowrage recognition of dangcrous
aspeews and knowledge of quidefines 1o torreet these conditions.
Equal importance weighty are typically associated with aspeets al
this stage ' c

3) Froficiency—This comws with Increzsed practice thal ex-
poses one 19 3 variely of whole situstions. Aspocis appear more
o besa imponiant depending upon relevance 10 joal achievement
Cantexiual idenlification is now possible and memarized prind.
plea, called migxiny, are used to determine action. -

4) Expertise—The reperioice of experienced situatlons is now
vasl, such that the eccurrence of & spetific stvation riggers an
iatwitively appropriale action . )

5} Mastery—~The exper is afvorbed and no longer peeds o
devole conslant atiention to performance. There is no need fof
sell monitening of performance and energy s devoled anly Lo
dentilying Ihe approprisle penpectives and anpropriate atterna
Live aclions. ' . t

Dreyfus and Dreyfus associale the development of these five
shill categories with sweccssive ranaformation of foor mental
tunctions, Fig. 8 [82] indicates how these 1ransformations ocour !
wilh increased slages of proficiency. While developed primasly.
for training this model contains much of imporsance with respev
1o informaltion system design 1o support planning and decision-

_making &y well A Loy isuc in this 1able would appear to be the

developmen) & concrete sivational eapenienee which fst cocurs
when a person s able to recognize pyprvis. There seoms ia exist
swne complimentasity between our modcd of the cognilive judg:
menl and declshon process and thal of Dreyfus and Droylus, The
concrele operalional thought of cxperienced  decisionmakers
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Fip 5. Dreyfur’ judgmenl and decision poocess meedel

would appear ta be much the same as the thought of the capen
and the master. Of course n all of these madely, “expert™ iy &
relative term, with the covizoniment and the contlingency Lask
siruciure of a specific situation needed 10 dererinine whether &
decinonmaker % Jamiliar and eapepenced with it Some dif-
ferencos in the models ere doubilassly preacat a3 well. Some of
these depend upon precisely what is meant by “proceusing infor,
matioa” Qur definilica is rather broad and certainly not re-
siricted b0 quanlilalive processing. Geacrally  infarmalion
processing. in our view, includes the formulation or acguisition,
analysis, and inlerpretadon of dats of value for decivionmaking,
This can be sccomplished holisueally, heuristically, or whalisu-
cally.

Yery important concems ckisl, in ouUr view, with respect to
possble cognilive Lias and valuc incoherencies in the concrele
operational decisionmiaking of ¢npents or masters, Qestions re-
“aled 10 the effecs of changing environments upon the judgmont
ind decision qualily of masiers and novices alike are very im-
porianl in all of these medels. For ingailve experiense may nol

. be a good guide for judgments and decisions in unecrtain, wne
familizr, and /ot rapidly changing eovironmeots, Dot quantitlive
or qualitative analysis-Based effors may well nol be very good
cither duc 1o chanped decigion siluation and contingency lask
siruciumal moadels. [n our view i is possible 10 become § *masters”
bul uaferiunaicly possible o0 belome 3 mager of (be an of
self-deception as welt as of o specific lask, The exiernal behaviar
of (he two “masicrs™ may well be the same; godalional, whelistie,
intuilive, and absorbed. Whal wad an appropriate slyle for one
“master” may well be insppropriate for another. r-

Behavior in [amiliar bul uncertain environments i3 of muoch
inlerest. Studies of Failure, situationy in which experts end mag-
ters fail of misdizgnose their degree of experiise or maslery, could
yicld exceplionally vaelul results and would aha serve Lo incorpo-
rate and jntcarate much of Ihe cxpesimenial work involving
biases, poor heurislics, and value colicrences inlo a more feal

“decision situntion. We hypothesize 1thal the dynamie models of
decision siyles presented in this seclion wilk be usefel vehicles o
these enuds. )

Judgment and decrsionmaking offaris are often characterdzad
by intcnse emotion, siress, and cunflicy; epecally when there are
significant consequences likely 1o Tollow lrom decisions. As the
decisioomaker Becomes pware of vanoms raks and uncrrtaintics

. that may br msocaled witk a course of action, (b stress

becomes all the more acuie. lanis and Mann [1T6L [177] have
developed » conflicy modet of decislonmaking. Conflict here
eefers 1o “simultancous and opposing teodencics within the indi-

‘dual 1o accept and repeel @ given course of aclion.™ Sywploms

» conflicts may be hesilation, feclings of uncerlainty, vacillation,
and acule cmotional e with an uapleasant fecling of disiress
being. typicalty, Ihe mast prevalent of all characienslics associ-
aled with dedisionmaking [491 The mapy clements associaied
with the conflict model are the concept of vigilant information

L]

processing, the distinclion berween hot aud eold cognilions, and
several eoping palterny associaled with judgments. )
Cald coprations are thase made In a calm detwhed emviron-
montal staie, The changes in utlily possible due 10 differen
décisions are small and casy 1o deterntine, Hot cognilions are
those nssociazted with vita) ixsues and toncerns, and ang associ-
ated with a high level of siress Wheither a cognition is, or should
be, hol or cold is dependent ppon the task at hand and 1he
_eapenential familianity and experiness of the decitionmaker with
respeet vo the lask, The symploms of stress include feclings of
apprehensivenesy, 3 desire 1o cscope from the distressing choies ©

_dilemma, and sclf-blame for having allowed oneself to g=1 ino a

predicament where one is fdrced Lo choose betweea unsalisfac-
tory allernatives. Janis and Mann [177] state thai *pychological
sire™ s used M5 3 gerene lorm 1o designare unpledsant emo-
tional Males cvoked by Lhreatening emironmenwal cvenis or .
stimuli. They define 2 “sireysful™ ovent as “any change in the
enviropmenl that Lypically induccs o high depive of unpledsant
emotion, soch as anxiety, guill, or thame, snd which aflccis
normsl paileras of jnformalion processing.™ fanis and Marn -
describe five funetional relalionskips between prychological siress
ang decision condflice -

1) The degree of siress generated by decition conflict ia a2
function of thoae vhjecuves which the decisionmaker ex-
pecis 1o remain unsatisfied aher implemenling a decision.

2} Olica a persan encounLers Rew hreats or opporiunilics thal
molivale consideration of a new roprse of action
degree of decidon suras is a Junction of the degree of

. commilmenl Lo adhere 1o the present course of aclion

3} When decisien conflict i severe because all identiled aleers
nalives pose scrious risks, Tailure Jo idemify w betier dee-
siog than the leas! objectionzble one will Jead 10 defensive
avpidance. '

4y Ia severe decision vonflict when the decisionmaker antie-,
ipstes having insulficient lirae to identify an ndequate abter-
pative that will avesd sericws loasex, the Jevel of suresg
remains extremely high, The Ykelihood thal the dominant
patiern of respense will be hypervigilame, or panic, in-
Creases. . . )

5) A moderate depree of siress, which results’ when there 4
sefficient time 1o demify acceptable alternatives, in re-
sponse to a challenging sinvation, snduces a vigilant cffan 1o
carefully scrutinize all Wenlified allcrmative councs of ac-
Lico and Lo s¢legt 2 poad decision,

Based upon these five functional relation propositions, Janis
and Mann present five coping patierns which a decisionmaker
would we a5 a funclion of the kve) of swess: unconflicied
adherence o incetia, unconllicied change 10 3 new coune of
action, defensive’ avendace, hypervigilance or panic. and vigi-
tance. These five coping pauterns, in conjunclion with the Mive
furctional relation propositions of psychological stread, were wsed

] o ———
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Fig. % [nterprciation of the Fanis and Mann [177) confllict model of Jochionmaking, - -,

by Janis and Mann 1o devise their conllict model of decisionmak.
ing. This mode! pasiulates that cach panern of decision stress far
coping is associated with 2 charagtensiie mode of information
precessing. TL i3 this mode of information processing which
poverns Lhe Wpe and amount of information the dechiionmaker
will prefer. Fig ? presents an inerpretation al this conficl model
of devisionmaking in terms of the,sysioms cngineering con-
tingency modets discussed in this section This model points
10 2 aumber ol markedly diflerent wndencies which become
dominant under particular conitions of stress. These include
. apen-mindedness, indiflerenee, sitive cvaston of disombfirming
information, failure 10 panimilaje svew information, and o) of the
- other cogrilive informotion pro-casing bisses identified in Scc-
- tion 111 Tabkle 1! sommarizes infarmalion processing preferences
and decision siyles gepsrated by this conlliet mode, The 1able
depicys the sriking complezity cailed by the vigilanl informa-
tion provcssing paiees @ comp uison lo he other coping pat-
terns. The vigilance patiern is eharacicrized by scven key sieps
which require somewhal prolonged deliberation The other four
coping paticrns fequire that oaly a fow key steps be addressed.
Sclection of a ¢oping paitem mav be made property or unwischy,
Just as sclection of a degision si;le may be proper or improper,
The soven sweps of vigilant information processing appear quile
equivalent lo the steps of systenn cagincering ‘
Janis and Mann [IT?] combine the hypolheses they present
. concerning the four siages of the decisionmaking (which we
discuss in Sectien Ty, the five funciional relavion propositions of
pyycholegival stiess, and the Bve stress coping paltems. Also they
presnt 3 dicision balance sheit, an adaplation of the moral
algebra of Denjamin Franklin (177], a0 which 1o construst a
profils of 1he identificd option: 1ogether with vardous coat angd

benefil alinbtes of possible decsioa muwcomes. They have shown .

that devision qepret reduction nd increzred adhercnoe 10 the
adepeed devisten results from w7 of this balance sheel. Strategics
for vhallenging oulwern decisions and jmproving devisions qual-
ity are also Jovcloped in this sominal work, . -
11t would be of considesable interest 0 indicaie the 1ypival
imlcracuions between this model of Tanis and Mann, which would
b an expanded version ul Fig . and the other three evntingeacy
1k rtruciuee mndels of Sevisdh o seyle thal we have Jiscussnd in
this sevtinn. We belicve each o theae modeds 10 by appropriale
asd 10 poreay different relessnt Featares of 1mk evaluation,

information processing prgference, mnd decision nule scleclion in
terms of contingency clements ossocinled with the enviroament
and the desisionmaker's prior experiences ..

There ars, of eourse, other models of the planning and
cisionmaking proccst. Within the field of anificial intellipznce
there cxisls a growing importamt body of litersture conceming
tudels of cognilive procesaes in planming and decisionmaking
(150} (398] The work of the Hayea-Rouhs {130] is definilive in
this regard 1t presents a model of the indopendent actions of '»
large number of copnitive: specialists who make tentative deci-
sions for incorporation iato a tentative plan, Differcnt spocialista
influerce dilferent poctions of a plan and’ regoand decitions
concerning the plan oo & common dala struciere called » “black-
board,” This blackbousrd allows specialists to reideve prior plans
and decisions and 10 combine carlier decisions wilh presem
decisions, therchy polcntially generating new.decidions, A proces
descriplion of how knowledge gencrated duripg issue resolution i
structured, stored, and used i available,

The basis assumplions underlying the planning mode] wre: that
deaisions occur st scveral different levels of abstraction, thal
prosent decisions will constraia  subsequent  decisions, xnd
thal people can adopl alternative and approprinle sirategies [or
planning. This important research suggests areas in which present
and prospeciive planners noed irainiog by polemiially aflowing
determinaion of Jifferences in the inlormation processing and
judgment siraicgics of prople as 8 funclion of task and eaviron-
nwnL i . .

ot

- VI, DICISHONMAKING FRAMEW ORXS AND
. ORGANIZATIONAL SETTINGS

We have already Jiscussed such topics a4 decisionmaking
rules, cognitive siyles, information processing and coatingemy

*

!
{I
|

1ask structural models. Each of Ihese reproaonls a necessaly

component in the description of components il 'l decisionmak-

ing process. While these components are all . - ary for under-
standing of the dechion provess, they are sulficient. 1n
particular the nature of the decisionmakiag pro . - i3 very owch
influenced by the 1opics to be discussed in this ;- ion: varow

types of readoniag. (he degree of approdmativn - vacions o

cepiual madchs of decisionmaking, the degree of von: calization of
the decision provess, and the cffeets of Micse factons upon infor
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malion acguinition. AlF of these Tacioe are typically related and
ali are part of the eontingency 1ask struclure,

-

Charpcrerizarion of Ratwewofiry .
Dicaing {17] is among scveral writen such as Steinbrunce [159),

wha have deflincd several Fotan or types of r:lmn.lhty. Dicting.

defines five forms of rationality,

1) Fechaioo! Ratiosalny —This resulls from efficieni achicve-
ment of & single goal. A rechnivzlty sarional erganiralion is one in
which alt of the activnics of the acganiration aie cllicienlly
arganized 1o achiove the ool of the erpanuanem. Technodogical
prigress reguires an incteave W the dficiency of the praductive
provess and the existienee of secial corditiony thal make this
increaned cffivicney possble, Picsing noies 1har 2 techoologival
inpovatioa that desls pnly with mare effivient means 10 a ainghe
end will often have rather Gimited influcnee ¥ Ge impacis of the
lechnology and resulting auribuies are morally and psycholog
cally isalared Irom one anoiher,

X Feovoune Rotionahey — This results from maximom achieve-
meal of 2 plurality of goals There are four characenisnics needed
Ior exisience of an ceonomy. Twoe of thewe relate o allocation:
pluraliy @f aliernatise ends, cominon mcans w the ends. scarcity
af resources; and avalabiliy of 3 «alue sysiem and assocjared
meauremenls. Two characienstics selae 1o ewhange: pluraity
of ceonomic unils, and a differem priodiization of salees among
these wnils, Dhesing claims thal nadmuwn goal achievement or
coonomyc Halionality is possble f

2} the ends [goals) of the economic units are comparable and
enedsurable on a single wale;

b) there aye no brmuts on the auignabilay and wse of the
NICans;

CF connoktil wnils e integrated snough ta cagge in rational
alloc.ition and vechange; 3nd

d) infonmation aboul 1he supply - demand rclationships for the
various umnity i3 v ulzble and bnown 1o all, .

Consequently cconomiting includes both ¢valuatinn and sclection
of various ends and means. Tlearly it is desirable 1thal conditinns
ni-d) hald bui thwre exist many approachies womarximizalipn
under conshaints 1hat may be wied 12 yield opiwn respgrer
allacaiion under covatraings, Coonamic progress v cguivalent o
an increasc in productivity por Jabor hour and. eonsequently,
incicascd productivity can oply resull f1om econonic and 1echni-
cal chanpe. Feuoomic progicss will typically spread rapidly
thicughout a culiure berause it allows more and more cody to
hecame borh alternalives wo cach ather and means 10 other erds
a well Generally the ratgenal acier model we huve discusscd
Belore is equinalint 10 Dieiag + model of coonomiv sationadily,

3} Socol Rutiwoufitp— A social svslem s an organizanion of
culivral 1odes such a8 expectations, obligatiom, and ideals A
wacial 43 sk 18 said 10 be inteprated when the satious asograntd
activitics I well, support, confiym, ennch, and reinforce ong
another. Sexial integration is nee than nechanical sihciency
and comisiency due 1o the owulual support, earchinen, con-
firmatior, and reinfatcement roquirement. This inlegration mahn
sction possible by

a) channuling cnetional energy amd preveniing it from being
difTused and loal;

by climinating confla which could Block wtior,

¢} providing e supporting Faclons which siecagiben action
and w hich allos action to be caened through W sumpkition;
and

A} making actions more meaningful by allowing them 10 be
related b past and fuiure actions,

An intgrated mwial sstem 5 3 ravonal secral system thal
enhances the meaninghud and sucovaatul dmphelion of actions.
Successfully vampleied actions are not pecessarily either efficient

. Bl

or elfcclive as inlcpration feanmoles survivability of the svysiem
and not pevessarily e poople withio it In evirepwe ca-o of
incllowmey o Bnlivcnivenca, pevple may kave the sastem and
establish anmher ome. Four characwensies of 2 raroonad wadial
orpanization, s desenbed by Diesing, are

a) internafly consisient 1odes 1101 can b carried oul by the
sacicly without predl strain;

b) harmankous roles that it Iu:fl.hcr wilhoul conllel among
roles;

c) sinonthly svobving roles such that jhere exists connmuily
and stabilily with net shame impulane changes in foles wer
Lirng, and

d) roles compatible wilh the nonsocial fie., jeographic, weh-
poccononns, lenparal, and physiclogical) v ircsment

As it develops and bocomes more integrated, a wwial svicm
dovelops 3 value saatem that reinforces, through Teedback. 1he
strecture of, and foles withing i scia? satem. Well-integrated
socidlly-rational sysicrms Ivpivalty fesist change and gond risk in
cur interpielation of Chesing, One mighi argue, of cowrsc. thal a
well- intepruied swial system shacdd be adaptive io change and
that lailure 10 4o 3o will subrect o 10 2 greates kong term nsk than
il il were arganivally adapiive 1o change. This is. perhaps,
ditlesrnce beowren 3 descnpiing vicvw and 2 nonnative view of &
well-integrated sowial system.

d) Legol Rutienaly— A legally rational sysiem i3 2 siucm of
tiles whicl are comples, vomuesient, previse, 2od detailed vrpugh
o be capable ol unambigucas gpplication. Some of Uwwe rulcs
may apply impartiafly to al} people, while others may apply
diffevently 1o difleaent ¢lasses ol people, & “kpally ranony”™
systerm s ewponal becguse, and Gf v s cffective in preventing
disputes. B dows this by proniding a fcames ok which defines
and supporls performance of economic and gl fules. Thiy
framcwork alsa provides 2 prowcdure for wiihonent of hase
dispuics which oocur.

3) Political Ratuwalr—This is ihe eationality of decisinamak-
ing structures. A devisionmaking structure is aiuiposcd of 3 set of
discussion refationships and a gt of helich and salees that arc
imbodded in1o a fou af recogpize) roles. These roles have heen
assigned 1o individuals such a1 to enable actions within the
coniexd of greviows aclicns and commitiments. Polincalls tanwonal
deasion siructurcy are based upon three puiding imperatives,
according i Dieting:

a) mamienance of indepeadence of the govp despite all pres-
sures for dependence; ’

b} #clions 1o struciure the political group such thal pressures
are balanced and moderaie; and

c} preparatson for future preawres which acl Lo incecawr the.
stabiliy and political rationatity of the devision strociue by
praviding unificauon and broadening of participation

These formy of rationality are cerainly rdatcd, Technical
eationality is mecessary for, and 3 pan of, cconomic rationaliry.
The gnmary charactesistic which follows feom ratunal evonomic
behavior i & delachnent of meutraliny of imrirsweally s aluclews
commodilios. These are vmeful noly as wreans 16 rads such hat

Jacalar optimization may bre undd ta selecl the connnudity bundle

of ahernate means. Marticulagism and koyalty e the prman
characiericices of social raconaliy such 1that oblizagons gvalve
from paricular social relanons with indiiduals and proups rather
than geoeral, universalisl-Setched relationy which are applicable
to all. Ascriplion, in which xlmn trw asde people v from
partiular relations raher than 43 a respansg o achiosenrene, i1
anather characterialie of s3] rationabty. Thus we sor 1ot tw
chatacteriscs of cvonomic rabonalily swy vimrrast sharpls with
theret of woial ratiinafier. Bt this, s beliere, i3 fesl poesanly
the case. Fac, 33 Thesing indicales, neither Towm of raneashiy can
cxisl withoyl wwne hum of the other. Leoponne ratonalay
theorica are based on the assumption that snoaal integrafion is 2
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reality: such that Ihere oxint commuonscation and valuation ¢zpa-
tlitics and mo goal coaflicls o Fachonalism. In s simifar way
sicial falionality msomes thal societies’ cconomie fepouree allo-
calivh probicms are sndved. '

Social and political ratviomality are related in the semse thal,
both are primarily concerned with .inicenat structural concerny
invalving process and procedure; (hat is. 1he siraciore of interper-
winal rchavions, o the accumulaiion of power, of the dircction of
prossure. Ecnmomic and legal rutionalivy are primanly concerned
with the subsianuve hehavior 0y contrasted with procedural and
inemnal structaral comverns, We have argued strongly in prcviows
sevonrs thal subsiantinve and procedural ravonahiy [20e) [35)
are ¢ach peoessary soasiderationy ininformation systen design

Decivion Frameworks

We have prosented o delailed synopsis of the perceprive work
of Dicsing |T7] cancerntd with five different Torms of ravienradiny,
Addiuonal forms of rationahity (30, porhaps based upan the 1en
inleracting socielal sectors noted |304), [307] could doubllesily be
developed. 11 woald be ef inlerest o determine the enicnl 1o
which these additionsl forou of rationality would be subers of
and independent of the five forms of Dicsing,

Marck {238] discusses Bounded ratonaliy, imited raienatity,
conicsiual rationaiily, gaine ralicnalily, and process zatonality.
A sludy of selations of these [orma of rationality both o the
rationality forms of Diesing and decision frameworks, wlich we
will Auw discuss, could fead 1o wsefyl insights and inore relevam
sYaCIC proeess designa. )

The orpanizational seience sileraiure contaips muh discussion
relative p the deselopment of conceptual models for decision-
making bawcd upon vanams rateulity conceplullisations. Amang
these are 1he {coononuc) calivng: acker model, the salisficing or
bounded raneaaliiy model. the bereaueratic politics, incremental,
or “muddling theough™ medcl, 1k organitational precesses model,
and the garbage can model. These are related W the five 1ypes of
ranenxhty described by Diesing in relatively obvious ways tha
follow directly rom 3 descripliong of these decision framwworks.

1 The Rariowat! Actor Malel: The detisionmaker becomes
aware of a problem. sludics it, 1 -fally weighs allemative means
o 2 solulion and makes 8 Lheice or Jdevision based on an
ohpclive 3¢l of svalues. This v comparablke to wehnical and
ccopnmuc rationality 33 descriped by Diesing. AL int glance the
rativnal actow model appears 12 o niain much of value apd to be
eapitially well matched to the detoghed neuirality, caleulative
oncilation, and aveidagce of Tawornism asociaied with the
achies ¢ memi-aricnted entreprentunial wouerm sociely. [ ralional
planning ar decisimmaking

a) the decivonmaber s confroated with an iswe 1that can be
meamingfully volated from athwr ivsucy; .

b) ebjectives are idennficd, structured, and weighied accending
Loy their importance in achicving nvad satisfaclion on vanious

£ posaible activitics 1o resohve npeds are idenlificd:

d} the impacis of action aliernatives are delermined;

¢) the uulity of roch aliernalive is ovaluaied io wrms of o
impacts upon aeeds; and

N the wiitities of all aliernatives are compared amd (le policy
with the highest ulility is selecied for action implenenta-
Ko

These are esscntially eguivalesm to the vigilanl informarion
procoessiag sicps af Janis and Maan {177

Unbonunately, there are several subatanlive reguircasents for
suceeaslut comiplere rational deciipamaking that »ill not gener-
ally he met in praciive. Thew in: lude '

a) comprehersive identification of off necds, consirings, and
alterables relevant to plarsing and decisionmaking i, of
cour, ™l posaible;

) .
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b determisation and cdanfcaton of aff reles ans chjectves is,
of coune, nol poshible;

¢] dewrmination snd tinimizalion of vents amd Masimization
of tilcctiveness will nol nevessanly dead to the “best” resuln
because of 83 amd b,

dj detsched neuttality and a caleulative onentation rathes than
arhitrarincas, conlhict, and coercion are not always paanible;

¢} & unifcd precess that will cope with interdependint deci-
siony will olien be very complex;

M salficent 1ime 10 use the method will aflcn nol be available:
gt sullicient information wo cnable use af the nuctbod » il aficn
be Jiffwult and cxponsive 1o obiain; and .-

h} sulflicien) cognitne capacily 10 use the method will oficn

nnl exist

It has bong beca reengrized by Syslems engincers and manage-
ment wikniints thal the allempl o use 3 petmatively Oplitum
process will resull in sy than oplimum resulis bocause of e
modehing inaccuracies. cognitive limitations, and solulios Hie
constiainty. Thus the proseace of the realivies of a)-hy wail,
bevause of a combination of resourge and intellecival consteainis,
kead o wlertion of an alternalive thal is best only withia cun.
siraints peeecd by the model aclually used. We may 2l obsene
that an ceopondcally rationat decision wauld only be appropriaic
when the decision tiwwation strwctoral medcl s sh that an
cconomicdly ralional pracess i3 pogaible and dedrable, and tha
the intclecsesl and resource condivany extanl make subsiantive
use of the ranional actur medel feasible, .

Simen 3274 [319). [ 140}, {1 was perhaps the (int W0 obsene
that unaided decisionmabens may oot be able 10 make complele
substanvve, that v "as i," we of the nodd possible. The
concepts of bounded rationality and sausfwing repiesent muh
more rcadistie subilantive modely of actual decivion rules and
practices. We have dewcobed 8 wanety of satisfiving heurstie
rutes in Secticn 1¥. Unloa very carefully developed and applicd,
these rulcs pay result in very infenioc decisions: decisions which
are eoinforced whrough leedback and repelition such a5 W resuls
in capericnces that are, by ne means, the best teachet.

O powsibly even greamss inpofianee 1o inloroalion 3yslem
desipn s the fact that completely evonamically ratiunal prowessc
may be neither desirable nor powsible. Social, polibical, or jegal
rationalily corcerns may well prevaill And one of the other
decivion lcameworks we describe here may well be more 2p-
propriate if these cancems ase dominant over cconuntic fatioaal-
ity comuerns

1) The Saritficiag or Boveaded Roepusolity Medet: The de-
cistonmaker looks [or 3 course of acion thal is basically good
¢nough to meel 3 mininum el of requirciscnts. The goal is 10
“pol shake the sysicm” or “play it sufe™ by making decisions
poirmarity oo U basis of short-ierm xocprability father thaa
sceking a long-lem oplimum,

Sinwn inireduced the cencept of satisficing or bounded ration-
alisy a3 an cflon 1o '

replat the ghobal ranomality of exomormc iwan with o kind of
ratindl bohavae that s sompaubie wab (he & ofsy o information
amul Use cunnpuistional capatnbites il e 3. el prascs=ad by
o ganisms, including mam, in The kinds of onoonmnments in whinh
such organismy £iist,

He supgested thal devisionmakens compensate for their limited
ahifitivs by comrsciing a simplfied representaiinn of the prodr
lerm and then behaving rationally withiu the consiraints iayprsd
by this meslcl, The nocd for this rests in the [acl 1hat pan
decisivamakens satishice by finding cither eplimum solutions in 3
simplificd world or ratisfaclory solutioss in 2 e teah-iw
work, As Simoa 33ys, “ncither approach dominates the oihet
(32T L )
Salisficing i actually searching for a “gixed cAough™ chone
Simon supgested thal the threshold for satisfactinn, oF aspitain®
kevel, may Jhange accanding 1o 1he easc o Jilfieulty of seach U
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jmany aliemalives can be found the conclusion iy reached Lthat vhe

arparation kevel is 100 low pnd nevds 10 be increased. The oo

rense B true il o satisfactony alwenatives can be found. This may
wad b0 & wnicue solulion through ilcration.

The principle af bounded rationality and the reaulling satisfie
ing madel sugpeats 1h3t sienple hwuristcs may well be adequale

fo coemplcx problem sohing sitwations. Satislicing stralegies may |

be cxecliend for ropelifve problems. They may also kad 1o
premature choives 1hat rexalt in unforescen disasierous conse-
quences; eonequences which could have been foroseen by mare
careful anabais. The beurisie dotision ruley deserfed 16 Section
IV arc all seesions of satisficing strategice A reeent paper by
Tharngate [372] proaides usclul descriptions of ways in which
heuristic dewdsion tules may be wwd and sbused. Develynnent of
clfvcient and effectine decision hoarislics iy & vontcmparary need
for ihe analyais of decision behasior [S6] |59], [6D]. 1the mndoling
of erganizational amd individual decisions [192), [M65] as well a5
Low the design of normatise veebeme 10 ad decivawnmaking [118)
We techicn e that 1o v cflevine av welt an elficoent, Iuraues will
have 13 be dhnchiped 1IN 3 w41y Cauloi w2y with due considera-
tions for the many impheatiors of (ke conlngency tusk Siruciure
of a decision situarion |326].

1) The Bwreawrwiic Poftiien, Durensenialism, or “Muddling
Through™ Model: ANer problems arise which require a change of
policy, policymakers consider only a very narrow range of afeer-
nalivey diffening 102 & small degree Irom the ¢uisting pulicy. One
abernativg is selovied and iried with unfofwcen consequences el
1o br discowvered 3dd Ticated by subseyquent incremental policics.,
This s ihe incremental view,

In 1959 Lindblon posiulated the approach called incrementa-
lism, o mwddling through |HE]-[221) 10 vope with pereciaed
lpivations in che eoonomnically cational approach Marginal val-
ues of change only are wonsidesed — and these for unly a few
Limensiens af walue whereas the rauonal approach calls for
eshaustive analysis of cach ideniified alicinative alung all identi-
fwd dimensicos of vaue. A number of authon have shown
yincremenialism 1o be the 1ypscal, commen, and currenily prace
Jhived process of groups in pluralistic wocieties. Coalitions of
apecial inlerest groups moke curulatise decisions and armive 30 8
workable compromise (hrough a pive ond lde provess that

t Limdblom calis “partisan mulesl adiusingent” e indicales tha

. ideodogics! and other value differences Jo rot influence marginal
decisions as much 3 major chanpes and that, in facl. considering
ma ginad valucs subp<t 1o praglical consiraints will Iead 10 agree-
ment ¢n marginal programs. Fuarther, incrementalishy can resuld

i agreerment on decisions and plans even by those who ane ja
fundamental disagrecinent on vatues. However nerenwntalism
appean based oo hovping the masses marginally contenl and hus
may nod be able 1 de much ko help the gready underprvikeged

* and untepresented, Bt by, of coune, a conibination al Dicsing's
sacial and  political rationality. Boulding has compared in-
crementalism wo “staggering through history like 3 Jrunk puttipg
aoe digyointcd incronwenied fool aler another.™ Yet there have
boen ' number of sudics. such ax Allison’s siudy of the Cuban
missile crisis [4), Swinbruner's case studics |35%). and vibers |44],
[10%], {VI5L {400] which indicate this w be an oficn wud ap-
proach in practice. ! -

[1 is importamt 10 note [21E] thar Lindbln rejects {econamich
comprebensive raiionadidy evem as a ponmating pedel and indi-
cutes thal sysiems analvais will ofien lead 1 ill-considered, oficn
apcidentad incomplobness. He indicaie the Tollowing incvitabke
Iimit;li.l:rm 10 analyis

ay liis faflible, acver niscs 1o inlallibility, and can be poorly
informed, supcriwial, bigwed, or mendacioes
by 11 cannol wholly resalve conllicts of salue and inlereils
c] Sustained apalssis may B¢ oo slow and 100 costly com-
L pancd with readistic needs. )
d) Twwe Tarmulauen guestions catl for 3c1s of choicr or will
and suggests thal analysiy mast allow toom for polilics.

= “j

A perceived more practical model provess for deasonuaking
than the fatwwal actor mascl is, therefore, catied for, Tlw ool
is doseniptive amd is an cutremwe vemion of the bounded ranenal-
ity rdel. Aliermalive models bave been propasad (117

The main festures of the model proposcd by Lindbloow are the
follom ing, i

1y Fnds and means are siewed g3 ot distinel. Consequenly
incans-cnds analysis B viewed 2y afwn pappropnae,

23 Identification of values and poals is ned adistinet [odn Lhe

" analysis of aliernating wtions. Rather, Lhe 1w 0 procusws are
conloundod.

1) The test for & gond palicy is. . eypically. that varices Jde-
cisionmakern. of anilhats, agrec on a poldn as appeopnate
without necessarnily agseeing that i is Lhe nost appropaite
means Lo anend,

4) Analysis is Srastically Baed, imporiant policy eplaens arg
fw g e ied, anad pRATL 0 b v g el orsadyied

51 Wy proceading inoereinlally and companng the eosute of
caxh new policy wilh the old, decisionmahees reduce of
climinale reliznce on theory.

8% Therr i & grealer preoecupation with ifls Lo be remedicd
sather than posilive geals 1o be soughL

+ 1n a very readable recent work concerning “muddling through
221" Lindblom classilied iporemental analysis al three lesels:
simple. disjointcd, and suat-zic. Iocromental analysis w. a3 we
have indscated, & pood dexinplion of politicyl decisionmaking
and is samctimes referred 10 as 1he political provess model

§) The Orgutizarioned Peo, vies Moded: Plans and decnions are
the sewdh of inlerpretation of wandard opcraling procedures.
Improsements are ebizined b¢ carelul deatification of ¢visung
standard operating provedw b5 and asswiated organiaational
struciures and dulcrmination «f improvements in these,

The arganizatienal process imodel, originally due to Cyorr and
March [68] functions by reking on sandud operating proce-
durcs which constituie 1he prmory o iniclligerce bank of the
arganteation. Only il 1he standard operaling procedures faid will
the organization altempl w dnelop now standard procadures.

The organizational procowcs mode]l may be viewed s an
exicmsion of 1he eoncept of tounded rationality (o chawemaking
in organizacons. B i clearly an application of reawning and
rationality as discovery and application of rules in cases 11 may
be vicwed as & bybnd of cconomic and kgal ratonalny.
typically involves concrete cperationat thought as w¢ have indi-
cated in Section V. The main ¢onceps af the behavioral theory of
the firm, which is suggested as 8 descriptise model of aciual
choiccmaking in organizatioms are a5 follows, -

1y Quasieesolution of corflicl: Major "probloms are disappee-
gatcd and tach suhproblem i attachod Yocally by a depan-
ment. AN acceplable conflict resaluting beiw cen the clfors
of differerd departmcras is reached through sequendial a1-
ication 1o deparimensal goals.
2) Upceriainty aveidance is achieved
a) by reacting o cxtermal fredback,
b} by ermphasizing shom+erm choices. and
) by advocaling acpniisted fulures.
3 I'rublem scarch in which
a) scarch is stinlated by cncouniening issues, .
) a lorm of =watishwing™ i used ax 3 degiaion ke, and
c} sarch in the nvighberbood of the s1atuy que only 15
atiempied and only iwcremental sodutions are con-idvered.
4) Qusganization kerming: Of ganizations adapl on Lhe basds of
CADPENCNCE,

The orpanizationdd process moded may be viewed as sugpesting
that decisions ar unwe ¢ mdy bo forccasted with abmost woinplele
cealainty from knowkdge of Acivions st time £ — Tuhere T o
the planning or lorccasting pesiod. Standard operaung prowe-
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durcs or *programs,” and education molivalion and cxperience
or “programining” of management are the critical Jeterminani
of behaviar for the organizanesal process pasdel

5} The Garbuge Cun Moded: This relalively new model [63]
vicws organizational degisicnmaking as resuliing from four vani-
ahlcy: problems, solutions, choie opporiunitics, and people, De-
cisions result from the inscraction of slulions looking for prob-
Tems, problems booking for solulions. decision oppswtunitics. ond
partiopants in the problem solving process, The moded allows for
these variables being sclected mowe o 54 ot random from 3
garbage van. Doubilessly this is a reahsiic deseripiis e model, 1t is
cxpevially ahle 1o cope with ambigmly of intention, endersiand-
ing, history, and orpanization, Furiher, it provides much support
lor & Jecdback model of orgamzalional choice in shich pref-
crences and cogailions of individuals affeet 1heir behavior, behay-
ier nf ndividuals affecl organizational choices, Drganizational
choices affect cmironmental pctivites and reapoiacs, and cn-
virpamental anilios and rosponses affoct the prefercnees and
cogninon of indiw.‘id:l-‘lh [137}. An cxscrsive and definitive discus-
siem of ambiguity and chaoieg 3a organization, with cphasis upon
ihe garbage can model, i3 contained in [237]

All five of 1he madels of Iramew ok Tor decisionmaking haive

both desirable and undesirable charactoristivs. Conclusions may

be drawn [rom these models apd 1he fact that any of them may
be selevant i spedlic circumsianves, BF we acorpd he facis that

1) devishiommnniho iy wse o valely ol ngthads 10 wlece Al
alicrnatives for acion inrlemeniation;

7 these methads e frequeanly suboptimal; and

3) maost dechionmakers desing lo ephance their decisicamoking,
clhictency and eficclivenc:s; :

then we must conclude that tfere 1s much molivation and need
for research and vlumale des’in and dovelupment of planning
and decision support systems. Ll these five models makc it very
cliear that impeoved planning . decisiomiraking eflciency and
cifectiveness and 2ids 1o Lhis ial can only be acconplished if we
undensiand human decisionmal ing as it is as well a3 how it migh
be and allow [ar incerporation of this undersianding in systernic
process adjovanis Ooe of 1he reyuirements imposed on these
adjuvanss will be rehevance 1 the individea! and group de-
cionmaking airecture [3R1], {137]. [286), |303), [#01] Another
rquircenl s relevance 1o the information requirainents of Lhe
decisivamaher, We discuss o of these in this section of our
sunes and inwrprctation. . . » “

Theee have been many studics of group decisionmaking These
inchude 1he Tundamental theordical studics of Arrow |17) and
athery which show that, undee a very mild et of realislic axigma,
there i3 no asaurcdly suceesshl and meaningful way in which
vrdinal prefereace funchions of Ladividuals may be cumbined inlo
3 preference luneiion for socicr [17), [198], (179, | 303 Conficy-
ing valucs {378 are the mapw culprit prosenting this combina-
ton. This has a aumber af toplewations which Suggest much
caution in wsing ordinal prefience voling systems and any
avalemic approdch bawd only en valing, possibly whalistic, or
heunslic prefercnoes among alisrnolives. Among other possible
debilituting occurmeness are agemla dependenl results which can,
of course, be Jue o ethor officcts [280) There have buen a
number of shndies of group &ovisions aml sowal and organi-
zatineal interactions swch as Uwewe by DNacharagh 19 Davis
(6¥] Ebert and Muochelt [89] Eubom, Hoganh, and Klempnee
192], Helloman and Hendowk 11°2], Janis and Mann JLT8)L V115
Leasien [201], Minteberg £248] vnroad and 1lasic [175] Schwin
ID12] Shusway, e aof, [329) Sie oo [ 1] Vinekor and Bumsicon
[0 [391] and i the edite. work of Hooler, Leach, aml
MoClennen [163]. Several syate oiv methods Tase been proposcd
[oa formting and JgRregrating gomp opinions a described in the
warks of Hoganh [135] Hube: [189], Hytland and Zeckhauser
{73, Rehrbaygh |95, Van Je ¥en and Delboog [348] An
owrllent survey of voling mes aly and assedacd parsdancs is
preseaied by Fislibuan [£32] ar, hy Moty 127%}

1
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Very definitve studies of the snterpersonal comparison of
wilitics have been conducted by Elarsanyi (143]]147] 1l azgucs
sonvipvingly that we make interporsonad utihity comparons bl
the ume whenewer »¢ make any allecauon ol resaurees 1a thase
to whom we fecl 1he allocation will do the mosl god The
pPIcscriplion againsl soch comparisons is one of 1wo key' moinc-
lowis which kad 15 Lhe Arcow impooaibility theorem By using
candinal wtlities such [hat W beconws podbk 10 detenmine
pecferences among ubility Jifherences {ic. whether wiad — wih) >

“ul by — wie ) and inlerperonal companson of wihies, 1Hanany

shows than Afow™s impossibilily theorem becomes 3 posublity
theorem. This is 3 majoe poinl in that il is pracrally aol possible”
for 3 group o express mearingfuk tramsitive ordinal preferemoes
for thrce or more altvrnatives even though all individuals in the
griup have individually meaningful ransitise erdinal preferences.

Hlarsanyi i3 concerned primarily with organizational dosign
[147: hos 1o desipn social decisicnmaking uails »0 35 10 Man-
nize alinment of soial obpectives or value eritena. He shows
that rational morality is Gased on mavimization of the Jverage
{cardinal) wtility level for adl individuats in seciery. The uiilitanan
critenion is apphed firsh 10 maral rules and thea there mocal culey
ar¢ vsed 10 Girect indis idual chotces. Thus each unlitarian agenl
chooses a sirategy o madmize social wility under the assump-
tion 1hat gl other azeats will follow ithe same sracpy. Hananyi
tecopnizas 3 podeauial  difficuliy [147 with e particular
ikt oty ol psaday b o fnosgeme B g s
pobineal abusts 3 well a5 1he numerous problems gasoviaied with
infurmation scquisition and analysis in 2 large centralized ayy-
wem. He posits 8 difference boiwecn moral rationality and game-
theorctic retipnality, lie argues the upavoidable use of interper-
sonal caydindl utilily comparisons in moral ratignulity and the
inadinisyibilny of swch compansons o game theory. Much of
Haranyi's effons concern game situations [148] in which oul-
sumes depend on mutual interactions beiwien morally rational
individualy, gach aticinpung 1o better their own inleresis We will
nol atempl’ 10 oaplore bae 1be sery inleresting subjects of
bargaining, conflicl, rcsolution, and ncgotiation and 1he use of
systerns for planning and decision support 1o these ends (1), [45),
(2691

Harsanyi's concept of ulilitarianism bas occasionally been
eriticized for making inadequale pravision for oquity, of rquiva-
Tenily for sona! proup equality, John Rawds, a philosogher, haa
presenied a theory of justice [191] which jovodves a diflerence
princphe in which decdisiony me made under wncendiny ratber
than under risk. This difference principle sdvocates schoction of
the alternative choice which (3 the best Tor (he worst-off owmber
of socicty and s, Iherclore, the dirct social analog of the
masimum principle for the problean of individual decisions under
cortainty. Rawl uses s “wveil of ignorance” conovpt in which
individualy must delcrmine equitable diseibution of seuichics’
tewouress before they know their pasitinn in soviely. iy argu-
ment i casontially that people will sclect & respunce allocanon
rule that mavimizes the wlility of the worst-off sreniber of soviely.
Lhiscussions of some of the potential diffwuttios avaxiaied with
Rawls’ “social contract™ justios thoory are presenicd by Ellyworth
and Gauthier |183),

nhee waehul inlerpretations of cardinal ulility and interpee
sonyd uiltiny comparisaps have been make by Keeney and
kirhwooad (1] and Keeaey [195) Then adens allow deselop
mepl of 3 mubliphcative group vility funcion 1n ventiast e e
additine uplity fuation of Haranyi, It o prsibie (0 e
dirvcily deal with cquity considgrations in 8 muluplicanse group
utility model than in an additive mesdel, Papers by thalils, Uk,
and Reency |[2010] centain insighifol discuswons aimcning group
ard indiviJusl wlititics of a multianebuge pawee. Ubaly amd
Snider |201] ®lusirase we of multianribule ubliy nusdels -
negutialions )

We are partivelardy inferested, here, in desribing dociznne
making cffores in hicrarckical ergamzavians [211] This leads
nalurally 1o & ttudy of infarmation processing in viganidanon
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Fig 10 Drlis chart on how 1o decide who thusig dedide {aficr [169]. ’ ’ ’

ard » deseriplion of bow decisionmakers may determine informa-
ton necds. While 1here have been » number of siudiea of group
decisionmaking roley and organizapenal behavior [357), 1376}, our
efforts will be based primarnly on mou of Yroom nnd Yeluon
- [A94] and Huber [169]

Huber, Vioon, and Yetlon have indicated & pumbee of po-
tendial advaniages and disadvaniages 10 group parlicipalicn in
decisionmaking. Since 8 group has maore infarmation and i nowl.
edge polentially available o i1 than any individual in the ploup,
il showld be capable of making & berler decision than an individ-
wal. Cirpup decisions are afien more easilty implemenicd than
individual decisions since participauon will gncially increase
denisian acceptance &3 woll as endersianding of the devision.
Alsa group participation increased the skills and information that

-enibess may necd 1n making feture organizatsonal decaions. On
the other hand there 2re disadvantages 1o proups, Ticy conune
more time in decisionmaking than individuads, The devisions may
nel Jully suppont higher organizational goak. Group paslicipation
may ad 10 unrcaliatic anucipaliorns of invohemenl in fulurg
decisions and rewcpiment 1owards sutiequent indrvidual deci-
sions in which they havwe not panicipaed. Finally, there is no
guaranive that the group will vonverge on a decinon altemalive.

Huber asks four pomary quostions 1he answers 10 which
derermine guideliney Tor scleciwon of a paruicylar fowm of group
decisionmaking. The delia chart of Tig J0 indicales how the
respuniacy 10 Lhese questions determines sn appropriale o of
gron dedisionmaking. There ar¢ a pumiber of subsidiary ques-
tions concerned with cach of the primary questians. For enansple,

L

we may delermine whether or pot ta involve others by posing
questions jmolving decision quality, undentanding, and, accep-
lance, personid]l developmen, and reladenshaps, u:.d ume
n.‘qu:r:d' |

Vroam and Yeiion bave been mued concemed with leadership
and decisionmaking [3%4]. Theis primary concern i5 wilh effective
decision behaviews. They develop 2 number of cloarly articulated
normative models of leadenhip siyle for jndnadual and proup
docisions. These should Be of use 10 those altempling 10 stuciure
normative of prescriptive medels of the Teadership nyle portion
of derision siluations which are capable of optrational implomen:
talion. We will sor illuszzawe these bove since Lhey oscatially
involve pencralizatons of Fig W0, It s the spparent gral of
Vroom and Yeuon ta move beyond gemeraliics auch 3s the
kadership sivle theory Xotheory Y (211) [3¥4} Thoy dedire 10
come 1o prips with and explicilly vse leadership behavios and
sityational variables 10 l.'n.h:mr.'t mpm:uunal elfovtivencss.

Much of owr discussion ip this wruon has concerned the
evaluation componcnt of various decisinnmaking framcwoihs and
organizational settings. Effective planning and decision support i
bawd not only upon cvaluation, but kpon information aquisi-
tion and praceising 88 well. We hawe emphasized this in our
discussions thus far in 1crms of individual infarmation processing
behavios, but have nol yel given explicit consideralion 1o infor-
mation procesaing behavior 1n ovganication.

¥een |19)) mbnowledpes four causcs of incrtia relative lo
organizational information systems, 1l indicates that infoima-
tian is only a small component, human informalion priwcasing i3



expenicniia] and relics on simplification, organazalional change &

increnxeolal and cvolutionary with large changes being aveded,

and 1kal data is a polidical resoutee affecting particular groaps a8
will as an ingelleciual commestity. Each of these spgesis the
inportance of a knowkdpe of the way in which inkwmation is
provessed by arganizations,

Of parliculas nlercst amang sudes coneerning information
processing in orpanieations arc the works of Baron [18), Ehert
and Mihchell |89 Fick amd Sprague [110) Gerwin and Tuggle
[12%, Hewell and Pleishman (E63L Tiober [169)-1171), Keen
(193] Likby and Lewis [203] Lucis [223]-[2H). O'Reilly |268],
Shuniw ay o wf, {129), Seewon | M]] Stachuck and Nysicom [3571
Taggart and Tharp [WIE Tushiman and Nadcr {379, Tuepghe and
Cicrw in {380), Wright [406], and Fodeck (409

The pupose of ssslems [nr planning amd decision sepport is 10
provide timely, relesanl. and acvurale inforination 16 systcm
psers such a8 (0 conhance humin judgmenl, and dicizionmaking
cliwieny and effeclivencss coarerning rosource aflecalinna that
alfect vasues under consideration. To enhance efficiency and
cilectiveness avwlable resources s be allocated and coordi-
nated in space, acros a hicrarchy of decivonmakory; and in rime,
ar new informalion arrives and the environmental sitvalion oas
tami changes. Associaled information acquisition, analyxs, and
ovaluation and inlerproiation must. 4 4 consequence, often be
disiiibuled both i space and in tine. This musl be accomplished
wlvclively in ypace and tme since dilferent deasionmakers have
dilferent informatinn aceds. §2 addiion, it will be physically
impassible and often behavior, 2y undesirable 10 supply all mle-
want mformation 16 ¢ach devivieagaker in the bope that it will be
effcctively cogaized . snd ulilized. Turither, differcnces in edyca.
(N, motivation, expurienges with the emitonmental situation
exbant, and siress will influener I:n;mlnc infarmauon processing
slyle, Conmsequenihh a ceniral task in ke design of effeciive
inferination sysiems is that of s-lection and choice of appropriate
information sysiem archileciure 10 cuhance sekective infornsation
processing in order to provide cach vser of the sysiem with Lhe
sl approprale information 2 the most appropriate time. Thus
questiens of information ~clation, infermation aggicgation in

space and in Hme, and the conungeny Lash structure become of
major |mpart.1.n<.‘t

Lt is desirablet-hat an apprognaety designed $ysiem, and the
assoviaied proeess, be capable o 1he [ollowing.

13 Assisting in the evaluation of dlicrative plans and cougses
ol action that involve Toe al nperational thought processes.
2) Assisting in 1he transfer of formal! operational situations o
comrels oncrational situalions.
Assisling in esaluation of sliemanive plans and courses of
aclivn thal involve conenit operational thought processes,
Assisting in the 2voidancr of informadon prociasiog biase
and poaor judpnantal hewiistics.
Assisling in the proper agpregation of informalgn cies
frem muliple distihuted sources.
Assisting in the use of o variety of judgmental heurisiics
appropriaie for given operatnal covironmcns as patura
-extensiors of a devisionmaher’s normal cognitive siyle,
Acadstinig, W the exient. posaible, in the determinaion of
whether a formal o conzrele syl of copnilion is nwsl
appropriale in a given sil oo,
Assisning decisioniabhens whe mied o v Tormal opera-
tanal thought amd those w hoog eapestise atlows appropaate
and effeeuive use of convrewe operational thaught 1o func-
lion ogether in a symbiote and niutally suppaiive way.

n
4
5)
LT

n

X3

Clearly there is 3 spae - lime oond an orgaaizational depemsdenct
avwiaied with these desiced crpatilities. Among 1he many con-
corns that dictaie movds and pocsienwnts for sutomaied suppor
svalemis 3a the faet that Jiision aakers must ¢y pically make mare

S Lmeans and assewiated devis umin a given period of ume than

Coahowan cugmfarlably moke,

Jhis creates 2 steessTul “wluation

1 *
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whoch can kad, s hn born noted, to the wwe of poer infurmalion
processing and judgpiental heuristics, expecidly since judginents
and decisions ane pically based on forecasts of 1he future amd,
therelore, inherentle involve unccrtainey,

There are Tormidahle nccds and issues o be resalved that ane
asswwiated with the design of inlormanon provessing and jwlg-
ment aiding suppost systems, These relale to quostions conce -
ing appropnate Juncuons for the decisionmaker and stafl o
perfodm. They concern the hvpe of inlonnation which shoukl be
aviulahle and how this information should be acquired, analyzed,
stored, sgpregated, and prescnted such 1hat il <an be sy mos)
cffvciively in a vancly of potealial opwtatnal environnwnts.
They concem desgn of infarmation syaeme with sirang spaces
time-covirunmeniad dependenccs. Th:y com o m design of infos-
malion sy1cms that can effectively “uuin™ j:eople 1o adapt and
UM .Ipprﬂpnall'.' concrele oferatianal hourislics in those environ-
mivhis in which incaperionce dictawes inijal use of fornal opera-
vonal ihought They concern design and use of information
sysiems that suppoel  ensirarmenlally owperienced  decision-
makers in (he use of a vanely of effeiinve congeele pperatonal
heurstics. And bocause af their use by muttiple decisionmiakers,
these 1asks must be accomplished in o parallel architeciural
fashion. L-

Huber [1701-{171] and Tushman a ol Madler |579) hase -.'Incl
opcd & number of propositions, bas | on their own rescarch and
upon the sescarch of others, reflecting »anious 33pects of informa-
lion procossing, in ergamizations. There are 3 number of Tanda-
mwnial propositiens develeped by Tushman and Madber which
relate to e devekopoedt of a medel of an organtzation as an
infonnation processing system These fundamenlal propositiony
inchude |379] e lollowing.

FPL: Tasks of organizations and their subunils vary in uncer-
iinty and nisk variables

As uncertainty and risk increase sn alva docs the oced for
information and iacreased jnfonmation processing capa-
bility.

Cap:ritin and capabikties in infarmation processing will
vary as a function of organization stuctuze,
Coganizational elfectivensss increases as the match be-
tween infoamalion processing royuieaknis and inlorma.
LOR processing Capacity inercases,

Effectiveness of crganizational uaits will depend upou
their abilily 10 adapt their inicmal structures ovel lime
to meet lhe changed informalion processing require-
menls hal will be aasociated with cavironmental changes

FP:

Fr:

Fl4:

FP3:

In an clfont to cnhance efficioncy, arganizational information
proceasing typically sequifes sdective souling of meysages and
summanzaton of metsagex Huber [171] ideatifics ain sarablo
assagiated with the rouring of messager Sis propositions felalve
16 mwnsape rouling are identilicd and asswiated with these sana-
bica Three propesitions are aasecialed with defay i mwovape,
cighl with organizational message modiflication, and four with
meysage sumumanizalion Table I presents an inte rpresarion of the
impas of the varahlks associaled with org anizational nlorma-
tion processing and che probabilities of rouling, Jelay, maedifica-
biews, and summarizsien of Resages. b is possibde voanler 3 Few
impacts nol dicussed in ihia notewarthy wank of Hobgr, Musit of
theae simply refate 1o the nbser stion that il sonwthing happers
10 devrease the pobatitiny of wnding & mersags unmadificd fun
the prohability of the measage Being delayed and for moedified s
inreaned.

ldentifeation of nther vafables which influcaee infisrmation
provessing hy arpanizations would repeowent a desirable avtivily.
To detcrmtine b these indormation prosessing vanables ane
influcaced by “the infurmauen proceasing blases of ool s
dizcwad i Section T weuld seem especially desirable in lerms
of the Lkcly welutnes of the rowliz amd the nced [ oan
cipanded theory of group information prosdssing hiaws. Mo
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appeans 10 have boen only limiled sesulis obtained dn e area of
cugnilive information processing biases and use of inlenor beuris
lics on the part of groups, Thus many of ihe arexs discussed in
Scctiony LT and 1V could be extended to groups

Topecially nowworihy eomcerning rosults il have heon ob-
1sined in this arca a1c the groupthink studics of Janis and Mann
1173, Groupihink i a callective patiern of delensive avendance, 3
wincunence-sovking temdency of highty eohesive groups. When
Houpthink eccun, peeple dovelop rationalizations o suppon
wlecively perecived ilfusions of wishful thinking about isseey al

md and Iypically paridpate cellectively jn devckopnant of o

emine avmdane pattern. In proupilunk & grevp cotlectively
rally wiclim ta one o movre of the cognitise Bidses desenled in
Sevtion I -

Amaong the conditions which lead % groupthink are high
vwhoiveness, insulation, 130k of use of systemic procedures for

'

BAlh RE

DIVE
[aeme ]
j

Loyt %-11 19 |
oall LTE 11 B FAR )

Fig. 11, A possible structye S isformation procoang baed vpon the
sin cleivente of kegical reasrning

srarch and appraisal, highy dircetive Jeadership, and a ¢oa-
tingeney fask sitvation which leads 1o high siress Among he
symploims of proupthink cied by Janis and Moan [177] are an
flusien of invulnerabiliny, sollective tationalization, b liefl ja in-
berent growp morality, excerive prosaure aganst dissenting views,

- self-censorship, Hesions of cranimity, 2nd fwembers who shueld

the proup Irom disconhming informalion. They cile & lage
number of case Sludicy imolving prouplhinks cases where ine
crementalism and burcaweritic politics were Lthe dominam de-
cisionynaking framcwwt boicdlly adopled. Nine proscriptions
arc pffered 1o avoid groupthnk, '

1) The group leadership sl.nulld be noncammitied to particular
allcrnalive conises of arion,

21 The group lcador shoud! encoulage eritical o atuation,

3y “Dovil's sdvocaiey™ shoudd bhe incdoded ot growp.

4) Subgroups should be feemsed, allowed 1o funciion indepon-
dently, and Lhen moeer with olther subgioups 10 eypross
peneraied deas and roalve dilfirences

53 A variety of alicmalhe secnarios of polential opponcals
intentions should be dovcloped.

) Sccond-opinion meetings should be beld 10 aliow full ea-
pression of Coubls and rethinking of Lthe issue,

7y Experts with opposite site painld 10 the majonty vicw should
be encouraged io presesl chalienging views,

B} A small “policy™ mebgreap should always discuss subproup
deliberation with the larges group 1o ailempt 10 cbiai
disconfiming feedhack

9 Independend policy planing #nd cvaluation grocps shauld
be formed.

The suggestions offered ig Sérpon [H 1o aveid cogninve bias and
1o arnclioraie he sffecty of these chal do occur appear capahble of
applicalion 10 proups a5 wel 25 1o individuals, Eaplicit siudy of
proup and organizational bias that weuld couiplimem apd exiend
existing studioy |26, [t9L [029] 135] D73k [257) [2761.{279],
[280], |388]. [390] {291} {I94] of group and organizational de-
cizionmaking should vicld reaults that are valuable for the design
of planning and decision support sysicrms.,

A major difficuliy in copmitve informalion procesing woms 1o
be lailure 1o identily and use an appropriale structiare that allows
apprapriale weighting of obwervad dara. Invedigation nf the
ellects of vanious siructwed nformiation prosessing fdecision aid-
ing protacols upoa I acquisition, analnds., snd interpretatien of
infrumation and its intcgration with judgpmem and decisien-
making aclivitics would appear 10 be a cORtemperary need in
infurntition ystem deign. There are sia ekmenls found in
enplicit argument (376

1) rluimy or hypothewes,

) pround of Teundataa 1o support the oims,

) warrann o5 justiheation for the grounds or foundatiom,

4) hoking of the genoral body of infurmation thal & pucwup-
poned by the warrant,
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3y ks quuitficrs of cirowunaganees, . hecneies, o fesic-
tionis which will have W exisd i ocd. o the warrany truly
suppogts the prounds, - -

&) prutibie reatiols o6 CircumIINCES, o1 . . CIcE, oF ICEInc:
tions which, il they exis); will refule o, ‘tish the Farce ol
Lthe warranl.

A simplified block dizpram of the inlcracui- it among, these che
meenls 18 Biven dn Fig b The informaton provessing “stoscture,
crmsisling in pan of the decisionmakers” view of pasible and
piobable aclion courses and 1he “decision situation model™ 15
specified by clemwenis 36, Elenwnl 2. the “grounds” compriscs
the silvational dala pertaining 1o the operanional condilions
oxdanl. The clsimy, chement 1, 13 the empiricat stxtement which i3
supporied by oihet ehemenis in this informsation processing airuce
lwre. Toulmin shows through examples thar the sin clements for
Jogical argumenl and reasoning can be vied a3 mode! fors
ratiehal reasoning in 4 number of aress including law, science,
the arts, manageroenl, and cthice This structurcd infarmalion
peoccasing model is alwo sulficiently general 10 accommedate
amalytical Jerarchival inference [165] {306). Thus it may well
provide a suuctared framework for informanion processing thal
can accommodale a vancty of information processing siyhes and
approaches ranging from the purely qualilative and affecgive, o
reasanting by analogy which nay be a bhnd of gualitagyr and
guanlilalive, 10 quanlilatively based filtering and deiection alpo-
nilms, This could provide enhanced wadenslanding of the im-
plivations of ¢hance, vause, and reason [55} in buinan infopmalica
Frocessing.

Lsr of 2 structured information precessing [oemal may reduce
the endency o nwasags disiorion due 10 e cuacerbaling
variables prescated in Table 11), perhaps 10 & considerable eatenl,
Mitrall and Mason [235]) have presented some suggestions con-
cerming use of structwied logical reasoning 1e cope with ill-
structured palicy problems and the ollen occurhng divergence
beiween opposing fasmulaiions and perceprions of large-scale
[LINT

Information summarnization is preded in informalion sysiems
for & vanety of rcasons. Procedures 10 condenst and organize
informalion igto a form that can be managed and used in an
tllicient manner are, therclore, importanl The struciured in-
[vimation processing model supgested Iere may well provide
organizational suppon for mosage eggregation and inlcgralion
that will accommaodaie and encouragt cifeclive informanion sum-
ruirization, We postulute that this Danwvork may accommodars
bath seceptive and precemiive styles of processing and summari-
2atioa of information. 4 ui il wil) 2lse sccommoedate nornosmen-
cal and numcncal infov aanion; and thes hopcfully enabie rapid
comversion from onc .4 the other & aceded or desired for
dilferent siluatipns.

. Inthia seelipn we bave examined 3 number of framow arks for
dovdonmaking Our particulas intersl is in the description of
these framcworks in 3 way compatible with and suprpor tive of Use
¢flective design of syslems and processes to aid growps in plan.
ning and decisionmaking. We desctibe a number of “rationat™
wais in which groups make decisions and pay panicular atten-
hun ta informalion provessing nceds in group decisionmaking.
U of a structured prouwsd for information provessing m she ™
Wina for planming and decision auppor is suggested as 3 gonerie
“suicestion of potennal ways 16 deleet and corzert possible copni-
e o that 3ffect many judgmenl tisks.
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Cun a single, integrated system be devised
to fill all of management's information needs!
Only if Superman lends a helping hand

Foreward .

Every ¢ompany uf any sze has many information
syserns, both [ormal and Informsl, The larmal sys-
teni it uses cover such a veriety of territory that one
man cannor possibly comprehend the muss of derails
_ang principles required o duslgn a alngle sepernsystem
thar embraces them all. Even a2 group of ystems ox-
ports cannol ¢reate guch a supersysem, the authos
argues, because the eamponents that mus: Be amal-
gamated are too diffeient in rtheir natures 10 be fused

Smnc ycars ago I expressed the opinion that
“af all the ridiculous things that have been
foisted on the long-seffering axvcutive ju the
nane of science and progress, che real-timg man-
agement information system is the silliesze.” !t

I no longer belicve this statement is true, We

now have something even sillicr: ¢he current

fad for “the nanagement information system,”
whether it is called the Toral System, the Total
Management Information System, the Manage-
menat Information System, or simply Mis,

I certainly do not mean to suggest chae a cora-
. pany does not necd good management inferma-
tiqh systers—nothing could be further from the
. truth, But the notion that a company can and
ought to have an expert [ar 3 group of cxparts)

ereate for it a single, completely integrated super-

systcm—an “mI1s""—co help it govem every aspect

. of its activiry is absuynd, ' :
"For mapy busincssmen, it is probably incon-

ceivable that the lofty phrases and glittering

1. “Myth o Real Thnr Mansgemncas toformoniee, ™ HEL Mip-junt
N T

together affccrively. Alter demonsuating the fudllizy
of the »ms approach, the author recommends pract!s
cal steps for reforming defective information systema,

Mr. Deardes s Professor of Business Administration
at the Harsand Business Schonl, He is well known w
HBR readers, cepecially for his significant centributions
to the theory of divisional control [A lisc of Mr.
Dearden's previous HBR acticles on informaticn sys-
ems appé.?n in the ruled insert on page y8.

promises suyrrounding the Mis conceal 2 com-
pletely unwaorkable concept, Yer this is exactly .
what [ propuse to demonstrate—that 2 company -
that pursues an Mmis embarks on a wild-goose
chase, g search for a will-o'-the-wisp,

Let me first try to explain what I understand
by the “mMis concept” and cxamine iw alleged
advantages, and then show why the conceptis un-

" workable. Then I shall be in a position to rec-
ommend some practical remedics for defective
. management information systems, which certain-
1y constitute a real problem for executives today. |

—ramom

‘Confusion between ‘tei*ufs

It is difficult even to describe the »as In a satise
factury way, because this conceptual cntiry Is
embedded in a mish-mash of fuzzy thinking and
incomprehensible jargon, Tt is nearly impossible
to vhtain any agreement on haw mis preblems
are t0 be analyzed, what shape their solutions
might take, or how these solutions are o be



implemented. This confusion makes it very dil-
ficult to attack the concept, because no matter
what assumptions a critic makes about the pa-
ture of the mIs approach, a proponent can always
reply that his use of the term is different from
others’.

But thcre is & common thread which runs
through the varipus uses of (the 1erm, 2 thread
that at once unifies but also subverts the mis
literature, This thread is the computer-based
inlonmation sysiemn,

Computer-based activity . .,

Wherever the mis js discussed, it is almast in-
variably staied that 2 management inlormation
systerm does not neccssarily require a computer
and that many forms of management infoima-
tion are not computer-based.

Yet, if one looks at what is actually being
discussed, he quickly discovers that the teim
“mis® is used, cssentially, to stand for “com-
puter-based infutimation systems.” For example,
a recent article in Business Week read as Jollows:

“|Somel, canremed that systems analysts are
... & 'mixed bag’ whose training and knowledge
arc a hil-or-miss proposition, are convinged that
management information systems [mis) is the
emerging Reld in huaness administration. Both
Whanon and MIT have 1silored programs cspe-
cially for systems specialists, but no school has
gone further than the Univessity of Minnesota,
whose B-schoo! now offers MS and PhD de-
grees in rnanzgement ipfcrmation systems and
has lauiiched an mis rescarch center. Since the
center's opening thrce years ago, mis Director
Garden B. Davis and his stzff have warked to
develop 1@ new systens-related courses—from

on-line, seal-time sysiems to a seminar on soft-

ware. in addivon, the program’s o MS and 12
PhD candidates spend a good portion of theis
time alone and in teams at work on actual
computer problems in industry.® ¥

It scems evident to me that pits education as
desciibed here is principally education in con-
puter-based information systems.

It is vital 10 note, first of all, that the in-
formation gencrated by this kind of system docs
not include a great dea) of the information that
is most imponant to management—especially,
important qualitutive information. Sccond, a
specialist group that develops such a syswem is
usually responsible far implementing anly one

- part of any ol a company's individual manage-

M s a misge
ment information systems—namely, that pant
that interfaces discetly with the computer. Tor
example, such a greup has lidle [if anyithing)
to do with specifying the nature of an account-
ing and financial contral system, although it may
be respunsible for the ecomputer programming
this system cmploys. . ’

My conclusion, therefore, is that such a proup
has little impact on most of the informatian sup-
plied to managemeni, particularly at upper lev-
cls. Consequently it is ridiculous to say that
it creales [or can create| a total managoment
mlonnation system,

. V:'i. Mis

To the cxient that ss refers enly 1o company

information systems that use a computer buse
and to the extent that everyene understands
this Mmitatien, 1 have no sericus quantel with
the trend to ais; it is vital that managemenm
tightly contrel its computer-based inlormation
systems, and in general 1he so-called mis groups
scem designed (o guarantee a tight rein to an-
agemenl. .

In my expericnee, however, such a linained
definition ol sis is not what advocates of this
approach 1100 inflarmation systems mean when
they use the werm. They imend something novel
and (ar more global, some entdty thar can provids
revolutionary benefits we cannor derive from the
traditional approach, Walter Kenneron suggests
this definition of the mis: ]

“A management information sysien is an wi-
ganized method of providing past, present and
projection information relating to inmernal opet-
ations and cxiernal imelligence, 1t suppors the
planning, control and pperational function of an
organization by [(urnishing uniform infema-

.tion in the preper time-frame to assist the deci-

sicn-makey.”*

Thiz is approximately what 1 perceive most
reeple to mean by aus. And if his definition
seems grandiose, 1 can only remark that “rhe
management information system® d scribes a
grandiose idea. If the definition were 1oss global

i its scope, it would not measure up o Lhe

term. I, for example, one were o limie the del-
inition 10 the contexe of a company’s financial
accounting puograms, he yould have 1o speak
of the financial mis of the-company, raher (than
its gencral mas,

T Twmz 1 w11, b .
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However, in’ practice, ne such limitations arc
intended. Kenneron's inclusive delinition of the
mis appriach is quite consistent with the nearly
untiversal benefits claimed for it | .

The MIS nppfzmch

Given this inclusive definition, how is manage-
ment w apply it In other words, how should
management think abour the problem of setling
up an mis?

Fundumental assumptions

First, it appears that if managenient wishes to
subscribe to the theory of the s, it must make
up its mind to accept two fundamental [if high-
Iy questionablel ussumptions that are quite dif-
ferent from craditional ones made in this area;

1. Manggemeni information 15 a subject for

study and specialization. That 15, it is sufficiendy

hemogeneous so that a set of principles and
practices can be esablished for cvaluating all
management's information needs and satisfying
them. .In short, the s approach aracks ail
the problems of management information as a
whole, rather chan by individual areas, such as
finance and markating. This homogeneity is a
necessaty assumption, since without it there js

no reason why general solutions to a4 manage-
" ment’s information requirements can be found.

2. The systems approach can and should be
used in analyzing management's information re-
guirements, Proponents claim the systems ap-
proach is necessary for mastering the spraw! of
requirements and for synthesizing the general
Mmis solution. [I shall have more to say about
the systems approach later)

Diagnosis & development

QOnce managerment has accepted these two as- -

sumptions, it can begin to develop an Mis pro-
gram. As the theory goes, there seem to be two
techniques for secting to work:

O Managemene can hire an s expert to act

a5 a superconsultant to the president of the

company. This expert studies the types of prab-
Jlems that the president myust solve, the decisions
that he must make, and so forth, and recem-
mends methods for satisfying the presidant's
total information reguirements. He then drops
to Juwer levels of management and provides the
same services there.

v

[

In genceral, the expert depends on olhers to
implement his recommendations. For example,

_the conwoller becomes responsible Jfor chang-

ing the cost accounting system in the way-the
consultan recomrmends.

O Managemcent can crcate a staff de partment’

that reporrs to the top: This group is responsible
for the company’s computcr-based systems. but
also provides the same type of dizgnoses and
evaluarions as the supcrconsultant.

The staff group, unlike the consultant, usual-
ly has tesponsibility far implemenation,

Its aI_Ieged advantages . ..

Under this approach, then, either a single person”

of a graup of persons is responsible for devel-
oping and overseeing the construction of the
entire management information system. This
concentration of authority and responsibility in
the hands of systems Lxperts supposedly creates
a number of significant advantages:

O fxperts schooled in the mis “discipline”

can analyze management’s information nesds
maore effectively than can the pecple traditionai-
ly responsible for satisfying them. Morcover,
these r:xp;ﬁs can becter determine which tech-
nigues will best meet these needs,

1 Because the mis is developed as a unified,
single system, rather than as a number of sepa-
rate systems, it is completely coordinared and
campletely consistent.

O Information needs are determined from the .

top down. Hence the top will be in better con-
trol; the frequent practice of letting lower man-
agement decide what information will pass up-
ward is eliminated.

D The company reduces its direct information
costs by eliminating systems. Also, the mis itself
15 cheaper to run becayse it has been designed
by information experts who know the most
economical means for satisfying management's

- jnformation needs.

[ Since one expert ar group is revponsible far

the system, management's desire that the sys--

tem be kepe up-to-date can readily be satisfied.

In short, the proponents promise, cxpcm can
#1s that is more effective, more ef- |
ficient, more consistent, and more dynamic than-

design an

the haphazard aggregate of individual systems a
company would otherwise employ.
These are Impressive - advantages that any

manager would enjoy, and doubtless this ap-.

——— T

[ E—



proach was developed to solve the real prob-
lems of poor information that have been plagu-
ing' management with increasing frequency.
The growing complexiry and the pace of change
of modem business, cspecially’ in the last ten
years, have surely made many information sys-
tems obsolete and many more inadequate for
present taska,

Equally, the last ten ycars have scen the ex-
icnsive development of information wechnology,
imanagement science, and systems analysis—a
development that bas been accompanied by
rapid giowth in the number of experts working
in information systems.

To some—that is, the proponenis of mis—it
scemed Jogical 1o centralize the development
and contre! of information systems in the hands
of these cxpers. Mtc_r all, the problems that
beset infarmation syslems have been the result
uf change and growth, they reasoned; and these
prublems could perhaps be solved by using
the new information technology thar had been
developing simultancously. '

Several companies have tried this approach,
and many people currenuly advocate it In spite
of s apparent logic, however, 1 know of
na campaiy in which it has worked on, This
fails to surprise me because, as 1 have already im-
phied, I believe the whole sis approach is funda-
muentally {allacious.

... &) its real fallacies

There are fous ggllaciu and one serious mis-
conception inherent in the mis approach, as |
have deseribed it, The fallacies are these:

¢ Management information is sufficiently ho-
ntogencous so that it can be made an area of
specialization for an expert.

¢ If the different infonnation sysiems ordi-
narily used by a company are developed sepa-
rately, the resulting management informaiion
system will necessarily be uncoardinated and
therefore ineflicient and unsanisfacrory.

¢ The “sysicms” approech is a2 new boon to
business administration.

¢ It is practicable to centralize the control

over & company's entire management informa-

tian Eystem.
!
The misconception is this:
0 The specialist expertise that creates a good
logistics system for a company can extend its
talents into the oad domain of general com-

M a mnage
'

pany activity and ercate a general management
information sysicm.

Thuie is no jeason ta Suppose an MIS gruup can

actually do this—in fact, there is good reasun 1o

think it cannot, '
Let me refute these errors ane by one.

1. The true M}5 expent does not and cannot exisl.

A complete management information sysiem
consists of such a huge assortment of diflerent
types of activities that an man can possess 2
broad cnough se1 of special skills o apply tw
even 2 small proportion of them. Censider the
skills required to build any one of these individ-
uzl information sysiems.

The financial occounting aml cantral svateni:
This includes preparation of financial state-
ments, developmens of budgers and long-range
plans, analysts of capital investments, publica-
tion of product costs, and sa fornth.

Traditionally, the controller is responsible for
all these financial subsystems; with respea 1o
the financial informatian systemns, he plays the
role that the mis expen is suppesced o play in
the general management informatiun systems
In complementary fashion, the sMis vapert wns
have a thorouph understanding of 1he conval:
ler's systems functian.

The lozistics mfopmation svsiom: This system
controls the flow of goods from the puichase ot
1aw malerials to the physical disinbution of the
finished products. Next ta the Anancial cont.ul
system, it is probably 1the most comprelicnsive
infarmation system in the wypical manulacturing
business.

A logistics system normally consists of several
subsystems ol varying degrees of indepemdence.
For cxample, there could be distinct syswems for
different product lines. Within cach preduct liae,
furthermore, there could be subsystems lor po-
curemend, production schedeling, finished goods,
inventory conteol, and sa forth, and il othees
for plant utilization and expansicn. Depending
on its industry, a company has a larger or smaller
number af complex, interrelated logisties in-
{ormation subsystems.

The eritical point to note here s that the
Jogisnics information system is almuost complee-
ly Jdifferent from the financial information sys-
temy, In puint of fact, moast of 1the skills needed
10 develop financial information systems are of
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o use in developing logistics informatian sys-
tems and vice versa. Even the user relanonships
are different. In building 2 financial information
system, the controller develops o systemn that

pravides information for management outside

the firance function, whereas lagistics informa-
tion is normatly developed and used by the
peaple directly concerned with legistics.

Furthcrmore, logistics subsystains frequently
have litde in common with vach other, sa that
an expert in one type of subsysiem might not be
ahle to transfer his expertise to 3 different type.
For example, chere may be bide or no similarity
between a procutenment information system and
a finished-goods distribution system. Like the
financial systemy, the logistics information sys-
1em of suhsystem 1s a2 job for a specialist.

The inarketing information systems: Like the
two systems just described, the marketing in-
formarion system can also consist of a3 number
of subsysiems. A company may maincain sepa-
rate subsystems for separate product lines; and
within a product line, it may maintain further
subsysiems for advertising and sales promotion,
short-term sales forccasring, long-term sales fore-
casting, product planning, and so forth,

Again, the critical point is this—a marketing
informacdion system iy almost cumpletely dif-
fercit frain the other cwo systems. Consequent-
ly, expertise in either or both of the other sys-
tems would be of limited value in developing
a marketing information system and vice versa.

Legal services, industrial relutions, and public
relations: One of the major putposes of each of
these siaft functidns is to provide top -manage-
ment with specialized information different from
that provided by any ather staff office and diffec-
¢nt from that provided by the three information
systems previously deseribed.

Re)D reporting: The information system man-
agement requires in this area is distingt from
all others, and expertise in these other arcas
offers limited help in developing an R&D in-
formation system,

In short, except in the small company [which
probably needs only simple systems), there are
scverdl information systems that have very fow
similarities and many wide diffecences. Con-
stquently, it makes no sense to regard the pro-
cesses of developing and implementing these
scveral management information systems as

canstituting a single and hemogenenus activity.

I conclude that few, if any, ndividuals hawe
the training o call themselves experts in man-
agement infonmation systems. Indeed [ belivve
it is much more practical o teach the new in-
formatign technology ta the functional experts
than to reach information techuologists fune-
tional specialties. After oll, the man who could
master all the functionzl specialtics—the frue
mis experi—=would have 0 be #n intelleciual
superman; 3nd hence he does not and cannot
exist excepr, pethaps, 28 3 veny rate exception,

If an aus can be implemenred at all, it can
only be implemented by a staft group, and enc

of considerable size.

2. Coordinated systems for functional ureas can
be developed without o "totel sysiems approach,”

“Unless you develop the mis as a single, ince-
grated system, all you will get 1s 4 bunch of un-
related, uncoordinated, ineflective systems.” If
I have heard this statement once, T have heard
it a hundred rimes; and it still is not true.

[ have secn many sysfems that have intricaie
interfaces with one another and that are siill
eflicient and effecrive; In the automobile indus-
try, for example, the development of a new
mode] car involves many functions—styling, en-
gincering, product planning, fnance, facility
planning, procurement, and production schedul-
ing. Each functional unit develops its internal
information system for controlling its part of
the operation; in addition, at each inerface, the
funciional units exchange the informaiien nee-
essazy to maintain coordination between them,

If an information system is incffective, the
cause js very likely to be the incompetence of
the people respensible for it, not the absence
of the general smrs approach. In this connection |
might quote Williain M. Zani;

“Most companies have not conceived and
planned their management information sysiem
with any significant amount of artention to
their intended function of supparting the man-
ager as he makes his decisions’ !

*

Zani goes on to sugpest a hew appro i to de-
veluping au M1s as a solution te this situation.
My solution would be to make some perswimel
changes, because anyone who fails to design an
information system for its users is incompetent.

Such incompetence is very pievalent. 1 have
scen dozens of companies where mansgement is

A “Rlurprom boe WiH,~ 100K Noreober Decrmbes 150, p a5
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not teceiving half the relevant accounting ine

formatian that could be made availsble il the
Anancial information system bad becn properly
designed in the frat place. And although T am
not sufficicntly cxpert in other types of in-
formation systems ta know whether the same
situation cxists there, | have no reason to belisve
accounting is wotse than the otheis.

To asscrt that such problems as these result
{rom the independent development of different
mfonmation systems, rather than from sheer and
ardinary incompetence, i5 simply ridiculous—
and 1o recommend the “Mis cure” is even more
ridiculous. Te ensure that a compony has effi-
cical information systems which sre well co-
crdinated with one another, management necd
anly bear down on the personnel in the various-
funetional areas who are responsible.

3. *The systems approach’ s merely m elaborate
phrase for “good nmianayeinent.!

There aie many definitions of the systems ap-
pruach, but the following is representative:

“The systerns approach to manugement is
hasically 4 way of thinking. The organizarion
i viewed as an integrated complex of interde-
pendent parts which are capable of sensitive and
accuraic interaction among themselves and with
thels envirannment” *

What does this mean? It took me some time 10
figure it gut.

When the sysitims approach Brst appeared in
the literature, I 'had a great deal of difficulty
understanding the concept; and my confusion
increased until 1 started asking people this gues-

tion: “What would an executive da differently .
il he wese wr adopt the systems approach in place,

of the traditional ones®

Without esception, the replies | received made
assumptions about the traditional approach that
simply are not valid, For example, some assumed
that the exccutive pereeives his organization as
static; ouhets, that he tails to consider the inter-
action of relared variahles. In other words, the
replies wore predicated on an incompetent, even
a stupid, vxeeutive.
* Thus [ eoncluded thar the alleged advantages
of 1the systemis approgch seatly result from the
diffcrence between an adeguate and an inad-
cquare manages. H you doubty his, 1 invie you
in ask the question |did the nexy time you hear

b Ay bbbinlakio, "The Whys ] Wherelro i ihe Sy sirmn
Apteenbagiy,” Pl Fomigess, Su s Jqln.

MI5 |3 2 eiraze

somcone champion the systems approach
management,

It is therefore not surprising that good man
agers fallow the systems approach, because this
approach is merely the ancient are of manage
ment. Would a competent busingss cxecutive
plan a major expansion program without con-
sidering the sources and timing of funds, the
svailakility of people, the possible reactions of
competitors, and so forth? Cerrunly pot. And
he would consider them in polation to ane
another,

My conclusion, then, is that the systems ap-
proach is precisely whar every good manager
has been using for centwivs. The systems ap-
proach mway be new to science and to weapons
acquisirion, buu it is certainly not new 10 busi-
ness administralion.

At 1his poim,let me summatrize briclly. Firse,
an mis would have to be developed by a group
compesed of experts in the various types of in-
formation” systems uséd by management. This
must be 5o because the pessibility that a single
individual will be expert in o types of infur-
mation 15 1cinote. Second, the approach taken
by the aus group would be approxiniaccely the
samy as thae t.1Lun hy any compeent and expest
manager working in one of the functioral in-
farmaion sysiems.

How, then, does the sus approach difler fum
the traditional approach @ information systems:

The onty diffcrence 1 can sce 15 that a com-
pany's management information system would
he the responsibility of one centralized groap,
whereas, traditionally, the information sysicms
experts have been Jocated in the various func-
tional arcas. This brings me to the last {allacy—
that such centralization is practicable.

4, Centralizing the contrel of o compuny’s in-
Jormation systems jn o staff group crentes prob-
Ieins that nee insoluble; therefore it is simply
not feasible.

It is theorctically possible to assewnble 2 safl
MiIs group that is sufficiently targe and diversi-
ficd to have expertise in all the formal inferma-
tion xystems Jueseribed caclicr -m-lrkl..tmg, man-
whaciuring [Ingistics!, Bonance, and so forch. But
0 mganize thiz group properly, the company
shauld appoint an executive vice president for
information v supervise the work vl the guup=
that is to gay, the systems of the staff vice prosi-
dents, che controller, the logisics informadion
croup, the marketing informatinn group, sl su
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forch. But whar would this accomplish? Let me
ignore the fact that no sane manufacruring o
marketing executive would delegate che respon-
sthility for his information syseent.

Onc result might be that this cxecutive vice
president for infurmation would promote better
coordination berween functional areas, Ou the
other hand, of cuurse, the problems of covrdina-
cion would drstically incrvase o the manulae-
turing and marketing arcas because the respone
sibifity for the informartion systems had been
separsted from the people who hold the line re-
sponsibility. And in any event, simply having
all of the informartion groups, including the amis
growtp, rcport ta a single executive would hardly
change the approgch o developing information
systems. Thus the special value of the mis ap-
proach is stil! obscure.

In short, it scems to me that if any of the
Mis people are competent to t2l] the functional
cxperts what 10 do, they should be in the fune-
tional area. } sce no logical way to centralize
the responsibility for all the management in-
rurmation systems.

Significant misconception

If the ats approach is as fallacious as ! believe
it 10 be, haw has it been able 1o maintain cven
a superficial credibility?

The answer, as 1 have hinted carlier, is this:
the carly success of information technology in
repovating logistics systems has been so great
that there is 2 natural inclination ta try the same
methods on the company information systems
as a whole, ;

This misconception has evolved in a natusal
cnough way. Responsibility for a logistics sys-
tem has traditionally been divided among sev-
eral executives—e.g, in purchasing, in manu-
facturing, and in marketing. This divided re-
sponsibility has often resulted in poor coordina-
tion throughout the system. Furthermore, the
penple responsible for the system have often
been old-fashioned in their inethods and rela-
tively unskilled in information techniques. Thus
a vacuum has {requently existed with respect to
the responsibilizy for 2 company’s logistics in-
formation system into which the borgeoning
information technoelogy has moved easily and
successfully.

However, as we have seen, there is no 1eason
to suppose that the principles of information
rechnology used so successlully in the legistics
area can be generalized to apply to the other

-~

managcment infarmation systems within g com-
pany or to the management infooation system
considered as o whole.

Thus, when a group of expernts has completed
its overbaul of the togistics system, it_will not
be in a position to attack the Ainancial, market-
tng, or any other system. First, the gooup will
not have the specialist expertise requined. See-
ard, the wpe of problems the goup may have
found in the logistics arca will atinosi venninly
nor exist in other arcas if the srafls i these
other 2reas ate competent, Thind, dhere will be
no respunsihility vacuum as in the logistics area,
the mis group will pet be in a position o take
vver by defzule,

1f you have any doubt about the validity of
these statemients, [ suggest thar you cxamine
the kinds of things that any »us group is Jdaing.
Outside of the routine computer sysiims, you
will almosr certainly find them concerned ba-
sically with parts of the jogistics infermation
systemi only.

Ii

. 1 .

Roots of poor information ’,
So far this article has been quite negative. Now
1 should like to suggest some positive actions
tp mitigate the information crisis, if it can be
catled that Before [ propose these actions, how-
gver, it s appropriate to review the causes af
management information problems.

As I have pointed out, the prinvipal cause
of poor information systems is that we have
put incompetent or ineflective people in chatge
of these systems.

The secondary causes are somewhar more
complicated.

Growing use of computers

Computers and computer-related sysiems actiys
ities have been growing very rapidly, and cue-
rently the cost of these activiaes has become
very significant in many companics. In spite of
large expenditures, however, the jquality of the
information available to managanent apprars
unimproved.

Cine reason is, of course, that some computer
installations are not run efectively. Another is
that ‘the computer-based information systems
have been oversold; management has Loen ed
to expect myuch more rthan it has reccived. In
other words, management's dissatisfacion with
its information occurs, not from any detericra-



jion in its information systems, but from its
inflated expeciations. )

interface conditions

Individual systems change and improve art dif-
fcrent rates, and this creates problems at the
interlaces between them. For example, opera-
vinns sescarch techniques, used in modemn lo-
gistics systems, require moch mose sophisticat-
ed cost accounting information than traditinnal
cost accounting technigues can generaie. Prob-
lems can also occur at the interface berwesn

production and marketing, because production-

scheduling technigues are [requently much more
sophisticated than the techniques ordinarly
used in market forecasting.

In peneral, the bencfits of advanced 1ech-
niques may bt largely lost where they are de-
pendent on mimitive ones, {To some cxtent, of
course, the problem of proper coardination at
the intcriaces reflects the competency of the
stafl involved. Other things being equal, only
an incompelent would use 2n advznced tech-
nique whose ¢flectiveness would be undeymined
by inadequaie suppost.}

Rapidity of change

Many companies ar¢ changing very yapidly, and
it is nceessary that their information systems
keep pace. In some companics, inflormarion sys:
iems are not keeping pace, To some exient, this
is caused by the inability of tha staff personnel
raditionally responsible for information sys-
1ems to react to change. After all, many people
who were onee perfectly sdequaie in a relatively
static situation become incffective in a dynamic
situation,

Creater imanagement challenge

Management must alwsays operate with insuf-
ficient information. And frequently, the more
important the decision, the greater the uncer-
winty. In many areas the truth of these state-
ments is becoming moze salient because, while
the role of management is becoming mose com-
" plex, the new information technology is not
helping significanily.

For example, T have speng many years working
on control systems for decentralized campanies.
The problems of conniol in such cempanies taday
ate much more difflicult than they were ten
Years ago—incrcases in size, complexity, and geo-
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graphical dispersion have made control much
more diflicult, Yet the new information tech-
nalogy hasbeen of little help in this ares, simply
because the problems of controlling dvcentral-
jzed divisions do not lend themselves e com-
puterized or mathematical solutions:

Accordingly, it is imponant to realize that
part of our information crisis results from the
nature of the present business environment. We
shall simply have to live with it. Thi does non
mean, of course, that we should noy continue
trying to imprave the sitvation.

-’

Toward real solutions

Any company that believes it is facing genuiny

" management information problems and wants

to solve them should consider the following
measures, -

i. Place competent people in each of the formal
information systems.

To my mind 1here is no question thar incom-
petency s the lkeading cause of problems in many
management information systems. Henee the
obvigus answey is Lo retrain ar replace the in-
comLpetents.

-’

2. Examine the intcrfaces.

This is test done in ¢onnection with sysiem
evaluatinn, and the examination sheuld focus
on theee evaluative questions:
Ols there ad_guie communication berween
individual groups at all important interfaces?
The executive might hear in mind formal tech-
nigques such as scheduled meetings and formal

ragrCCements. .

C Does cach group involved in an inlerfuce
know erough about the other interfacing sys-
tems 1o da its job efectively?

This is a question of education, For cxample,
cost accountants should know enough abown
company operations-research models to be sure
these models are providing correct inlormatian;
or, at the very Jeast, they should be able o ex-
plain to the OR group the relevant limiwrions
of the information their group can supply. On
the other hand, the OR pcople should know
enough about cost accounting to ask for the right
tye of data and 10 appreciate the limitatus m
the data they reccive.

Rut although this is poancipally a maner of
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education, it way well be that some staff mém-
hers are not inellectually capable of handling
inrerface requirements, and they may have wo
be rcplm’.:fu.

3. Ewn{inc ll'u' Iergistlex sysicn.

'I'.']'rtgml.lll]r1 many [ugisies systeins were organized
far manual dara processing and have never been

changed. Equatly, the procurement, produciion,
and distribution functions wypically report o
different execurivey, aml consequently no one is
formally responsible far the logistics information
system. Sinee e s here thar computers and in-
formarion echnology are most applicable, man-
agemeat should evaluate its logistics arca and,

Readers parsiculaely interesied in this wple may wish
tn consuly chese picvious HBR amicles hy Professor
MNeaden:

“Can  Management  Infoemarion D Auviomared?®
Mash-April yyiy, p. rad.
“Comnpiierss Mo Impacr on

Linvary-February 1967, oo 9.
“Hiw e Orgagize Informacion Systoms,™ March-April
1ghs, po Bl '
“Myih of Real-Time Managemear Infoimacion,’”” May-
lube 1966, p. 11].

Divisimal Contrel

Fur mose perspeciive oo the cxig-mn controversy,

eaders may alse find these HEBR aiicles helpiul:

Warren F. MoFarlan, “Mioklems in Planning the In
frmation System,” March-April 1971, p. 75-

Willum M. Zani, "Blucpring fnr ML5," November
December 1y70, poys,

" ]

where appropriate, reorganize it and make a staff
unit, respansible foz its logisrics information sys-
tein, repait to the company officer who dirccts
the logistic system itself.

4

4. Organize o central Ll.'m;rpu tcr group for S}'Hcms
Lnntmt

Computer use will continue to expand, and it is
vital that management maintain central conerol
over computers and compure-based infarmation
systems.® Such a group should be responsible for
aversecing all computer-related work—for long-
angc planning, coordination, and conuol of all
computer acquisitions and zpplications. In addi-
tion, it should be respansible for coordinzting

& vox Wanes F. MeFardan, “Fabbrm m Faanmg ihe hhrmlm
Sy virim, " 1IAE March- Ap-uﬂ IwhL B T

cumputer-based systems aid might cven wader-
take the systems and insplemencaion wark in g
situation where several organization groups use
the same data base.

Most companics already have such groups.
Some are even called “ars groups,” althaugh, in
reality, they have authority only over compuier-
wlated work.

3. Create onr administrotion vice presiden, if one
daes not gfready exist,

1 recamnend the creation of an ofice ta which
the fellowing report:

O The controlice.

< The treasurer.

Q The computer and sysiems group.

O The legal ofice.

O The industrizl relations office,

O Other offices for company relations jthar is,
public and governmental).

O Organtzation planning.

The marketing, mmanufacturing, and R&D giou)s
would continue to he independent.

Such an wffice has several advantages:

O It pravides better contzal aver the staff ag-
tvities. The ncreasing pumber ol staff opera-

. tions, together with their incivasing specializa-

tion, has made it nearly imposaible lor the pres-
dent o exescise real control here. An admin-
istrative vice president can exercise much more
ctlective control aver the size and dicection aof
thuse activitics.

3 Tt provides a practical altcanative (o locating
the computer and systems gioup in the con-
troller's office. An administrative vice president
can provide cffective supervision and, 4t the
samt time, maindin an ebjetivisy thar a con-
woller oficn Ands difficult because of his in-
volvement with specific compuier applications.

O Tt allows the company to handle miscelan-
eous projects easity—for example, an ¢val :ation
of a functional information system or an analy-
sis of the forma! information entenng the presi-
dent’s office. To take care of noniecurring or
patticulzrly pressing inlormatinn sy<icms prob-
lems, frequently the best arrangemens is 1o o1-
ganize wmporary task forces that repoie w the
administrative vice president,

O 1t simplifics the process of coardinating staff
offices,

. )
However, | would not make the administrative
vice president or the offices reporting ta him



responsible for the entire management infor-
mation systemn. Markcting, manu:factunng, and
_ R&D would all be responsible for their own in-
furmation systems. Alse, the different activities
‘reporting to his officc would develop their in.
formation systems in relative independence, ex-
cept where interface communications are in
quEsLOT.

Questions for my critics

Inevitably,. 1 shall be sccused of sctting up a
straw issue in this article and then demolish-
g It

1f the mrs approach seally embraces only com-

- puter-based infarmation systems or centralized
logistics systems, then 1 have set up a straw
issue, No harm has been done, however, because
1 have a1 least clarified the meaning of “mi15.”

But 1 cannat believe the concept is meant to
embrace only this, 1 have done my best 1o dis-
cover what the MIS approach teally is, through
talking with its proponents and studying its
litcrarure; and this article honestly represents
niy best undersianding.

if I am corect in believing that the approach

Ml s 8 mvage

pretends to cmbrace more thin compuictized
systems and logistics, then 1 have not set up a
straw issuc. And thosc who doubt my conclu-
sions, negative as these may be, would be wise
to ask themsclves the {ollowing questions before
they take up the pen of protest:

O Which information systems are w be in-

_cluded in the mast

C What kinds of experts are to be included in
an mis group, and what training shall they have!

O Where is this group 1o Bt into the corporate
organization? In particutar, what will happen to
the staff gioups from the controller’s office, the
legal depastment, the marketing reseaich depart-
ment, and so forth!?

O What authority is the ais group ta have!
Is it to have authority to design and implement
systems, Or 15 it 10 serve in an advisory lunc-
tion only!

O What can this group accomplish that cannot
be better accomplished by placing information
specialists under funcrional groupsi

Arguing the viability of the aus apmoach is
pointless unless answers 1o these questions A
sct forth clearly, And the clearer the answess, |
believe, the hore transparent the mis mirage.

Scientists
& critics

Moruper Taube,

Compters and Common Sengr,
New York, Columbia Universiny
Press, 19f1, PP LXE, 124

The crlticism of teience in the twendeth eencory is o kind of Nse imicad
somewhat equivalent 10 eriticizing the Roman Caiholic Chuich in 1he
twelfth century. It is scldom realized thar every form of inrellecrual en-
deavor with the exeception of science has both praciitioners and infinmed

" critics. These crities in the ficlds of poctry, fiction, drama, painting, sculp-

tare, muosic, ete,, not only funcrion as interpreters of the practitioncs w
the general public, but as critics who compare apd evalvace the wirk of
the pracritioners. A critic who never wrote & poem, composcd a score, or
painted a piciure may perform the valuable service of noting that a par-
ticular poem, score, o7 painling is uninspiced, shoddy, 07 imilarive. Fusier-
maore, no one seriously supposcs thal the work of such eritics conslitetes
tensorship or restpiction on the free crediive spirits of poew, musicians,
or painters. But scienvigts have jnsisted that any ctiticism of their work
doca canstitute ¢ensorship ot a failure to apprecizw \he necessity log
*hasic” [which somctimes shouhd be crad ag erivial or vseless) roawcarch. .,
The way things are new, f someone tan ger by with pucenipting the
use of 1he torm “scicoce” he is relatively free frum exposure as o chadlaian
cven if he js one.



DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA U.N.AM.

DISERC DE ESTRUCTURASDE DATOS

ARTICULD
HANAGEMENT MISINFORMATION SYSTEMS

EXPOSITOR:
ING. DANIEL RIOS ZERTUCHE

MAYD, 1984

Palacio de Mineris  Catle de Tacuba 5 primer piso  Dateg. Cusuhten 3 Mixico, D.F, Tobt: 5214020 Apdo. Postal M2



§ qARUCNINT BOTMCY
171 ., D, T
;" it e R A . -

&

._'_-—I-Fﬁ

MANAGEMENT MISINFORMATION SYSTEMS®

RO=rLl L. ACKOFF

- em s ma oy

Mimmt

Five mapmaptices commocly gade by desigoery of masagemarnt aformy L
upeieng ary identifed 11 i wrpoed that tese sre mot hustifed is many Gf 2t
Mwimt} cims sl brucy lnad b cmjor deSciencen la (e moaliisg Syt
T wpsaptionr: ury: {1) Ut exftice] Seletior=y mnder which marl moxsgrrs
speraiy & e bk of wlerant infarmation, (2} 1he maneter Sivdy Thy infer-
tonlion Jr wasls, 37 W o consger bus Ty informosiisy he teedy his decigion
mating will [egwovy, () bater ommysicating beleyen manaptos improyss
wepagbatipeul perfomeses, sl (1 & easager dick mpt have té monbrryiasnd
t Trw Biy delwrrsaaion sywies twrks, saly b W owy L Te wrereytin St
I L I T o ——
I Informatiog ey vhoyhd bu bubrdded in & Enpppwment control Frriem
. A pracedurm fer Soxigalug mch o aysiem W proposd asd ws oy B pres
of tha type of comtml] syutem which it praduoey.

: Thpming;ﬂmplt'nnﬂnpu:ﬂnummmhﬂlndmw&m-
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- nement of our time, the cotuputer. Such enthuviasm v ooderslandshle but,
- vertheless, some of the excesses to which it kas led are not excusable,

- Coatrary to the imporemion prodmced by the growing Literatur, few com.
' silyrieed mmageswnt informaiion syytens bave been pol mio eperation.
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 There seem W be fve comevm sod eryoneos asimptions wderlying the
teicn of most MI5%, each of which J will crusider. Alter doing so T will outline
i RS degign procednrs which avoids thee asmeaplioos

Gire Them More

Most AMIS" are fiesired on the avsumpdion (hat (he oritieal deficney wndey
shich mumt mansgery opevate B (he lock of releyal information. | do ot deny

Giay memt trenapers back 8 pond del o infotmytion that they shonkd kave, but -

o demry thay this is the moet important jaformations] deficncy Iram whirh
Gy puffer. Tt seeme 1o me hat they suffer oure from an seer shundencs of
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Thix is bol & play oo wonds. The consequences of changing the viphaimof o

MSfmmr&mMmmhmmlﬁmh
i1 considerable. If gne i preoccupied with supplring rolevant informating,

* atiention is atnast excimively given to the reneraticn, storage, 88 redrien o

meﬂmhm:whs#uphﬂdmmdﬂthh.nﬁ,
Indexing, vpdating Blez, secess Banguages, snd xo on. The ideal which b rerpet

from this prientsd 3on is 20 infinite pool of data ipto which & manager can reack ¢ .

puﬂwtmghfm&uhmuﬂ.mthmhhnd.mmthm
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J be wiilized price.demsand earves for vach type of item. For each price the curves
;hrlhﬂpu:tdnhmdﬂhu:iuwudhumﬁd.mhﬂu
idﬁurmljﬁhhuﬂi‘ﬂtPI&uh‘WHlm
§ toma to make avaibble fhe merchandiving moerycer quite catorally veed (be
talwe on the opper confedence mzrve. This mintmired the chunces of bis rosieg
short which, if it ocvarred, would burt his performance. It also Mazimired the
dances of bring sverstocked bal this was not ki roncern, eely (he parchasing
, Eprer's. Sgy, WM&MWMM
= lhrlﬂiwﬂmﬂ;hmhmhﬂurﬂdﬂﬁq

In this compryy ihe parcharing manager sl had nouew to the price-denand
trves. He barw thn mendendhing meneger always enbew] cpticsistically.

™.
.,
g
.

Frowun L. Péapdunand sutvy

)

S i —

o

Btz I, L oy -
Thdm.-in;th“mhudmbumumwh'ﬂ
Muthwrmmtmhmmmmhﬁ
introded to make pvaikble He did not intead to poy for (he ;
Auanyzer's optiman. [T merchandirng ran out of slock, it was mot i warry,
Kow tbe merchyndiume manazer war mlgttaed abvot wiog Ue parcias,
manxrer had dowe wo be adjusied his price 1o Po The Wk
twn was told that the merchandising mansger bad made this readjmstoes 5,
he planoed lomhwlrﬂ.:nihhk.ﬂﬂipm—m:d:pﬂﬁd;h
periect commuzicsiion btwren departmecty—tud bern aliowed to comtime
mothing woold koive boen boupht and nothing wookd hare bevy skl Thin om-
ane w4 dvoided by profubiling communication betwris the e departsery
and lorcing earch to poen what the other wag doing,

I hare sbvionsly variciured the sitvation in srder $o ke the poisl dew-
when apanitafional amits hove Dapproprnide mesvones of poormemes whirk
put thetn in ecodiart with ead other, a5 B often the oow, Commeirstion by
tween them ey horl oqpaniations] performrasee. not hefp it Ovpasizaiiog] -
structure and performence Messurement ryost bt taken iote sccowsd belay
opening the Dood gates and permicting the froe Gow of information butwed _
porty of the sepamiratim (A marr figoroes discoonos of orgacirstiens? strectmld
and the relatineshin of pemmonotioo to it o be bezod i (1L}

A Matizger Does Mot Iave 10 Understand How an Informatios Spem
Torks, Only Tow 10 Use It

Mont MTS deipners sk to Ztke their spetemy o moeeors, and oosistnsier
a8 posible to ooaprrs hest they becotze Iriphtened. The deripners try 1o pravid-
manscrrs with very ey access 10 (be sratem and perure them that they wead
& kuow pothioy more about it The desipnas oxally mucreed ™ kerping mos
agers izporant ty thix recard. This leares mioper waable to evalunte the MI3 »
& whaole It oftrs tabe them tiraid W even try 1o 30 w0 besl they dophay Cher
ignananee poblicty. In failing to eraluste their AIR, manaprry delepate much of
the conirol of the organiration to the sysiem’y doigmery and operstors wis
may bave many virtors, byt sanagerial eocopetrasy is sebdorn smong U

Let me cite u cx5e i poimt. & Cheirman of 2 Board of & mecdGom éize compuns
aaed for belp nm he following problem. Owe of his burgey [decentrafiond) der
otz bad inrtalled & computerized prodoction-mrmtory rontrol sad maes-
facturing meanaper nforation Fyries shoot s year earler. 2t had acyeed
shoat £72.000,000 wocth of spmipmen to do s The Board Chairmas had jot
receed & reoest Brom the Divicion for permizion to replace tbe arigne!
the triginal amount. Am exteagre “jostifestion™ for so dang was
with bt requesd. The Chainman wastod to keow whether (he rogoet
really justifiat He adomitind te coogditt moxmpstoss is thin comsection.

A mesting was wrraoged o the Divition st which T was sohisried bu u -
Sended wnd detailet brickop. The systom wi largs but relatively swple M
ﬂ-hutdiw-mhpﬁk-&i--ln_:—“

-
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auck ievel Beonder quantilies ook Irad-Uime &3 well o3 the allowable maxioorm
oo mecont. The cotrpeter kept track of sock, ordersd itetmy when required

bl proersted BoneTom reparls o0 both the state of he gpatem it coolralbed
| oot i1z 0wD “articums. ™

j When the bricSog wes aver I was acked if 1 bad any questions I did. First

T asted if, when the sysiem had bern installed, {bere had teen maay pans
" ghowe stoek el exceeded (he maximum arnount powible uoder the pew gysten.
" J s tokd there were many, T aaked for 5 Ext of about thirty aod for some praph

" ppa. Both wor provided. Tith the betp of the sytton desfgnar wod vobaooes
_ t f ol deily vrports T began to plot the stock level of the first Bated jlem over
; tine. When thin item raached the maxionem =slowshle” stock Jeved it hod bees
i pordered, The wyxtem desigier wna srprived aod mid thoay, by sbeer “loek™ I
!t foumd com of Use few erron tade by the fysten, Continued plotting showrd
* 1 gt becarrse of repested premature recrdering Wbe item bad pever pobe much

i hedow the txsigrom siock keved, Clearly the programy wis confiming (hs mavimgms
i sloaable stock kevel and the rerder poirt. Thix taroed ot Lo be the ease in more
! gen hatl of Lbe Henon oo the Bt

t
: anth other; for exazople, satched enits and bolts. They had many. A Ist was pro-
]
= kalf of the pairs the differences it the oombers recorded o withedrawn were very

Next ¥ psked if they had maby paired paris, ooes (het wers ooly owed with
dword wodf wa began checking the presions dax’s withdrawafs For more than

hrpe. Ko explhanstion was provided.

Brfore the day was got it wis [xo=ibly t- thow by some qguick and dorty
oxkeulntineg kst the new computerited aystem w s conting 1he companry almost
$1£0,000 per mwnth more than the tand systens which it bad rephaced, inoxt of
et i ooy Ivendores

Thmnd-thmthtlhqﬂmhrdui;uduqﬁ&bu:ﬁu-

j Eble und that the oew wquipment bat be suthorired for the tioe being.

The questions aked of the sysbern had been ok vioos snd sicple oses. Maw-
sper chwold bare been ahie to 21k (hem bwt—and this is the point—they felt
tuzowrives Incampetent to do #e. They would mot havy allowed & handopeated
tem to et 80 Loy out of Lbeir control, .

Ny LIS shenckd evey by inxtoled unlem the maragers for whats it i ntended

| we traimed 1o evabmie gnd bence cootrol ik rather than be controlled by B

A Suggeated Procedore for Devigning an MIS

The ermosons suranptiots © ks trad to rereal in the preosding dbcesion
an, I bebrve, be svodod by wn spproprinte degn procedure. Ooe is beielly
milined hevs, .

. 2malpxis Of The Dacipion Sintom -

Exeh {or al Jemst exch impariant) trpe of manaperial decision required by the
Sranirstion twaddr stody shookl b identified #od the redytaetobipe beimeon
By should be deieymined snd fow-charted Kate thal this is el aecrscarily the
Sy thing e determining whal deciions g Zoade, For ttampla, in soe oo

B1M EriiA L. ACKCTY
pany I loundd Chort roake or-biyy decisions comceriing party werw mode anly g
1he [ine when & port way httroduscd into dock amd wes mever ]
reviewed. For some itrmg ihis decision bad gooe untevipred for &3 many w
twezty yan. Qbvioosdy, soch desisiots should be made more often; in some
tave, oy 1ot an order i plwed in ocber to take scroust of exrrent shop
loading, wnderused shifes, deliverr {ime fram supplicrs, sod w0, -

Decirion flow analrres are uscally self-justifying. They oftes reveal isportam
deriviony that ace beins made by defanhl (e.g- the male buy devssion rdfered s
above), amd they dmckoe inlerdopendent decisions (kat are being made b
drpendentty. Deshion-flow chasts [requently supmest chonges v mamperiel
responghility, arpaniratices) sirgeture, and messare of ptrfonaoce wikeh tm
oxrect 1he Copes of deficiencies cited _ )

Dechtion anabrees eqn be couducted with varying degrees of detail, thal b,
they may be wayxbere from omme Lo fine graied. Hox much detail one choukd
beeorme ivolved with depends oo the amovel of tane and resowrces Ul e
avelable for the enaly=is. Although practical eonsideations frequently restort
imitial analvres to & particular orgaoizational funeton, it is prefemble te pertorm
& cyrye ahalysis of sl of 30 orzasization's mansgerinl Fobctioon tither s 2
Eoe anzlyss of oo or & ebiet of functions. IL B easer to introducs fwer in-
formation into s intesraled ioformation Eysiem (han it i to combine fine sob-
aYsieny kil ooe inteprated syslan
P An deeloia O Infarmaiisn Rojwircmealy

Alanagerial dacisions can be classified into three types:

{n) Dycisions far which sdequaty models nre available of ¢an b construcnl
ﬂd!mthihuptiul{umrqﬂhd}nhﬁnimh*ﬁrdhﬁ
caes the deeision process itsell sbould be mcorpocated bta tha hfu'ui-'ﬂ
rrstem therelry copverting it {at ieast partuly) 0 & control system. A decisxe
mode Wealifer what ifomation i raguired and hewcy what nformdes

- i relevanl

{b) Drivions for which adequite models ean be eostructed but from whirk
eptimal roletions canoot be extracted. Bere some kind of beoristie ar seaxh
WIMHWMHHM‘MMMW
trial and error. A simulaiion of the mode] #ill, 3 & Minimu, permit eompans®
of proposed alternative solutions. Here 1oo the mode] specifien what infarmalied
B required. .

(c) Detisions for which sdequate models canaot be comstrocted. Resesrch
required brre (o deiermine what ioformation b relewant. §f decision making
carmot be delsved for (he complelin of Tuch resrarch or the docision’s efert F
ﬂﬂhr::mw:hhiﬂﬂrihmdmh.thmjﬁ;mtmhﬂ""
“gurs™ what information is relevent. It may be possible hmhu‘pﬁﬂ"?'
hﬂkﬂmﬂduﬂhhh&hmﬁummﬁulmﬂdtﬂtn“‘

h'uﬁﬂlhnmutrpuddmhilimjhpﬂ'ﬂ!fﬂh‘
by camparing actaal decison ottoomes with those prediciad by Uhe mobd
mm.mmwummmhpmw
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3 Aggrepation Of Deciriony . _
Deeisioba with (he tame of larpely overlapping informational requirtnteniy

formation a manazer requires to do bis Job apd is Fkely o increase bis under.

i
l sorganizalics canngl be luplemented completely what can be doas B Lkely 1o
| Sprove performance significantly aad reduce the Iaformation loaded en mag.
NeL '
£ Design Of Inforration Proceasing

FKow ihe procedure for colleeting, storing, relrieving, and tratiog faformalion
 an be desizoed. Sinee there Is & voluminous litersiure on this subject ] shal

j ATt it at ibis evecpt Jor oue point Such a system mus zot endy be atle to

i w=swar guestions addrewed {0 it; it should alss be able 10 saswer guestioas thal |
T byre not bren asked by reporliog any devintions from expectations. An exiznsiva . -7

| nterplion-repetling cyytem i required .
L Dezipn QF Conirel Qf Tfl-_! Centred Syen

IL st be assgmed 1hat the syvlem 1hat §s being dee’ooed will be deficient -

& rany end pignificzot wayy. Therefore it i neecisary to identily the ways in
akich it may be delicient, to darign proceduzes for detectiag its deficaencics, nod

L~ correcting the ryslem 40 o3 1o remove of reduce them, Fencr 1he aystem .*-

! Aauld be dexizned Lo be Aexible and adaptive, Thiais Lttle more than s platitude,
bt it ks & pot-so-pbviows Implicaticn, Xo completely computerized svstem
£n be 3 Resible and adaptice 1s can & pvan.macking 1vatem. This b Dairated
L5 & concluding example of & aystem that iy being developed and is pariially iy
speration. {Fee Fipure 2. y

_Tha compaoy involved hay jts market dirided into npprasimately txo bundred
cxleling areas A model for each hay been consiructed s i “in® the compuler.
* fo tre basls of competivive intellijecee rupplicd to” tbe service arkeling
+ meeeger by makclios researchens and Bformatize rpecizlizty be and his staff
Exle policy decisions fer each ares each montls. Their teatalive decitions are
Ied jz1e e compuler which yiclds 3 fareeast of erpecied performance Changes
ue made gotd (be expectabfions match what i derized. Tn thiy way they aeriny
8 *Enal™ drcisions. At ibe eod of 1he month the computer compares the nctial
peefarmmance of each ares nith nhat war predicled. If & deviation ceceods whay

ke the deviation, performing ab mueh retearch as i requind to find it If tbe
Bize s fouod 10 be parmancat the computesizod noodel is adjusted appropriatcly.
The resull is an adaptite man-machine grstom whose precition acd groerality
R opUinusuy)y {nerearing with use - - -
Fizally it abould ba poled thot In exrrying ous the dealgn st ghameralad

i o omer o

T Bss
1uddhuusmﬁdhpﬂhtm::mléuhdmlmmm .

Aauld be prouped tegpetber es & wipgle maonper’s task Thiy »il] reduce the -

canding of it. This may require & reorganization of the aystem. Even f such a |

"tould be expected by chanee, the company’s OR Croup theg wecks the rosor
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Fiecaz 2. §implified disgram of & market-ares copltro) syntsm

tbave, three groups should m[labornte; information systems :pecinlisu,;npu{ -
The participation of managers in the design o
assures their ability to evatuates its performane

ations researchers, and tanagers,
& system that is to serve them,

by comparing its culput with what was predicted. Managers who are 20t willn;

to invest some of their time in
1. Stxavres, 8. B., a%z Aczore, B
1965}, pp. 918,

. Relference -
: L., *Systema ne;l'r from ap Operstions Reeant =
Pgict of View,” I1E2ER Tronscztions on Syalems Science and Cyltﬂ-nupeﬂa, Vol. 1 (Se I

this process wre not likely to yse L manageraes:
eontrol :J'ttr:m well'and their system, in turn, is Likely to abusa

them,
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Data architecture and
data model considerations*

by ERGAR H. SIBLEY uad LARRY KERSCHBERG

Ladverare o Liar bawd
Colege Park, Man bad

ABWSTRACT

1he Dula Base Munigement Sysiem is now » well gsiab-
hshod pant of information systems technology. but (b
many wrchitectures and their plethora of data mode)s are
vonfusing ta both the practiioner and researcher. In the
pasl. atlempis have been made (0 compare and conirasi
wine f 1hese syslems, bul the greatesi difficuily arces in
scching & common basis. This paper altempis to show how
a gengralized dala sysiem {GDS), represenied by iwo
differemt models, could form such » basis; i 1then proposes
thar daia policy definitions can resirict the GDS 10 2

wpecialized moded. soch a8 a relational or DBTG-like

mdel. Finalfly, it proposes thal this concept forms a beller
basiy for data struciume devign of specific system applca-
10Ns.

INTRODUCTION

The seventies has seen Lthe acceplance of the database
manapement system (DBMS), Commercial systems and
retarch effunts have profiferated. and the subject has
become a major conference topic. However, 1he potential
wser iy still ket with most of the questions that first
sppcared: Which is the best system? Am T locking myull‘
inlo one technique or implementalian method?

There have been attemply af eaplaining similarities wnd
diflciences in the basic classes of sysiems,'? debate on Ihe
cffecuveness of different data models.! and description of
the sclection and acquisition process,* but confusion re-
mainy,

Possibly the resson for diffculty o:

© L. The 1opic iy complex. DBMS exixt, bui they are 10
diferent that they d:fr simple comparison, They also
run the pamut of size and sophistication,

Thc:r differ in methodulogy of data modelling. felain
ing, and querying, a3 well as their internal slosape.

* The suthrs wivk 10 eapress K §hantude Lo the LS. Army Compuler
$iems Command wiw, Wzl yrand pumber DA AGTRTEG- 0300 1 Tilke:
Foobboms it Tramduion 3ol S4mbal ;v of Bobuasmal aoed Mot vl
Vi Data Bsc), pruvidod purtisl swpran amd terical advice.

»

Testing is capensive: wMc FepicseRbitive system
musl be implemented va several DEMS for compan-
son, or difficull simulations are aceded.

Further problems arise in large scale datatase rescarch and
there is need for m common hunis® us o Farmalism for
describing such systems. Melhods of dilining the funciiun.
slity of DBEMS include set theory and graph theory cun-
struets.’ This paper sttempts 1o defime such & common
busis, and shaw how it can be wwed b compare maodels,

PEVELOPMENT OF A FRAMEWDEK

There are at leay three distinel kevels in an information
sysiem: the informanon and its sinkcture. the Jata moded,
and the slorage simctunng, Obvivusly, 0o shart paper cun
cover all three, and we will concentrde on the Jdaly modet,
However, considerativn mus be piven o Ihe information
system’data mode) interface o set the stape for wiys
define 2 pood data model wilh its need 1o reflect the way
data are interrcksted, manipulaled, and prstecied.

A dita model s a system in which a schema may be
defined; 1he DDLC*s definition language® is prncipally o
mechanism for defining the names and atidbutes of data
clemenis, proupings. and_relatiorshipa. »hile the definition
of paficy {inlegnty, security, efliciency, ¢ic.} is Almost an
alerthoughe,

The information system—Duta model intesface

There it an imporiont inlerface hetween th orpanizitien
view of informalion und the Luts mandel vonstrucicd o
represent i, This interface i being investigaled by re.
scarchenn who are atiempling to Jefine a process for
producing a poud dota base denign piven a st of wer aeeds
or axpirdtivas. Reference % o a survey ol currenl lech-
Riques.

Complene krwaledge of the inforpuilion system and ifs
diala usage charuclenies the company. Oporating policy,
however, summerizes the inwernal consirants of 1he orpani-
zation, and the way that the fuaclional subsystems inleract;
one authar™ refers o these as operulive andd direclive



1] Nuliopal Compuler Conference, 1977

informasion structores. Several rescarchen'!” have re-
eently advocated the coliection of transactions a5 a bash
for designing lepical data stinsctures,

Our paul, however, is to devebop 2 framework in which o
study diata models, and 10 incorperate imporianl paramelers
ol the inlerface inle the daty model: Data Urilization and
Opcrating Policy. By incorporsting these parameters into
the dula mode] framework we eapect lo examine some
classes and; b ,

# Explain sublle differences,

s Explore dectarative versus procedural aspecis, and

® Characlenzes their “'stmanlics.™

Data architeciure—A fevel coroeps

A recenl paper!? proposes that there are [our absiracuon
levels for dila machines and models. These, in increasing
abstzaclion, are: )

I. The Defined and Popaluted Database: a fully opera-
tioaal dula sysiem, with dalabase defined via some
definition langoage.

. The Dosabuse Sysiem: it involves no dala, bt repre-
acnls & specific syitem, with jta description.

). The Dara Model: Lhe data system prior 1o its applics-
tion. The classies) of data siruciures that may be
supporied by the sysiem have been fived, but not
used.

4. Dury Mode! Theory: a voncepiual or generslized data
baswe managemen! $yslem gencrator, assumed to be
able o suppon all classes of dala modets.

These levels form a progroasion: Frown one to four ix
aburiction—[rem four 10 one is utilization; cach level
nalurally subsumes or subseis the previous one.

As un caample, Levet 3 may be a R:Inli_unal Model; ™
i-€.. 11 can support a relational daws system, but no oiher.
Then Level I might be the implemeniation of 3 payroll dats
definition; i.e.. & definition of those iteems (and their nitri-
butes) with proccdures making up a sclational payroll
system. At Level 1, we see sels of payroll 1eples; ic..
enirigs fur specific people.,

We shall use Lhis goncepl & 2 hasin for the paper.
Howewer, there ure special pperutions performed in going
from aae level 10 ancother, defined as follows;

# Level 4 w ). Data Policy Delinitign,
In this step, the mansgement and informalion sysiea
dowignaers shale 1he major ondruinis on the sperational
aystem. The nesulling daota moskel (or database ma-
chined al Level 3 i fesiricled: only some clyases of

data struciures are now gllowed; some 1yes of opers-

tion are restricted, ullowing privacy or secwrity (palicy)
decininns to e stuted; some aciions are performed
avtomuticully, allowing validation and integrily (policy)
tu be slated,

* Level 310 2: Data Operation Definition,

Here, the administration j& working with & restricled
sysem in which dala structure, some cfficiency, and
specilic policy considerutions may be stuted: ¢, D
Pulicy Definition specified » relatonal sysiem with
vatidation a1 input. mow Duta Operation Definition
defines & datobase of 2-luples involving ~ocial security
number and pame. where the former is a nine digit
clement: This also invelves delintion of the’ proce.
dures for building. maittaining. m.anipulating and re.
trieving dala,
# Level o |: Data Popolation and Utlization,
Finally the data musi be loaded and used,

The data model generator—generalized dara system

L=vel 4 data archileclure or syslem can be viewed as
eilber a Lheory of & machine: 1.€.. as gither an abslract
deseription of a method, or 85 3 machine implementation of
that method. If the concepis of Level 4 can be expressed in
st theory, 1hon the *'machine™ could be cither o theoretical
of working el progessor. In this papst, we discuss Iwo
candidates for Level 4 machines, and thep show how each
may be resincted to Level 3 machines. 11 i, however, of
tanlamount imporance Lthal these machines b tiuly gen-
eral, and this cvercive 15 an anempd 10 show the necd and
generality, as well as o iflustrate the party and use of such
machines. Obviously, if the Level 4 machine is sulficiently
general, it will cover all passible da1a inachines at Level 3
(a1 leass relational, hierarchic, and neiwork mode k). Jt may

t be censidered & mela-data model or generalized dowa sy
tem (ODS), Funthermore, the use of such a system provides
a framework, for daia model compariton,

The two maoddels discusaed here are:

i. The Functional Model™ and

ii. The Sei Theormiic and Extended Se1 Processortt—'#
modified 10 allow data policy and data opuration
definilion. '

THE FUNCTIONAL MODEL OF DATA

Here we consider the Functionsd Model of Daga as
GD3S. First, Level 4 struciure is presented, then dala palicy
constrainis, are shown o wdd Toem amd struclure o the
model. The ¢onslraints ace semanlic. and allow the Fune-
lionad Model Lo be viewed in resnicted cascy as either
relationn or DBTG (nctwork) data wilels,

Level 4 stragture

Leve] 4 iy & mela-data bevel where P Functivnal Mudel
of dita is vicwed as a diredled praph: i noudes represent
sefy aod i3 arcs represent Lotal funviivns, Wedes afe cither
cntily scts of valoe sets. Emtiey Srin may have any numbs
of inteming or vuipuing arcs; Yilue Seir may have only
incoming arcs. because “values™ arg the ultimale Jogical
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jepresentation of information, 30 00 arcs keave value st
mubes. A typicul Level 4 Funclional Model graph is shown
w Figure 1,

The definitional ficilities for the Level 4 Funclional

yiodel consists of three creation and naming aperations for”

velue seta, entity sets, and functional specification of an
entity s¢1 fi.¢., specilicution of functions whose demain i
she cnlily sct).

There are abo nperations for dekcting value scts, entily
wiy., and functions. The delelion operations have the fols
fow ing nide-efTects:

s Delction of an eatity sel s implies deletion aff these
functiens inciderl on it |both incoming and welpwingd;

o Delclion of a value sel also implics deletion of those

functions incident on it;

¢ Deletion of & funclion does not Affect #s domain and
range sets, but some may become isolaled nodes and
may no longer be relevant,

Nura palicy definition
Data policy decisions wre of the lollwing \ypes!

o The methodelogy to be used 10 obtain the dala sirug-
s,

* The represeatation of efemenis in the nodes qi.e., seis)
of the Functional Model graph.

* The logical ac¢esi mochanisms Lo be supponted @1
Level 1,

While bolh informatien and managemenl policy ramifica-
teny may be stated in a declarative fashion (CODASYL.

[atily Stz = L

¥l 32t o ¥
Fipure 1—FuncUoosl modd graph of kvgd 4

DDL.M. munapement policics are ofien eaforced by trans-
action-driven " riggers,*™

To refine these kheas we lirst addrets ihe ramifications of
data policy, The mest impotant decisdon & the choice of
dota moded meihodulogy; this witl determine the richness
and caomplexity of Lhe allowsble data struciures. The mieih-
odology adopled in the Functionsl Mode! is semuntic pre-
dication antlysis,t' g process developed 10 analy2e the
scmantic struciune of senlences.

A predicition repeesealy 2 shole senlencg! £, an
assorlion, a cummand, or a question; it may be decompaned
inlp zera, one, or 1wy arguments and a predicate. Arpu-
ments May ibemsclves be predications, " Buow ngraded pred-
wations'® may gualily wrguments 1the somantic ¢quivalent
of wdjectival ¢luusesy or may modify predicates (the seman.
1c cguivaleny of adverbial clauses). The lowesl semantic
lewel cunsisis of semantic features which serve as alomic
scmuntic description units. Downgrauded predicatons play
the rolé of semantic lealures of the mgumeniy or predicales
thal they qualily o modify,

Here we atsume that a specification of data imterrelation.
ships is availabde. The information analyst's role 33 10
obtain Ihe corresponding predication siruclures and map
thexre 10 the Funclional Model (an absiraclion process).
Consider the siatemen:

"Companies supply paris Lo departments in tome volume®
]
The predicalicn struclare 3 sthown in Figure Y. where 1he
main predicalion siructure “'companics supply parts™ is
represented by ibe predicalivn PN, with arguments A,
(COMPANIES), A, (PARTS) and predicate P, (SURPLY).
The armow wnder SUPPLY Jenotes the direction of the
relationship represcnied by PM,: ot comesponds 1o the
active voice of P,. PN, und PN, are duwngruded moddying
predications representing the indirect objee! and adverbial -

. 'f" RS
‘J" : -\\\.
> ] ,
el ’ A
ooy 1 In VoL
s N e
& i Y ' 'n..
‘," : "\ | <r ¥
;S . i ) ’f : \\
' # 1 ] ’ i .
’ ' LY | o4 LY
r ' v } \
! " Y : A " A
I T
OFAR] L5 wHrT FARTS i. -=1 T DEPARTM N1 L
—_—

Pigure 1—Thwe wedication sruciune Tur the senience: *"Companics tupply
L M o drpartmenty in soo olums

- ——a -
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Figwre }—The Munrimaad model data siractwry

infarmation, respectively, The X'y refer to P, which their
carmesponding predications mexlify. Semantic lealores are
rot presenl in Lhis example, bul corresporal 10 descriptions
aof the arpuments (COMPAMIES., PARTS. DEPART-
MENTS amd VOLUME) For caumple, DEPARTMENTS
might be characterized by NAME, ADDRESS, and NUM.
BER.

The chaice of the abstmaclion psed ta map predication
siructures f0 Functional Model Jata sirugiures is pan of
data pulicy. As an example. the mode) mighl be restricred
&1 fullows:

® Semantic fealures map to fenctions whose mnge sely
are valpe seld.

# Arguments cerresponding to “real-world™ entifies map
10 Ramed Jcgument sats,

¢ Predications map w named predicalion seis. and the
arcy pointing 1o arguments become aamed funclions.
Also the predicaic and ils arrow are attached 1o 1he
predicalion set. )

s Dvrw ngruded predicalions are represented by funclions
whose domain s the main predication el and mnge is
cilher an arpument sel or 8 valuc 321,

Figure 1 depicis the Functional Mode] data sinsciure based
un the predication structure of Figore § ardd the above
uhstniction rules.

Thus the choice of the mothadology uwed Lo model the
orpanizalivn s one aspect of dura policy which induces
struciure in passing from Level 4 10 Level 3. At Level 3 1he
Funcrional Model has entity ser chissilied s cither predicas
titn % Or wrgumenl scts (denied Poand AL reapeclively)
ard value sets remuin unchanped. Funetions perform (wo
foles: g funclion may provide infiwmation shoul o predica.
tivn scructure o i may represent o semaatic feature. The
dida spuciures sapported by the prodicativn analysis and

absltwAnn process are depiied o Vigore 4, Al hese Jala

sitn Ly aape pesnsdloly o thy Dans turial Rlanded . gl fhwesl

I I TR TR I L = T I DI T A B L RO PR TN I P L

4 LI TP R o [T

« Functions emanaiing from a predication sel canngy
have predicalion sets 43 rANELY,

then obly cases ¢ and d are admissible. This is precisely the
case in lhe Emity-Relntivnship model,™ where predication
and arpument sty are called relationship *e1s and ¢ntiy
scts, respectively. In the Functionsd Moded arcs ull repre.
sent otal funcliems, whereas v the Enlity-Relationship
model arcs are either 10N mappings {fur enlity sels 10
relationship seisd or funclions ifor ealivy sels to vilue seta).

So fur. we have only considered the methodology fue
ohtaining daia struchures. Although the set types play an
imporant role, the fupction lypes are imporiant in ¢apress-
ing lugcal access mechanisma, Consider a birary relation o
from se! A 1o sel B, and its representation, Ry, 33 the sel of
ordered pairs

R,={(a, b)|arA & beB & aab}

Obvigusly. Lhere exists an “inclusion® function, i. which
assipns an element (a. bY of R, Lo its corresponding ¢lement
{a.b) of AxB, Ihe Cartesian product of A and B. e
addition, there €xist functions [ R —A and g R —B suck
that the dizgram of Figure § “commutes.” ™ In 1eams of 1he
Funclivnal Madel predication structures, the binury relation
o corresponds 1o a predicaliva siruciure consisting of 4
predication node {labelled o'y, argumenl nodes (A and B3
and arcs (F and g} Isee Figure 5). The aciual represcrlation
of Ibe elements in the predication sel is by meany of the s
R..

The functionzliy rypes of f and g are impoeriand in
modelling the semantics of a: i.e.. whether o is a 7elation, a
partial function. or a total funclion. There are sinleen
posvible confipurations lor the predication structure, be-
cause [ and g may be one-to-one. onto, both of these, o
none of Ihese. The mot1 imponanl confligurations are
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Figuare 3—Represenianon of 8 hinary relation snd predication straciuee

summarized in the following:

Fart:

141 o be & hinary relalion from A lo B with lunciipnal
sperification 1 and g.

Then:

. Il neither [ nor g are one-to-gne {1:1}, then a is a
relation; -

L IMMds 0: 1, then & is & partial funciion;

Y fTis §:1 and onto, then o is & 1otal funclics;

4. IfFis 1:1 and ontg, while gis 131, then c is 2 1:1
function: )

5. 10 Fis 1:] and onto, while g is onlo, 1hen & is an onlo -
funclion;

§. 1ffand g are both |3 ) and onto, then a iy also 1:1 and
0nto.

The™ lunclionality type of [ determines whelher a iz &
relation, & partial function, or & tolaf function. [f o is &
function, shen the funcuonality of g delermines whether o is
ofst-10-0ne, Onto, & one-to-one correspondence, or none of
ihese.

In lera of predication siruclures. a predication se1 may
thus represent a relation or a Tuaction, which implies that,
ie the latter case, o may be represenled by an are, This iy
indeed 1ruc, but il must be ¢onsidered a Data Policy
decision. :

One-10-one functions play an imporiant role in sccessing

a particular element of a set. If the funclion f in Figure 3 s

one-lo-one, B parliculzr aeA will participate in (af mosi) one
ordered pair (a.b)eR,, 30 Lhal the sccond element of the
ondered pair may be obtained by evaluesting the function g,
Thus, any one-to-one lunclion outgoing from & sel is &
candidate (key) for accessing the elements of che set.

The netion of ogical access can be extended to predica-
lon st involving move than two arpument scts and
vatious value scis (as in Figures 3 und 4). In this case, the
predication aode represenls an neary refationship, where
tach elemont may be viewed a5 an n-tuple of entities and
Yiuer, For n-ary predication sets. & composite key it
Precisely the concep in Reference 22,

Finally we illustrate & manapement policy construint
whowe predicalion structure has anather predication node
& an argument (c.g.. Figure #if)). The operativnal con-
Mraint A company mus supply at kast three panis 1o
wme department during a quarier 10 remain B valid sup-
plier.”” could be modelicd by a predication siruclure ¢on-

ling of & “'muu™ pecdication set with argument sets.

F)

COMPANY uwnd SUPPLY [a Figure 1 predication »e1), and
semantic feslunes (luactions ta value sweis) TOTAL-FPARTS
snd QUARTER. Elements of the ““musl™ sct might be
updated by prugram om the occurrence of a SUPPLY
transaction, but the validalion would probably take place at
the end of ¢ach opcruling quarter.

The refational model of data

The data policy conuraints on the Functional Moded
predicalion structures which transform it into the Relutivnal
Model are:

* Valug 1218 wre domning;

» Arpoment scts and predication sels are refotions whose
elements are represented by taples of vulues from
domains;

* Functions whose range seis are value sets beeome Lhe
atiribute names of their respective relations:

& Funclions from predicalion sets (o argument sets are
replaced by the atiribule name correspoading ta the
key (perbapt the compesite key) of the arpument sel.

The consequence of Ihese reslriclions is o allow only
nodes which represent Level 4 enlity sets ax relations:
represented by faples. The arcs can now anty poim away
from nodes, and their funclions are 1he names of the value
sets of each element of the tuple: see Figure &,

The DRTC data model

The Functional Model ¢an also be izndormed inlo
DBTG iype Data Siucwures by dala policy definitions.
Firgl, the record will be simplified by ignonng repeating
groups—in this ¢ase a secord it a luple, and may be
represenied in the same way a3 the selationgl data stn-
ture, The DBTG-s21, in ity simplest farm, is & representas
tion of a functional predication (i.¢., & predication which is
a function). The arrow of Ihe (uaclion name ix in the

. opposite direclion to the mrrow in the equivaleni “*Hach-
" man" Diagram.™ For & more complicated DRTG-set stnk-

ture, there is u predication {a record) beiween Iwo dther
relations {also records). This represents an inlermediale or
link record beiween two others; these siructurey have been
discussed a3 linking records beiween two relaliia in Refer-
epce 25 and lermed “associations™ in Reference 26.

Wheiher 1the model trunsforms a funclion nome inte B
DEBTG-set or follows 1he Predication (Recordh name moded
is » data pulicy decision: the same results may be ohiained
provided Lhil one record is functionally dependem on the
other—byl nol if the relution is N 10 M,

The insertion properiy of 3 DATG- 1l is either AUTO-
MATIC or MANUAL. Which sc1 has which property is
defined at Level 3. but the abilily to define these propertics
of a function is a Data Policy decision, which delimits the
Level 4 10 Y struciere and defines the DRTG Modol,
Similarly, the delction propenics iIMANDATORY und OP-
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Relation Hame

Function (Attribute)
Names

(Domains of the relation)

¥Yalue Sets

a) Relational Data Structures

1tem Names

Record Name

Predication
{Recard)
Name

Record [Relation} Name

Function
(DBTG-SET)

Hame

Record Name

Item Hames

Value Sets of the ftems
(e.g., PICTURE clause)

b) DBTG-like Data Structures
) Figwr b—Lewed } dacn sirmciwney ia G0 fanciioasl mece)

TIONALY are eved 4 10 3 data policy decisions which

Compariswyns
define the operalivn of 5 DATG mode), Those twis proper- .

ties are therelore devdoratives associaled with the arcs,
similar ¢ the functivaaity types in & functionsl mosdcl, but

vbvigualy having sirunger cffect, The enfurccrment of this

policy is. of course, procedural,

11 is useful 1o compare and contrast relativaal and DBTG
duta pulicy wperations, Relationad syuems like Syuem R™
amd INGRES™ usc the theary of nurmal furms 1o provide
gl dhila struciures and 1hen ulifize these simple alruclures
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ihough data-name linkapes and dala operations like JOIN
and PROJECT: they apply olher data policy such as
cunsislency, jntegnity, and validution 1hnugh system modi-
fication of Lhe wset statement (INGRES), which is immedi-
sely inttinied, or through swilem taggen ISYSTEM R)
which are transaction driven, bin muy he delayed. These
o impleaweniations dilfer in the faci that INGRES spech
fics policy in declaralives with procedural enforcement.

shile SYSTEM R is procedural bodh in declarution and

ertflorcemend.

The DBTG dala policies are bath declarative and proce.
doral: some, weh as AUTOMATIC, are decltrative and
apply & primitis e Tunglion an eperation implying a ““scman-
fies” ml slarage of a record: others, the Data Base Proce-
dures, are procedural and are invuled by some IAgper: e.g.
on update (validutiond, privacy and secunty checking.

THE SET THEORETIC DATA MODEL

The set theorelic processor owes its exisience to Lhe
concept of an cxiended set. The exrended sos consins of
clements which themselves may be conventional sets, se-
quences, ordered sets, alems, of even exiended sels, but
exch ebement is identificd by 3 position-identifier inumeric
o mpemonric), The extended set is enclosed fn sqguare
heackets [ ] while the ordered 1215 of Sequences are ia

sngle brackets { ). Thus if X is an extended 1et conisting -

of ¢lemenis ¥ and Z in poesittons 1 and NEXT, we have:
X=[{1LY).{N EJ(T,Z_}]

i we use bracey { } to enclase seis, then if Y 15 1he zet of
the firgg three inlegers and Z is the I‘aur*tl.lpl: cnm.lsr.m; nf
0,102 (m order), then: .

- Y-{I.Z.!}-Hl.'l}.{i.ll.{#.:l}l . ,
and Yoo -‘h'é
Z={0,1 ﬂ.zl-lil ﬂ} {1 1), {].ﬂ} {IJH-

lions cun be defined oo the cxiended et All nocmal sel
operations (palon, fnlersection, difference, etc.) may tllu
-y be d:ﬁned :J.:cpl that Dpcuﬁnn: aro pol-ilinn depcndenl

| .
. f . o
M i f. A

Lavel f .Hruﬂuﬂ'.

‘.‘. '

The model cunslsu of the foltowing nbjem or ements:

Atoms, which represent a number or characier string: Sets,d - ¥ -r oA

compased of any object; Ordered sets or sequences. com-

’ hrcumlithuwllhltuuumdadmhanmmﬂ
extension of scl theory and thal predicale calculus opers-
-, Most cument systems “'compile™ these tonstraiot (je,,
.;‘ Ahoy *do mot support olher models of data’” or “"allow tha

T

I

predicales 1o limit the r:;pnn:c; and macros w hich simplfy
operalions le.g,, Average, Sum).

In order 1o (lustrale the wperations of the culended st
processor (RSP at Level 4, a serics of operalivns is pyen
in Figure 7. The firs1 Len operations are all uf the **slorage
by assignment™ 1ype:’ they slore len eatendod wihs, with
synonyms (namest ME, YOU, e1c. The YALUL lunclion
invokes m “'copy” operalicn, which dres nut neeessanly
duplicate the siring: the el may b represcwcd inger-
nally by pointers. The set AUTHURS iy therefore made up
of the 1wo extended sers ME and YOU,

The assignment vperstion foe X defines a new extended
scl: it is a simple sel comaining Lhe numes of the two
authors of this paper, This paniculy operation exlracis
{from the o1 AUTHORS) the values which huve poirica
indicalor NAME. Funhcrmore. the summiation sperulion
(SUM} counts 1he clemenis (1wol of this newly defined et
X. The keywosd LIST in the find insiruclion of Fipure 7 is
vied 10 denote » szt of O to N replications. The names
and symbels which have nol y¢1 been described. such as
PHONE. NAME, AUTHOR-TYFE and PICTURE, have
no semantic meaning mt Level 4. Later, some will have
semantics in defining palicy, but here they nre mercly
aymbeds. Al Level 4 the XSP is varcviricted. 13 will siare,
maintah, relricve, or muanipulate the whole or any pan of
any exiended sel. However, the X5P musl have operalions
which t3n be trigpered by events or condilivns; Thesc
operations? applied in going from Level 4 to Level 3, are
the Daia Policy definithons,

Dara policy definition

- - ‘, ;

There arc two types of X5SP syslem applied consirainly
stalic and dynamic. The siaric conttraint is one that mug
mhways be satitflied: e.g., the data structure clats must be

. Merarchic, or the access 10 some parts of the database are
password projected, Such constrints imply » system action
whenever viclation occurs, and these may be implemented

. a1 speclal system wctions {compiled into the sysiem™) or

(a8 inerpreted actions. with well defined error response.

following types of daia protection . . .~

The draande consirgint is onc ll'ult h Eatisficd a1 wmﬁ:.
times or for special operations: c.x.. the validation of zn
‘elemenl ismlytnbepeifumdu input, of security b to be

_ 7. hecked againm type of user and 1ype of operstion for

< every socens, 'nme mnurmm are essentially Interpreted.

-.“-1-

- T .r’
Foam -
LY

. [t
.{l‘é.

posed of any object; Exlended sets, compnu-d of ony’ - “The uhthul mdd nrdlu

abject, Of course, no object may comain itself, The other
made] objects may all be represenied a3 exlended sen,
posilion identifiers {which sre Moms), and atoms, Commas .,
are used to delimit objecis in a sequence or set. T )

'r!lr1

) " -
- ""

AR example of 1h¢- dct‘inllmn of plkowable data strocture

-r'.'.-

_:-* classes for a relational moded is given in the restrictions of

H:ur:l.Thudcﬁmmmmlhuﬂuulr: made up of

The basic lanpunge of the Level 4 dula model consitts of: ¥ v ordered sets which contnin **atiribute-value® pairs (e.g.. .
predicate colculus expresdons, algebraic expressions; as- 4 ...lh elements ME and YOU in Figure 7 are ordered sets of ©_
signment lslonq:c} slatements: retrieval t:preulum 'lv'lil.h Tt thlﬂ.- pum}. Hortnm lht poﬂllnn identifiers shall be

K d 4‘ I-

- o
+a

+
T r..-‘,'r
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ME = [<NAME,SIBLEY>,<S54,017] 32 7992>, <PHONE,  301)262-7138>]
YOU = [<PHONE,{301)937-7726>,<NAME, KERSCHBERG> , <SS4,294 [36[4321>]

IT = [<TITLE,DATA ARCHITECTURE ETC.>,<AUTHOR, { VALUE{ME}, YALUE(YOU))>)

AUTHOR-TYPE = [<NAME,NAME-TYPE>, <PHONE,PHONE-TYPE>, <SS#,55¢4-TYPE>]
NAME-TYPE » {PICTURE X{25 MAX)}

FHDHE TYPE = {PICTURE '{ 999')'999'-'9999}

SSI-T‘I‘PE - {FICTURE 999'!'99 / 19999}

i "

ARTICLE-TYPE = [-<'I TIT E-TYPE>] .

L3

TITLE-TYPE = {FfCTURE X {UNRESTRICTED))

Ao
[

AUTHORS "= (VALUE(ME) ,VALUE(YOU))

W "

.+ PRINT (WME-TYPE)

L. -;-H ‘: r" L .

L § -uunnslsn « AUTHORS}
Y -ism(x} '

_ g . B 'a
_t....'u; 5 1 =
i-'"

T w.StM {(Au‘ruﬁnlm-lr}}
--'1 -

Q= {ms |5ET-MITHORS AD S84 uur--mrlazlvgsz'} ”

=

M.ITHURSHIF WPE [dlITI'HJR LIST MUTHOR-T’I'PE]:-
it d . '

<ARTICLE,ART{CLE-TYPE> ]
T 1 !
P F

" - :H‘ L T
Aunmnsuw = {"JALUE(IT}} ’

-.' N

"
+

1 Hrn’—hwﬁudu!l?ﬂlﬂl

"
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POLICY RESTRICTIONS OF XSP,

OBJECTS: ATOM, ORDERED-SET, SET.

MEMBERSHIP: MEMBER {ORDERED-SET) IS <POSITION-1D, ATOM»,
MEMBER (SET} IS <f#, ORDERED-SET>,

CONSTRAINT: ALL PCSITION-ID (ORDERED-SET) IS MEMBER (POSITION-1D
{ORDERED-SET-DEFINITION}).

LEVEL 3: DEFIHITIGH HI?HIH RESTRICTIO0N.

"'\

SET OBJECT. AUTHORS .
ORDERED-SET, QBJECT.  AUTHOR-TYPE,
ATOM 0BJECT. RAME-TYPE, PHONE-TYPE, SS-TYPE.
: : \
TIMINE. -, Thal ‘

APPLY PHﬂHE-T‘fFE. 55:-nrpe ON INPUT,
APPLY m-ma ON_OUTPUT, INPUT,
APPLY AUTHOR-TYPE ALWAYS.

o Invaltd n.r.rmmuu mld be: L ,
| "SET OBJECT. " AUTHORSWIP. ' '
" DRDERED-SET oaaecr. " AUTHORSHIP-TYPE.

- {See Figure 4 1: this.is' nnt a first
r e o Normal Form dafinition} B
Mhﬂqﬂmhﬂ&rﬂlmhﬂxﬂwt Woristivnal mosdat

-

-
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found within & definition. Thus, if we cansider the Level
definitions of Figure B: AUTHOR-TYPE defines the posi-
tion ieniifiers (NAME, PHONE. 55#1 thea ME and
YOU confomm 1o ihis type of ordered sc1. Moreover, 1he s¢)
AUTHORS jn Figure 7 now conforms 10 the defirition
AUTHORS in Figure .

T s now obvious that Figure T comains definitions of
extended sets which can upplr {or he applied) with seman-
tics at Level 3. We class the clemenes by staloments in
Figure 8 which show the Jefinitivg thal AUTHORS con
tains clements (tuples) which comply with the (Figure )
AUTHOR-TYFE definition, while the (validation) ¢rileria
of the aloms S5#-TYPE. £ic.. are applied on input, wilh
MAME-TYPE checking als® on output, Moreaver, because
some extended set operalions might alkow peneration of
invalid sels during valid operations, the AUTHOR-TYPE
cnitenon iy applied on all aperations {1his may be a duplica-
Lve statement, depending on  the overall  con-
straint . . . ALL POSITION-1D . . | ete., being Universally
appleed, or *‘compiled into Lhe system®™).

H we gave XSP. 1the definion for AUTHORSHIP-
TYPE. an crror must occur, becpyse the deflinition m
Figure 7 allows non-alamic elements in the ordered set (due
e LEST).

The DETG dala model ) St

1n dealing with 1he definition of a DETG-ke structure,
one is faced with some prior dt:cisinn:. Using the definition
of Reference 25, a DBTG-s¢t consisting of su owner recond

(A} sod three member reconds {B“. Bu. Bu".l'. in ‘that -

order, will be rcprcunlnd as

T fAn(y, By, B.'u S
The restrictions Empo!cd in an carfier section on DBTG-

records &5 applied bere alse no repeating Eroups are ;
allowed. Thus the definition of & recont in Figure 9 follows

that of nn oedered et in Figure 8. The definitions therefore
are spevial nul:r in ﬂmr Indum ofmcmbcnh:p in DBTG-
sels.

Data Fﬂlw.'r is rcpr:stnt:d by the nh‘llty tu h:wc A.UTO-
MATIC operation . of DB'I‘G-I:I mdum un :tnnni a
predefined recur:i.

s

- [ !
Cnmplrhnu .-s';.";'”'
- e ..‘H a0t f
. b hay bern’ mmntn:l that rthe mpltnwnllum of a
rekativnal ﬂnll:lu-r: ina DBTG system 2 2 m.ltl.er ul“' i

i;l R
1 g «-,“‘,W

. Dn!y nlluwln: :yﬂ:m pwned u-u IDBTG h:*mnl this
a "SINGULAR SET"]. PR AR, T AT Vs
-2, Removing l:unccpt! of database prtmﬂurﬂ ln:]ushn
and dcietion ” propenics MUTOHATIC. HAHD&-
TORY, eick; ! .
3. Making keys unique (using CALC wuh 4 DUPLI-
_CATES NOT ALLOWED clauie); -
. 4. Allowing new macros like JOIN e PRU“ZC'I'IDH’
on tmlhcmnllcali sets of reconds. ' L

i

i
oy H
.

LR

] Ly
Lo .l Y P

.
Je R

It will be secn that the definions do nol inuly refect thy
firss fequirement, and that the sccond cun e considered 3
triggered or aysiem applicd procedure f1he reswll of an
opcration depending on the funciional propertics of the
DBTG-»e1. cic.). Thus the fesinictions are not coerect, Dy
further refining the models, il shiwld be puasible to deten
mine tue vimilarities and diference Howeser, it is firut
necessary Lo add the opcratiens and Lheir mappings—a nome
trivial task,
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Worlr. 'lrlth qu GDS {Funetional and Exlended Set Models)

l:llh us 1o 'lbe ful‘lawln; cm:iusm
. ‘l “The model of an cntrrptiu infor mation struciure may
" be defincd mﬁcpcndmtlr d‘ lht GDs uwd for it
-« implementation, .17 >
1' If the GDS is umw:m:l" it may slore any informae
, er tiop siruciurs, (ih d.atl pynas aod semantics) i
*} ¥ lerms of jts primitives.”

, -

a2 J Thcsipccialualunnﬂh:GDSln:d:umudclhh

e 7 supported by mual curremt rescarch und commercial
-:_ ! DBMS involves Duta Pulicy definition, Uun: this. &
.GDS may be restricied 10 perform as ont or

e specific data models.

4 The proccas of mapping (rom an informeaion sir

.

Y J'. ' 'l'll.hm a GDS 10 » data structure within g traditiond

—— e — .
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~ SPECIALIZED DATA vy DATA MODEL
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DEMS l'ol'.luw: the restriclfons of the’ Dau Fudicy | 3 Moxt’ ‘information anatysts already have a spevialized duts
definition. Conszquently there must be & correspind- *-model (2.8.. DBTG systems) in mimd when consticling
ence belween Dula Policy restriction and deta nw:frl- lh:nr mrormatmn madel, Thus, they Libe the (lata Sfode)
heg (e, passing from infurmation siruciure 40 -.uu I'n; raute in Figure 10. We supgest thal the varte. ! ’
stucture}. Thu. process is dummmed in Fugure i . general) process ks to eapreas conceplual infuen -



26 MNational Compuier Conference, 1977

tures in the GDS and 10 “"fune™ 1he Information structores
io dala siructures by mcans of Duta Policy decisions. In
other words, it is advantapess 1o represent information at
Level 4 so thal all semantics of the infurmation we re.
" ained,

Data Policy definilons Jmpose added stru¢ivre {with
resirictions) on allowable dats structures. Tradeoffs wili
then make it cusier In consider the losses in represchlation
of infermation struciures in the supporied dats slructures,
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Why restrict the mndelliﬁg capabilit}f
of codasyl data structure sets?

by CHARLES W, BACHMAN

Honeyurll Informaisin Sxirmy
Bifterica, Mussachuseile

ADSTRACT

Several issues have been raised conceming changes to the
capabiliies of the CODASYL Data Description Language
epecifications for data structure sels. The paper argues
againgl new resiricliont tuppested and for removel of
eaisting restriciions. The {sswes are:

altow recursive sei declarnlion
Leep mulliple member declararion
allow altermate owner declarmtions

The concept of “'record-roles™ is intreduced 1o justify the
need for these copabilitics. The expanded capabdlilies de-
seribed offer an aliemate means of achieving the samas end
result withoul the need 10 introduce the *'record-role’” into
the CODASYL Darta Descriplion Language,

INTRODUCTION

The concept of dula structure 1cis has been well establivhed
through the publizity and use of I-D-5, the Hooeywel
Integrated Data Store system.*™* !n recent years this cop-
cept han been adopled by the various CODASYE commit.
lees and imbedded in the CODASYL Daia Description
Language® and the COBOL Data Maripulation Language.
A number of hardware and software suppliers have imple-
meated Lhe data siruciure seis of hese languages (DDLY
DML} as pant of 1heir syslems. They inclucde:

IDMS {Cullinane for 1AM 360/370)

I-D-§ (Honeywell GEI00, GEADD, GEGDD,

, HH000)

D511 {Honeywell for Hos, Hed)

EDMS . 1Xero Sigma 670/8)

DMS 1100 (Univic for Univac t100 Series)

PHOLAS (Philips for Unidata 3000, P1003)
(Sicmens Yoo S4004)

PHOLAS

Other implementations have been reposted for CBC and
DEC. - )

The capabilities of the data siructure set, a1 developed In
* 1-D-8 &nd now defined in bath the CODASYL DDL and Lhe
COBOL DML, provide far sei-type declurations which:

(1) restrier the secord type declared 38 owner to by’
differcat from any of the record 1ypes declored m
member, '

(2} permit declarstion of one or more record [ypes to
serve ks member records of an occurmence of & el
type, ond ’ :

(3} resinicl 10 one the number of recond 1ypes which can
be declared 10 serve as owner records of oecumences
of 5 221 type.

THE PROPOSALS

This paper is & refinement of & working paper writien Ly
response Lo ba easignment accepied at the [F1P-TTD meets
ing on Dais Descriplion Languages held in Namur, Belgium
in January 1973, There were three closely related proposals
for changes to the CODASYL DDL discuised at that
meeling. These proposats relate directly to three points
enumerated in the prior paragruph. Astignmenls were given
to defend & number of such proposals. The proposals
interrelaied and my working paper 1reats them a1 a single -
coancepd, ) .

The first proposal. which was unonimously supporied st

the meeting, was to remove the restriclion thal the reconds '

Iype declared s owner could oot ahw be one of thow
declared as member. 1 stronply concurmed with this pro-
posal a3 a removal of un uanccessary restrictinn,

The second propoxal was 10 add a restriction 1hd only
ane record-type could be decliared us member of & particu=
lar setype. This propusal received mixed support, |

- sirongly disapreed with this proposal, for exsentially the
tame reasons that | suppart the first and thisd propesals, N
adds an unnccearary restriciion.,

The 1hird proposal was (o remove 1he reslriction tha
anly one recpnd-lype can serve an ewaer of a panticular set-
1ype. This pruopasal received scanl altenlion. The meeting
did nol eapreas an opinion on the tubjpect, | strongly

recommended i, 12 1 hove done 10 the DOETG o leant
Beven years ago. It iz the removel of o resiniction.
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ARGUMENTS ,

There are several arpuments Tor permitting & sct-Lype 10
permil the retod:type dectared i1 member to be the same
88 the record-1ype declared s owner. There Iy a 1pecifle
nrgument which will be treajed fint and then a general
. arpument which relates to all three propasals mentioned
enrlier.

The specific argument dreats 1he need for tree-like data
struciures, cawlogues, organization structures ond parsing
Irces. For these Structures, il i nocessary to support
recursive sets, which provides the capability to baild irees,
with branches which have branches, which have brancher,
ete. An cxample of this it llusirsied in Figure |,

tf all the siraight lines in Figure | are considered to be
““branches.'” 1hen Lhis structure can be built with a single
record 1ype und o siagle sei-1ype. However, the member-
ship of the “*brunch™ reconl-lype in the "‘fark' set-type
must not be mandalary, A record declared (o be as Lhe
lowest level branch is never a member of & '*fork' set.
occurreace. This special branch s charcterdzed ns 1he
trunk. Figure }is & data structure dizgram® which jllustrates
Ihe branchTork siruciure.

In this data xtrugiure diagram, the “fork'' get-type it
ifusirazed with u brokea line, meaning 1hat the *'branch'
recurd-oceurrenges are sofmelimes members of it. Thay is,
they ure members if they are nol the “trunk'™ branch of the
iree. Mote tha all branch record-pccumrences, whether or
not they wre the trunk, own “fark” se1-sccurrenca with
zern, one, or mude subordinare “branches' reconrds.

The third Numur proposnl. which supports pllermative
owners in Jdala struciure sets, would permil the lrunk
branch Lo be trcared ax 2 dittinctly different type of entity.
Figure Y is a redrawing of Figure 1,

[1 (Dustrales o tree with one trunk and many forks and
branches. When this is dragwn at a dala siructure dingram,
the Wusirilion of Figure 4 iy developed. Thisy struciure has
some odvinlages.

The " bkrunch’” record-coowmences cun pow be trealed ay
mandalory members of the “fork™ aet-type, le.. no
branches are floating in the sir. This can be very important

*roa 3tructurs ‘
{data strpcture dlagqrar)
- !
"— — Ty, \“
4 N
“fork" I N
fat \
~ %= - =1 branch
;
) Fipa 1

from a naming point of view, a3 each branch needy n

for i1 **branch name™ while the frunk does not need such s
name. Branches are frequently named with an anjcul -
grammar, Al the branch names al & single fork of U Lre
must have uriqoe local names. The higher level bram”
i.e., Ihe branches which arg farther from the Lrunk},
uniguely nomed by ¢oncalenating lheir unigue local -
10 the trec unique rame of the branch Immediately belaw,
This is expressed below in BNF {Backus/Nauer/Form)

{branch-name}:: = {characier-string} |

. {branch-name } (arlicelation-chamcter} '
{character-atring)

{character-siring)::m {Charncter) | {charscier-siring)

{character) i

{characierdma [Bfc].. ..o J2[O]0 ] cune b9

{anlculation-character).:=any symbol which is not bllmk
or & character

In our informating :ysmr;: today, there are many £2am-
ples of tree structures. In entalog (file) systems, we ="

Trwe Structire

Tras Structurs With Di
incideance dipgrs

Fgare 1

Figure 1
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. » af named
files: In corporale organizations we find companics which
pave deparimeats, which have depariments, eic, Figure $ i
s data structyre dingram which iflustrotes this, -

Thit example illestrates a specific necd For this type of
siryclure oad supperis the propasal, Some will argue thay
this #3 an incorreg? approach 1o 1he fundamental corporate
wpanization structure uad that 1hey are reslly hicrarchics of
differenl 1ypes of vrpanizatiomid-units, A1 one time, the
General Eleciric Company had a well defined hicrarchical
panization strociore which is illustrated in Figure 6,

I you were a “'seclion” munafer, you knew exactly
where you were in the munaipement, hicrarchy, This i3 an
easier structure 10 handle munuatly than by computer, at
reople did not pet quite as Lpset when someone Lhought it
appraprigic for a panicular "“unit" mansger 1o report di-
rcelly to 8 “section™ or ““department'” manager, 1F this
orginizalion struciure were declured 10 an -0-5 database
system with the stroctere lluzirated in Figure 6, then no
“unit’ could Sirecily repon 1o a “section™ or “depan-
menl™, it would have to be assigned 10 & "“subsection.™

The propesal 10 support aliemative owner record-types

" for & single set-type should be accepled because it is useful,

It does nol require that the datzbase sdminisicalor uie
cither the structure of Figure 3 {allermative owners) or
Fipure & funique owners), J1 should be supperied hecause i
asllaws each adminisiralor the choice, .

The more genens! argument, for the suppart of alierative
owher recerd-1ypes fof a sel-1ype, also supports 1he need 1o
relain the capability for multiple member record-types for &
seldype. In an information system. real world entities are
represented by records. These entities wre classified by
enlity-lype in order 1o faciliate ihe processing of dara
conceming lhem. Further, tach entity-type may portray
seversl cencurrent roles of behavior paltems and somes
times these roles are shared by other distinclively differen

"entity-types. For example, a Person, or & COMpany. O

governmenial uail may zerve in the role of * ‘employer™ of
peaple, and as an “owner™' of properly, Within such a
desighated role, the record-types representing 1he entity-
" typer shoutd be capable of being 1he owner or member of a

“rae Btructurs With Distinceive Trunk
(data structury diagranm)
trvenk . !
“fork*
ek
branch
Flguie &

Corporate Coganlration ftructurs
{data structurs dlagram)
= -

-

Ccompany

"departzant*
[ 113

departnent
unit

Fipax 5

sct-type which i3 role related, and be the bolder of & fiedd
which iz rofe relaled. Fipure 7 35 a data struciore diugram
which illusirates the employer role played by persons,
companics and goveroment Linits.

To model! this struciure, it is necessary Lo declare the
“person’ record-1ype, “company’ me¢ord-i¥pe and “gov.

Genaral Clectrie
Corporate Etructube
Circa 1570

(data structrm dlagrer)

orpcrat ion

¢ragp

divieion

TR I section .

¥

suk~- .
awctlion

‘unit
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Record-Typen Witk “Employar® Rals
{dats wiruatures dlagram)

T

- n =T ]

Flgoee 1

ernmental uril™ record-iype such 1hat all are ablke 10
pssume the rule of owner of the “employer—employee™”
sel. [1i% necessary 1o declare the person™ record-iype aa a
somctime sel member, “somelime,"” since il persons are
nol neceasarily employers.

In the case of a person who is sell-employed, the same
“person” fecord would be 1he awner and member of the
same occurrence of the “cmployer—employer™ set. Aoth
the allernative owner (prop. 3) and recorsive sel {prep. 1)
proposals would need 1o be accepied 1o suppoct this struc-
fure,

The reader should glanee back to Fipure 6. one of ihe
possible means of implementing the orpanizational unit
aspeets of a corporate structure. Given 1his stiucture, now
imaging how 1he organizationlo-employce relationship
would have to be handked. Each orpanizalionad record,
from the “corparalion™ record (through 1o Lhe “unit™
record, must be able 1o handiz the role of cmplayer. All
seven of the vrganizational records necd 1o be declared as
alieraative owner 1ypes to the “organizalion——+semployee**
se1. Figure 8 illustrates this exrension to Figure 6.

If one assemes that exch of the units needs to have a
manager, who is a persan, then ench of these seven
vrganizational unit role record-1ypes must also B¢ dectared
2 a member in the “managed” se1, The support of the
“manaped”” set pives an example of the usclulness of the
ubility to declied mulliple recurd-types ax members. of the
same set-lype. (Propasad 2). Fipure 9 ilesirales the Tunber
extension of Figure & 10 inclwke |he *‘manager-
—sorganizition™ set, ’

RECORD-ROLE CONCERT

For 1he theorclicians [and § is they who have krgely
argued for reducing the oumber of membuer record-1ypes
declarable for 2 sol-lype (o vne, and Yeeping the owner
types declarable W oned the inlnsductivn of 1he *record-
rle®” concepl may be of preat imponance. This is bocatse
there will be no argumenl from the prwtilioners over
having vnly one rsle declired as the owner of & sel-lype
and enly one role declared as the member of set-Lype if
rotes become decliruble emities. Fyunthermore, the owner

[ACROa COmp ANy lqaverrzaniel
unlt
\
\\_ /’ ‘rrpliyer--daryiryss”™ son i
_— .

and Lthe member declarations could be restricied 1o b
difTerent **roles.”

In the work at Honeywell Information Sysiems on this
subject, the word “record-role”” has been used to chamg.
terize the role concept introduced lbmre. The fuﬂmrin. :
drcfm'lmni apply:

® A recard-occumence’ i3 the dulabase representation
of a real world entity.

o A "record-role™ is a declorativa of the a collection of
the propertics {fizlds and sets) which a recond-ocquy-
rence may fepresent on behall of one role of a recd
world entity,

* A record-1ype™ is » declaration of a collection of one
or more record-roles which a record oceurmence may
represenl, while roles are all played cuncurr:nllr by a
real world entity.

* A “‘recordclass' iy the catlccuun of ali rmrd-ocm
rence of a parlicudar record-type. A record-ocourrence -,
is always in only one regord-class, deflined by n records
Lype.

¢ A “'role-clasa™ b the collection of afl record-occur
rences of & paricular recond-role. A record-aecurrence

!
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K in Dne or more many role-classes depending upon its
record 1 ype declarulion,

* A “role-occurrence™ is a subdivision of a fecord-
occurrence which s 1the represeniation of that record-
occurrence playing one role.

This dislinclion between record-role and record-1ype has
not been made yn existing dajabase systems. While a record-
1ype may have represcnted several record-roles, there was
oo Mmechanizm of sharing the fevord-rode declarations be-
Iween two of more record-types. Thits the same Gelds and
sets, relative to the role, had o be multiply declared, once
Ffor cach record-type which played the role. This led to the
requirement for multiple member declarations and alernale
ownet deelarulions fur wers.

With the recond-role concepl, 1he declaration of Selds.
groups and seis are all associsted with the record-rode
dectaration. Field may be accessed using field-names which
are qualified by recerd-role-nume rither thun record-lype-
fames. Sets are ordered by role Jdeclared fields. Se1 ewner
seleclion is baved vpon rele declured fields. Recond oecur-
renees of diTerent reeerd-1ypes coekist wilhin Ihe same 521

lype as ownera or members when the record-Lypes shure ,
1he sume record-role with Lhe declared funciion.

In 1he peper “The Fvielulion of Data Struclures,”™? there
was B yequence of daty siructure dlagrums which were used
1o illustrule the progressive introduction of new mela ob-
Jects and new inter-ohject rebstionships into dala siructering
capahilitics. The Orst two of 1the following three dJdata
siructure diagrms are reprinted from that article. Figure 10
ilusirales the mets eniities: recoed. feld, proup. owner,
member and data-strocture-set, where there may be an
uplimited number of member record-1ypes and owner re-
cord-types declurable for o sel-type. The diagrim of Figure
10 is the mela ohjeet strucqure which 1 recommend - 1o
DATS and have recommended und used for a number of
[TL W .

Figure 11 i3 a simplificatlon of Figure 1D whers 1he
restrictions of a one gwner entily-role and 3 one member
eatity-role hnve been placed oa the set-1ype. The sel-gwner
and set-member mera entilics kave besn meérged with the

a

sel-lype mela entitics, at they exisi on s 1:1:1 basis, Thiz '

yiclds the resificied siructural expability which was recom.
mended by some of the stlendees at the Namur
Conference.

The data structure disgrafy of Figere 12 introdoces the
mela enlity “recopd-role’. In this struciure, the “record-
rafe™ mela entity hay displuced the “record-lype™ meta
entity in ita dircer relationship to the set. group and ficld.
The record-lype concept is ndw ut 1he side, pssociated by a
declared relatiorship with one or more ““recond-roles*.

“"Record-role’” declarution may be associsted with one or
more record-lypes. From dhe viewpoint of the sei-type.
there is only one *owner'" record -role and only one “'mem-
ber'* record-roke, This fits mare easily intg the viewpoint of
both the relational model and the Data Independent Access
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Model. However. 1he requiremenis of the real wirdd which
we wish 10 model can be satisfled ps each real wond entity
can be recognized acting in one of more roles and ita
* record-occurrences are combined wilh the declared role
OCCUSTENCES,
Al this time 1 hiave na inlerest in irying @ iniroduce 1he
“record-role™ concepl into existing Jata descripiion bane
 guages and data manipulatson lanpuages, Rather, 1 wish to
pravide the rationale, wilhin Ibese Janguages. for

(1) recursive ser-types,
(0 multiple member set-1ypes. and
(3) mulliple owner set-iypes
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which provide an alternate means for schieving the objeg.
livey achieved by the record-role concept while remaining
within the limitations of the presenily svnilable mets cnfi-
lies, However, the eveniual imroduction of the *‘recond
mde"" may be the unifying faclor that we ek, -

The data structure Jiagrmamming fechnigue has been c-
tended to support the concept of recond-role, Figure 11is a
redrawing of Figure 7 with focus va the record-roles of
cmplayer ard employee.

They arc illustrated by the 1wo hesagons so desfpnated,
The recard-lypes with which the roles wre associated are
desipaated by the backpround boxes. The employer role &
played by the compsny. person and govemmental-uni]
record-types. [ classical data structure dizgrams were
thought 1o represent record-types and the relationships
beiween them, thes the new diagrams illustrate meord.
role$, their associaliond with record-types and their rela-
tionahips wilh other record-roles, Record-roles mre jlug.
rated by hexagons and ihe background boxes name the
recosd-lypes which play the role. Emch record-type s
considered 10 have one or more roles. a this example

“person,’, “company'’ and “‘government-unit™ are the
record-rypes. “Employer™ and “employce™ are recond.
roley. A compleie dais structure diagram would show each
record-type ance as & box an lop of a siack of hexagons,
Each hexagon represenling a record-role played by the
record-1ype. 11 would also show each recond-role, once ks a
hesagan a1 the tap of & stack of bowes, Each record-type
would appear once more 'as a background bax behind cach
tecord-role it plays. Figure i3 is thus an incomplete data
struclure disgram as il shows Lhe record-types playing each
recoed role but does not graphically itluslme each. re:ord-

Enployer and Employas Record-Roles
[Cata structure ¢lagram)

v

| * governmental-unlt
: " | company
&I Ban
employar
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*cmp! syar-->exployes®
mat -
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type wilh its record-rofes. Figure [4 illusiraies each record-
type with the recard-role 1hal it plays. Thus most akd data
siructure dingrams can be considered as being examples
where the record had only ane record-role, Thus ne role
faclaving is necessary. I altemnative owners or multiple
members exis in those dinprams, then the record-roles for
them has not yet heen factored. The importance of the
record-role concepl 1o dia siructure diagrams may not be
Immediately obvious at the flrst comparison of Figures 7
and 1}. However, consider 1he Tollowing analogy. If identi-
cal programming ¢ode appear in severul parts of a com-
puler program, it is comman 1o facior Lhis code out as
subroulines or &1 least as macro procedures o that the
documentatlon is mare eavily understood. The record-role
concepl k the dala struciure diapram equivalem of g
subrautine call. The diapgram illdsirales the shared aspecis
of the seeorddole and also all the places it has been
iaveked. For data siruciere diagrams, representing complex
organitations with many record-types, record-rolsy and

[ v

their rebitionships, the meverd-role has pruven 1o be ex-
tremely uselul in simplifying the diagrums. They nre much
more readuble, OF necessily. Lhese diugrums are anly

effective afier the now comept has been umderstood, vsad

awhile and accepted.

SUMMARY

The data structure sct is slmest the only siructurol 1o

©eurrenlly availible 1o the dalabase pdminisiraier to repre.

senil the relitionships between entities in his coterprise. Al
1his time when alf of ils usapes wre wnkpown, it scems
desirable not 10 plice any restriclions upon ils application,
Prupasa] 1, 10 permil recursive sein (where owner and
member are of the same record cluas). i 8 woposal o

- remuve a restriction, Proposal 2, to probibit meltiple mem-

ber record-lypes, is & preposal 10 ndd a restriciion. Pro-
posal 1. fo permit nllernalive owner declarations, is &
propoasl (o remove a Testriction, These facilities. within
today’s record-neiwork mode?! would provide a- workable
implementation of the role concept. an expreasion of 1he
tvident and imporiant multiple behaviar putiems which are
characterimtic of real world calities.
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Data management for clinical research - -

by W, L. SIBLEY, M, D. HOPWOOD, G. F. GRONER, W. H. JOSEPHS and N, A. PALLEY

P RAND O itpamrpimn
Sairia Modaca, O abhormy

L{INTRACT

1hw paper discusses 3 prolotype tystem intended for the
peisonial use of physicians ergaged in clinicat research, la
porticular, the protoype is a highly integrated, inlernctive,
mink vrputer based Jila management and analysis sysiem.
She facilities ofTered by L1he sysiem alkow the clinical
sveslipator o store, recull, wnalyze, wnd disptay his re-
warch data withoul resorting 1o computer propramming.
Mudern data base techaiques are aviilable ta 1he physician
o didv i orpanizing. storing. and reireving his duka, The
Wb huse concepds are eapressed in terms thar are familiar
w2 chinica) researcher.

MURIOSE

The purpose of this paper i to Jiscuss a prolotype sysem
mitended for the personel use of phyticians engaged in
vhaical research. In panicular, the prototype is a highly
mitcpfaled, jMeractive, minicompuler based dais manape-
menl uhd analysis gystem.

THE CLINFO PROJECT

The CLINFO proiotype dats mansgement and analysis
systrm deccribed in this paper hos been develaped a3 part
of the CLINFO project, 3 scientific jnquiry sponsored by
P Divition of Research Resources (DRR) of the National
nstriutes of Healih (NIH). The goals of the project are 10
swkeniify and characterize the information analytkc tasks und
e infoomation flows in clinical research, and 10 develop
Nlhllﬂl'l for facititning these tasks and Mows. The project
w heing canducied by clinical inveatigitors a1 the Baylor
lulrlt:t of Medicine, the Univensity of Washinglon, the
University of Okluhoma, and Vanderbilt University: by
adutmation scicnlivs al the Rand Corporation: and by scalfl
membyees, of the DRR.

We huve thus fur (1) interviewed clinkal investipaiors
Sk fiwmally and informally, (2} characterized their jafor
Wahon processing needs, (3) Kentified duta manapement
and anidysis a3 major problems, (4) examined exiuing
eBpuler aysiems aimed al satisfying those needs, (5)
devgacd, buill, and inutulled three coples of » protalype

63

system, and {6) stancid the wnal ysis of inslrumentynen daia
and user inlerviews 1o help us evaluale the sysiem,

Relercnces 1, 2, 3, and 4 discuss vamon sspects of the
forepoing poinis.

CLINICAL STUDY DATA YOLUMES AND
ACTIVITIES

A Genperal Clinieal Research Cenler (GCREY provides
facilities which climicid research persunnel can nse in con-
duciing a varety of medical studics. Fach study 1ends Lo be
separte and distingt from other studies and provides 3
natural focat point for dala collection and analysis. A larpe
study involves approximacely 75 subjects {palienish and a
tolal collection of upproximalely 67,000 data values.' |

Generally. a clinical siudy involves the following aclivi-
£~ )

* Buring Lhe study design the jnvesligetor decides what
data are 10 be collecled, al what rate, and in whalt
volume,

s As the sludy progresses, data are collecied and re-
corded in » central daia fle. Coasiderable care is luken
to ensure 1he validity of thass dala,

# Az the study progresses. the inveitigator review: and
summarizes the duta, Punt of the process of summan-
zalion invelves Iransenbing the data img » form suits-
ble for sialisticsl analysis a5 well wa the prepuration of
plots, graphs, and repons,

The CLINFO prmntype‘ i dc:i;-n;ul to aceommodale 25
such sludien, .

SYSTEM OVERVIEW

The prototype is implemenied on 3 cummercial minkum-
paler (Dala General Fclipse 5/2000 using mulli-user ex-
tendedt BASICY Each sludy hus i3 own parlien of a 1%
millinn characier disk, When an invesligator tor 3 member
of his s1afT} uses the system, he inlerucls with the CLINFO
soflware (primarily by respanding 10 prompts) amd iv pre-
vented from wsing BASIC procedures 1o affect his dala.

Figure | iflustrates the main features of 1he CLINFO
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profedype, The cllipses cacompaas the Lhree peneral activi-
tigs which were mentiuned ahove, The rectangles indicate
the vardos ways in which &a1a [or descriptions of data) are
stored in the protviype. The dingram encompasies a single
study Jor research prolocoll. This paper is concerned
primurily with 1the wctivitics babeled " GESCRIBE,” “EN-
TER™ und "REVRIEVE™ and the dala conlaned in Lhe
CECHEMA"” "UPDATLE,™ PATIENTS,” " SUBSETS,”
and the "STUY DATAY structures. The "ANALYZES
DISELAY.” “INPUT.” “QUTPUT.” and “"BASIC™ ac-
tivities umd their ossociated structures will be deseribed, bul
Jin lesw deiail,

THE DATA BASE

The orpanication of w TLINFD study data base is predi-
caled on three ohservalivng:

# The fundament) wnit of analysis s usually the patient,

& Data sine culleciod abaut thal paticnt over 1ime.

& The dura have natuesl proupings in time (e.g., 1he vilal
signs of a pulicnt are samplad ap esrentiatly the same
lirne),

The time-urienicd aature of clinical rescarch Jala has been
discussed by Fries,® Dv. Fries™ jdeas hove heea funther
reinforced by vur vdeaervations of 1he current manual tech-
migues o fecodding chad data, For essmple, data are
revonded in pudiont Mow sheets (one for each patient) which
are Twa-dimensivaal aerays wilh the rows represenling 1he
dastin Mems b he measured and the columas containing the
vidues of an item for different times of measorement. We
thuve funher wbserved that some of the rows can be
prouped madurslly inle related items feaumples of such
growps are vital sigos, bhood serum tests. unne analyses,
e}, Huwever, the proupings differ widely from stedy Lo
study. The CLINFO term fe a grouping is "PANEL.” The
cuncepl purallels reconds we proups in the CODASYL Data
Base Tisk Group IDBTG) report.”

PATIENTS/SUBSETS

The ey structure Is the PATIENT file which containg si-
cight charucter ahbreviation for guch patient (assigned b)r
the clinician when the palienl iv added to-the study) and an
internal numeric key ¢as<dpned by the sysiem). This file can
contain up o 352 differenl eniries. The entries are onlened
niphabeticatly on the patiem abbreviation ta allow for
cMicien1 scarching.

A subset is a named Me (e.g.. LOWBRLOOD) with the
same struclure a3 the PATIENT [ile bul contuining paticnts
with particular propertics. Mo particular patieat ordering is
mairisined for subsels, There cun be a5 many subsets ax
space allowy.

The numenic key associated with each patient references
p block of data in » PATIENT DIRECTORY (nod shown).
That block cortains some redundant identification dala and
twa 1ables, The first wable conlains pointers 10 the patient™s .
set of panels (see above) in the STUDY DATA fife and
counts of the numbers of instances of the panels. The
second ¢onlains date concerning the siate af the various
EVENTS (10 be described later) for Lhis palient.

DESCRIBE/SCHEMA

The SCHEMA' pravides the means for adapling the
CLINFO dain base siructure to the needs of & particular
investiparge, It is a description of the panels and their
contents. The schema exists in 1wo forms: the exiernal
texiual form and the internal campiled form, The former is
for human inleraction, the latter is for compuier processing.
The DESCRLBE activity is in essence an interactive editor
whirh allows the clinicizn 0 create, edil, and compile hiy
schema, '

The schema describes three mualn entities: TTEMS of
dats. PANELS of items. and EYENTS 1riggered by lh:
accurrence of ceriadn values for particular ilems.

PANELS have eipght character names, and references r.o
them by name imply reference to all of their ilems, There
are Iwa iypes of punels, numeric and textual. The (ype of -
the panel determines the 1ypes of the data items included in
thel panel. Exch panel can conluin at mosi 30 items, al) of
which are cither 32-bit Goating decimal numbers, or charac- .
ter sirings at most 70 charcters in kength. A sample panel
eniry in the schema mipht be,

PANEL | hist , paticpt 1D & hisiony.aumeric;
Reading from left to right, chis is the first panel (PANEL D,
its name is hist "', it conluing “p-.ttic'nl 10 & history.™
and ils itgms are a2l numenc.

ITEMS alto have eight characler names “which are used
10 reference the da1a associated with an flem jn a wide
variety of circomstances, Apzin, an ilem may cither be
nmemeric or exiual, In addilion, there are pans of the ilem
deseription that scrve 1o screen, validule, and possitly

encode the value asaociated with that item. For eaampbe: -

ITEM 9 HT Height inches . mum.range (35,800, na;
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Reading from left to right, this is the ninth item i the
whema UTEM 90, ies name s ""HT ™', its values represent
helght in inches. ity values are nuimeric and must lic in the
range 33 1o B0 inches inclusive, and i3 vatue need pot be
considered confdeniial (*"no""Y, *“Height™" and " inches™ are
purely descriptive and do pot imply anlomulic units checks
ing by the sypatem.

The sequence * num.range 55,800 illusirates one oplion
aviilable For -data screcning, Oiher gptions for items in
numeric pangls arg!

o dute rango(OrDIIYEI225198) .
the ftem vulue iv a dalc ia the indjcated runge (/31976
1o 1125/ 1980 inclusive),
* time range( 300,130
the ftem valug is w wme in the indlcated range (13:00 10
© 13:30 inclusive),
o num,checkid) (7.10,6.5)
the item widue b Aumedc oand one of the liiled 4
values.
m charcode(3)iyes .no ook )
the item valoe is extcrnally one of the listed 3 choracter
strings and is corried internally a5 one Ioss than the
ordinal position of the siring in the list (1., 0, 1, or 2}
® |he data iypes dufe, time, ond qum may reguire no
validating , ¢.g.. num.nane.

The texival panels and iteras are of the form:

PANEL 2ddemo demographic dala,tent;
ITEM 20,name ,patical hame lexy30);

The item *‘name*’ will ther be allocated 3 characters in
exh occurrence of & "*doma’” panel,

EVENTS are time markers maintained by 1he CLINFO
protolype sysiem 1o aid Lhe user in the reimeval of his dala
It is common in clinical research 19 relate the response of a
paticnt 10 & procedure by referencing some events which
marks the application of that procedur. For esaample,
blood sugar levels are measured a1 regular inlervals afler
the ingesiion of glucose. Events provide the means for
dealing with refative time. A sample event is:

EVENT 3 lest glucose ingesi gipe FIRST:

Reading from left qo sight, Whis &5 the third event in the
&chemay, its name is ““1cst.”" i relates 1o glucose ingestion,
and iI records the lime a1 which the item “glue™ FIRST
takes on a value. Tims js taken here to mean a combination
of date and rime. .

Events wmay be triggered by the “FIRST.™
“LAST.""MAX," and “MIN" values of its governing
dern. In nddilion. an event may be 1rigpered at the Bry or
kst time the ilem 1akes on a panicutar vatue,

When the clinician is satisfed with his description of 1he
"3 he intends to cullect, he compiles 1he schema (1he
wratem provides apprupriste lfeedback aboyl ermors in the
tompilation). He thep reyucsts that disk space be alfocated
W sccommodiie his stwly. He assisiy the allocation by

extimating the number of mutientn he gxpects to include in
his sudy wnd an appruaimate aumher of occurrences of
each pancl 1¥pe for the avorupe palicn),

He is Lhen ready 10 starl enlering patients and their Jaia
into the dula base. .

ENTER

The main function of the ENTER activity is 10 procesa
data {ertered interactively) in the light of the data screcning
specifications contained in 1he schema. The dula thal are
accepted are nol passed directly 1o the STUDY DATA Ffile.,
bul are recorded.in an UPDATE [lle whose comenls are
merged with the STUDY DATA fic al some tonvenisnt
time, This buffering of the input dats npllows z simple
siructure fur lhe STUDY DATA flle, reduces 1he exposure
of the system to compuler malfunclions, and provides a
means of reviewing the inpul daim before it is acluafly
recorded in the STUDY DATA filke. | :

Again, a CLINFQ dals hate is patieat- and time-oricnicd.
In order Lo enter data, a "conlex’" must be established for
thar daia, That is, the data must

* Helong o a patient slready in the PATIENT file.
 Have sn assovialed dale 2nd lime of day at which 1he
dala are aszumed 10 have been sampled.

Afer g rontexi has been established, (by interaciive
prompls and responses) the clinician may 1h:n cnler values
for ilems by either '

* Typirg Ihe name of an item followed by its valye ar.
* Typing the name of a panel. whercupon the system
prompis for each of Lhe jtems in (har panel.

The contex! tizys in force for all data eniered subsequently
unti] the cliniciin desires 1o change it. The conlext may b¢
changed at any time by lyping *patient:,’’ “‘dme™
“time:"' followed by the correspanding value,

As each valur (iocluding patient abbrevistions, dates,
times, and panel and item names) is eniered. that value s
checked for reasonablencys. The patiem abbreviation moxt .
be in Lhe PATIENT file: dales and Limes must have the
correct formal; panel and item namer must exdst in the
schemas the vatee for an item must satisly the crilerda in the
schema. Incorrect values are refused and re-prompred for
by ihe syslem. An exception is the case of an nut-ol-range
numeric valug which may be forced upon the eyricm by
enlering the initialt of 1he data enlerer. Incuorred bu
reasonuble valuey that have been accepied by Lthe kysiem
may be corrected by re-typing lhem (perhaps afller re-
eslablishing the correct context),

ENTER has three additions] functions:

® Adding natien) ablweviations 10 the PATIENT file,

* Reviewing data in the UPDATE file.

* Cuvpyeog awd screcning data from a wurﬁshcct into the
UPDATE file.

— apm e
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At an alternative to ilem-by-lem dats eatry. an entlre two-
dimcononal amay (i, & “worksaheer™) of data may be
entered. A wurkabeet i3 @ two-dire ndonul array of numerie
entrics extended 10 include 8~character abels for 1he rows
am) columns as well wx & worksheel nams, tilke, dage of
creativn and date of lasi medification, A worksheet s
atored hy the sy siem ax a file with the same name as 1hat of
the worksheet. Workaheets provide the data organization
reguired by the ANALYZIYDISPLAY activities. The row
and column Latels can be uted to reference patientt,
relative times, and items, There lubels are used 1o direct the
duta entry process. Data eniry via worksherls provides lhe
facility fod emering ““derived'™ data, (l.e., data produced a3
the resuli of 1he pnalysis of raw data} into the STUDY
DATA file. Iv also provides another dats entry route Thal
may be more convenient in nome ¢ircumsiances,

A3 indicated above, Lhe clinician can Ineractively review

, the contenis of the UPDATE file and edit it to the exlent of
delciing blucks of daia, :

When be is satisfied that the dain are correci, the
clinician can reques thal the UPDATE filke be merped with
the data atready in the STUDY DATA file. The newly
snlered dula are orpanized sulomatleatly into panchs, thoss
par. s are Marked with the internal paticnt idenlifier,, the
panct number. the date and time of sample, 1he date and
time of dala eniry, and the initials of the date enleser, and
the results are merged by date and 1ime of sample, The
merge process cheeks for existing instances of panels wilh
the sume dale and Lime #5 Ihose being merged und for ilem
vitlugs previously entcred in hose jnstances.

The investipalor iz now in & pasilion o retrieve his data
from the STUDY DATA file amd 10 Tormat it in a vanely of
ways: inlo worksheers, as & displiy a1 the 1erminal, or 25 »
file to be passed Lo an €xtermally gpenerated applicalions
packape [Such a file is & “"communication™ fide in CLINFO
lerminulogy.). -

RETRIEYE

The data in the STUDY DATA filke may be viewed as
waluex assuciated with puints in a three dimensional spoace.
Figure 2 iluurstes 1hat tpace. The pxey are fabeled ““PA-
TIENT. "TIME," and ' ITEM" 10 rcllect the p.1mm|:1:r$
thut unigaely idcaify a dala value.

The three dimensional space is sparsely populated w:th
ditu puints, expecindly if the TIME anis s taken 1o repee-
senl abwolute dates and times, Margover, not 3 dala are
collecied about all patizals Tor all of the expected limes.

It ix 1he intent of the KETRIEVE activity e wdentify &
planar slice of the dara space and 1o abstract pan of-1hat
alice jnlo a two-dimensionad Torm (ie,, 2 workabeet), Se-
kecting a slice wy iMusizaced in Figure ¥ resolis in what wos
relerred 10 abwve an o Oowshert Tor Lhal patient. A slice
parallel 10 the PATIENT-ITEM plane produces un array of
ilcems for o group of pecticats al @ partioular time, That 1ime
may be cither an absolute dale amd time, ur il can be a lime
relative 10 am even e f., 1wo hours wlier glucose inges-
tion). Finally, 2 slice paralkl 10 1he PATIENT-TIME plune

A ]

LS

ITLM

Figurg 1—A Ouz-dimensiansd represcntaten of 8 me-orienled duoa Ghe. |
ia & pamed o Wrms for paticos Ful Gme T

resulls in a2 worksheet conlaining the time history of a

" partlcufar item for & group of palicnis tupm either absolute

or relalive time).

The clinician ennyiructs his retrieval request inleraciively
undc# ibe controd of The schema, 1n panicular, coded items
te.g.. 3¢1 may be cither “male™ or “femake’™. bat n
encoded a5 cither O ar 1) are referned Lo in terms of 1he
external form {“male.” ““Temale''} while the system deals
with 1hem a5 numeric values (D or 1) The values of ileph
play & role if the clinician wishes 10 restric) the panels being
retrieved by specilying conditions that the valves muw
sanndy.'

When he completes the specification. the system surveyt
the appropriate parts of 1he STUDY DATA fle and pro-
duces a worksheel wilh the rows and columns sppropriziely
Tabeled.

The retrievals d|:cu:u-d above are limiled to numeric {of
coded) ilems, However, lenlual panels may be retricved
uni displuyed at the terminal or pussed in their entirety 123
commupication fle. This facility aflows the clinician 0
review his notes about a paticnl or Lo pass demopraphs
data to a BASIC program tha, fur esample, produce
mailing lisea. i

For those retdicvals in which a 11 of paticnt abbrev
tions is Appropriate (.E.. @ slice parallel 1o 1he PATIENT-
ITEM planc), the investigator may provide thal list by
civing the name of a SUBSET,

SUHSETS

As menliened above, subsets dre Tiles conlaining paticnt
abbetvialions and numenc Leysy, The files have the samw
siructuse as the PATIENT file. \
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Subsels wre croated in & varicty of ways:

s By listing patienl abhreviations.

s By the usual sef vperations tey.. inscTsection and
union} amung existing subaers.

s By requiring that o paticnt’s dita in the STUDY DATA
file satisfy a scl of condilions.

» By requiriag 1han a patjient’s daln in a workshees (e g..
the values én u row Labeled wilh the patical’s abbrevia-
Lron} satisly a sct of conditions.

The seis of condilions montkmed in the List two member
of the above list are made up of lists uf cither canjunciicns
or disjuncirons (hal not bath) of renge resurictions on the
values of items. A sample set of condinong is:

If 3 = ape = G4
and if 120 = sysiol = 140
and if ©osen = male :

The last Bing illustruies the use of 8 coxded item which 1akes
on ong of & sel of discrele values.

In addiion Lo the conditions placed on item values. the
time at which a tample wus taken can play & part in the
sclectiot. For example. the above conditions might be
required (o hold in the third hour efier the ingestion of
Blytose,

In any case, the usual reswll of & retrieval using eilther a
subsel or all of the PATIENT file is a worksheed,

ANALYZE/DISPLAY

The CLINFO approach 1o dala analysis is to abstragt the
desired data from 1he STUDY DATA file (which can cause
very intensive accessing of the disk storape) into 3 work.
sheel which fits into the user's working space in main
memory. The worksheel can then be maniputated effi
ciemly, especially since ita conlents need pod be re-abe
stracied from the STUDY DATA ffe each time & new
quesiion is zsked of 1hose coments.
A tample worksheet hag the format illusirated in Figure
1§ )

WORKKSHEET CLINK AL
TITLE Qlinical Characierditicy of Disbotic Patlenty

CREATED IZU¥YS  MOOIFIED (¥ -
FOFAGWE 1
¢OFCOLS 4
ROWLATOLS ' H 1 4
LABELS [T w1 Bl my dur dalk
fcasa |l n ke m (¥}
2o ] Frouale u 11
Y dcam ] n make ] %)
d caar 4 M malr - »
Seanr i malke " »
Eoay b ] - . .
Teanr ¥ n Kemaly ”» Y
(NotE . . . indlcatey infssing values)
Figwy }—A shingl: work she

A workshee! cun hold approximately 2200 enlrics ynd m
dimensions can vary within that restrictivon, In the caxe
ahove, the row, Libels are patient abbreviations ang the
column Jabels are item names, These fabels ind the con-
tenty of The worksheet would vedinunly be iu::;pﬁm? by the
retricval process. In addition, Fipure | indlcates an INPUT
facility that alfpws the dircet ereation of worksheels. the
Litwelling of their cows nnd columns, and 1be caloy of Jdar
il those rows and columns. This facility allows |ht|:
invesligator 1o use CLINFO s anafysis and diplay fealures
independerily of the STUDY DATA file, -

CLINFO mainlaing a “currenl” worksheet so 1hit the
same workshee| con be wsed in a varicty of silualions
without 1he user respecilying it as the worksheet of inlerest.
Most of the workshee! analysis and Jisplzy functions apply
1o Lhe corremt worksheel, The owin worksheet manipulation
fucilitics are; '

# Select & workiheel ps the current ofe by Lyping its
name, If (here 1 no worksheel by tha pame, creane
one as specified by the wser.

» Display & worksheet st 1he terminal (see Figure 3},

» Labe) worksheet rows or columns. \

* Enter dain inte n worksheet by row or by column ar by |

individual cell.

Dhscard [destroy) a worksheer.

Sort & worksheet hy rows or columns. -

+ Edit a worksheel by adding. deleling, or moving rows
of columns.

» Copy a sub-array of a3 worksheet, with labels, inlo the
same of another worksheel.

» Prini a worksheetl an 1he system printer,

» Display a fist of a)l the worksheeis in Lhis study.

Worksheets created by jhe retrieval process or by direct
mcans can be used by the analysis facilities. In gencral, the
analyscs can be made to apply to sub-arfays within the
body of » worksheet. The results of some anelyses may be
stared in worksheels 1o minimize rransenplion and 10 nuake
those resulls available for fucther anabyso. .

The CLINFO analysis Facilities inc!udr.:

* Descriptive St::u:l:u:: {means, Itlndll'd deviatient,”
elc.).

o T Teat. i

» Chi Square Test.

» Linear Repression {simple and multiple).

» Anzlysis of ‘-"nﬂm:.

= Cross Taba, :

» Scatier Plots nad Bar Charts, '

» Histograms.

* Frequency Distribuions,

¢ Normalily Tese, :

s MNon-parametric Paired Tesls.

In mddirion, special caleulations may be performed on a
wawksheet, and the resull of these cakulatiung are slored in
the worksheet, This Facility replaced in pant Lhe need fur
specaal purpose compuler programming. These calculufions
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+

o Generyle values in a row {or column) a8 the reseh of
cvuluating & single alpcbruic-like expression involving
other rows (or codumns) as vaniabler,

s Generyte truth valyes (0, 1) on 1he same basis.

s Perfurm special calculalives swch a5 cumulative wum,
timve Jfcrences, cte.

SUMMARY

The forepoing dincussion Joos not describe the properica
and Facilitkes of the CLINFO prototype in their entirety,
The ntcat s rather to outline those propertics and Facilitics
and (o emphaxize the idea of a personul, imcgrated, highly
inteructive syscm placed in the hands of persoanel whose
Prmary interest is 1o use the syslem a3 tool,

Al least one CLINFQ proiotype hus been in daily use by
medical personnel since January of 1976, The scceptance of
the system scom 10 be pood and it s being used in
produciive ways., Morcover it i being used personally by
sonbie medical sUT, that is, the rescarch stall for which it
wuy deyigned,

Our evperience to date indicates that modern data baze
techhiques Le.g. the SCHEMA), when expreased in the
user’s own lerminology, ure readily vndeestood, accepled,
und uscd by those persoanel, The use of terms such as
“PATIENT, "PAMNEL". and “WORKSHEET" and the
time ortentution of the STUDY DATA file are i Dociden
lal, They play an imtpurtanl roke in making 1he compuler
wcienlixt’'s lechrigues understamdable by and usclul 10 the
clinical researcher,

Anather poind of inlerest is the uliity of 1wo distiney data
structures, the STUDY DATA fike {and ity aswocizted hiles)
and workxhecis. The STUDY DATA Mle ocis sz & pogt of
daia whose contents can be ubsgiracted and armaged inlo a
form more sudable for viewing amnd unnlyzing (i.¢., 2 work-
sheet). In wddition, workshecis terve to store duta and 10
communicaie them between steps in 1he analysiz process.
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A ‘methodology for multi-criteria

information system design*

iy JGHN S5, CHANDLER and THOMAS G. DELUTIS

Thet CMir Sdoir Llalverciry
Cudumban., Ohia

\BSTRACT -

Ihe deaipn dilemma Taced by the desipner is to sataly o wet
of mnﬂlclmg uier demunds and resolve o sel of conflicling
tesdurce réquirements concurrently. In light of the com-
pieily of medern sysicma, it is assumed that good system
desipn need only praduce sutisfactory performance for hotly
smicra, Currentl eviluarive lechnigues, however, concems
ttate an either the vser crilerion ar the system criterion
aspect of the tola) design probles, bal not bolh. A meshod-
vhogy has been develuped thar establishes a furmal aison
ketween the evaluation of user guals as a funclion of syslem
wctivity and 1he evaluation of resource vtilization as &
fuaction of user demund. Ihereby creating a desipn/evalua

- twa process 1hal encumpasses both criteria. The methodal-

gy employs three stages in an ilerative manaer 1o produce
a “satisfaciory’ desipn. The 1PSS simulatar models and
measures sysiem aclivity, muhiple poat programeming eval-
usles bolh user and sysiem goals, and hewrisiic procedures
determine design modificativns 1o ippeuve performance, A

“funciiona! description of the m:ﬂwdalogy and an examphe

of i dts use will be presented.

INTRODUCTION

In March of 1973, ACM and NBS sponsored 3 Workihop**
i compaler performance evaluation. One of the major
resulis of that Workshop wils o consensus that There have
been 1wo sepurute approaches 10 the evatuation of informa-

" lion systems performance-wone which focuses on Lhe com-

puter sysiem domain and the cther whose atienlion is
directed at the applicution system fuser) domain, Exch have
their own goals and measures: the compuler sysiem duenain
meanures are Based on resoures queucing and ulilization
Matislics and the user domuin’ iy evalunied through the

Merformance of requested services, Measwres swuch as -

vundycted wilh the suppont of The Matipeal Sclency -

e e—

* Tain wih i
Foundalion, Giaol Mo. S1ST5-2 1648,
“mw-umhlumdwmmwmﬂfyhﬁm‘
SHL bo raamine the Mmagor hauos invilving competens. Pemonmance evaluy
Mwn:mﬂulheiq:ﬂmn‘lmm-ph:mﬂhm

WPl o8 CompesEr wiagr, J\imqrdlhmmWnu
Reference |, .

"}

throuphput and response time are comman Tor e Janer. |
The Workshup also concluded that any perfermance anly-
st “thoukd recognize both the costs of 3 compuler indalls-
tion urd the needs of users for service,™

The compleaily of the decign problem for manlem com-

puter hused informatinn systems has increased sipnificuntiy
over its predecessors due Yo:

a. the servicing of un c.tp:mdm; runge of user or U
with comeponding diverse pcrl'mrmm pouks dnd
-EsgaIrde requirements, nnd

b, the dynumic and enprediciable behavior of The sysicm
as a lum:lu.m of design decisions .md hsul ek,

Thet, it it quile possible 10 improve 1he perfurmance of the
aysiem with respect to one of more wsers ul Lthe eapense of
others. Likewivwe, because sysem resources are used b
different users, improving ihe performance charmcterislivs __*1'
of one or more resources for the bencht of spevific user
may have an overall delrimentpd effect oa performance. The
problem presented ta the dexigoer is 1o configure a sysiem
which satisfics the wser critedon while wchieving system
msource reluled performance eritena.

A tomputer kared informalion processing system can he
viewed a1 symbiolic selielionship between e aysiem’s
waers and [is hurdware, sollware und dala resources. hie-
ally, the sysiera will perform *optimally™ when il achicves
bis uxer ordented ohjcelives within o minimum cost system,
However, oplimal solutiony are sebdom wchieved when
systems sre complex, |IF defined or consiptined fur reasons
outside the contrel of 1he designer, und thus, the desipner,
wsually scutdes for o stisfsciorly behaving sysiom., Hope-
fulty, systematic prowedures are employed 10 .u:hm: 3. a

tem configundivas which concurrently meel Lhe usr pbjes
bves while obluining clTicient uiilization of its resources.
Current ¢valuative tnhnulu;lﬂ focus on valy one criteron
in the system desipn equation, cither the uxer or the
:r?mm ¥ FRRONTCC p-wrl'urm.mjr.':. The 'J.lbllll'ljl' o ﬂmull.g'l-:
ously axceriain the impict of resource performance va uer -
po:ls or vice versa is not roadity achicvable through thwl .
methodologies. The purpose of this puper.is to deseribe &
methodokogy which establishes n furmal livixon between the
evaluation of user poaly a3 a funchion of xystem behaii u.lr

. . ’ ff’:' ‘
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and the onalysis of rexource performance o & fupctbon of |
user nctlvidy.

Lhser odiented unalyses with ohiective lunclions hased on
response time, Lhroughpat, and coxt have been {und are
conlinging g be) repored in the literalure, Most fre-
quemly, amdytic approaches use queucing models as their
hasis (References 24 are representative of this type of
analysiz). Due [ the necessily to maintain  traciable
miodchs, many simplifications are required for a model's
wnzdytical suludien. Simubatign models have alyo been ap-
plicd o user odented mmalysis. ™ Unfortunalely, 1bhese
modcls yield only average endfor apgregate measures of
system response, As a result of 1hese simplificalions, Lhe

unalyses produced by boll of the approaches fail in many |

cases 1o identify the relalionship belween users and re-
sources, Thercfore, they are suspect when used 1o predict
the impact on sysiem pefformances of modifying the cur-
rent environment.

Allernatively, performunte analyses ¢on be made from
the syswiem’™s stundpoini, tréating the wser und kis poals in
the apgregale. The most common approach it a sezhsystem
study, where o parlicular part ull the informution sysleme
cumplex is Bodited, with the suhaysiem user(s) represenied
by w sluchislic pepermtor, beth anatyte ond simehitive, The
muosl emphasazed oreas of research hus been 1he U0 sub-
syslem® ™™ and CPOU wilizalion.*' =" The problem with this
level of cvatuwaiog is that, #lthough providing voluzhle bocal
intuilive insighl. these models rarely relate 10 1he ultiimale
informalion ~ysiem user. und. therefore, do not provide
realislie inaighl into plobal performance,

Examimtivns of completd syslems have also been made.
Exhaustive hardwirefollware measurements have heen
anadyzed by Gonzales and Cantreli™** while simulation
muodels, including un agpregite user corpanent, have been
hujil by Regves ind Pooch, Narkind, and Lum, -9 AS,
though results of the evaluitiuns include sesource wiiliza-
livn stulistics and wser oRenied mensures such bs rosponse
lime, theze is lilde atiempl in these, muodels to relus
particular resourge wsape Lo the offen on user poad o1lain-
ment. (Two  ¢xecptions &re  Linday's siudy of the
KRONOS system und Hall's Jata base invesligations, ™)
Bul from practivi] cxperiense it i cvident that there is
indeed 3 relationchip hetween user pouds and  resoerce
wage. In fact, Auzen® hus recently proposed some fundos
menkial Laws Tor compuler perfarmance which relare re-

~wive wtivity 1o plobo) aysemfuser measures such na
" respenee 1ime ond throughput. | -

It s ussumed that the vhjcetive of pood sysiem design is
0 salixfly both performance related criteria. However, in
light of the complesily of modern systems, muay desipn
decisiins wend to be mide withoul proper supponive cvi-
denee on performance. The crus of 1he problem s 1o
exfithlish a caual relationship between user poal aitdnment
und system resouree eapendilures, The methodolagy 1o be
disvussad his been desipned 1o estibifivh such o tisison and
will b ahown te allew for the collection of herelolorg hard
I oblain evalialive iaformation. The methodolopy meass
ures the impact uf individual user chisses o internat syslem
rerfuoenxace aad Wenfiffes system botllenecks which inhibit

(H R .
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Fagure |—Siages B vybon dodgs process :
ihe attiinment of user gouls. This is uchicved by maininin
ing resource utilization atistics on a weer class basis, This
metbodology presents an evaluative fmmework which s
cupable of eliminating mauny of 1he numerous nonsalisfac.-
tory designs by directing the desipner 10 the most wdvinia-
peous ones. This methodology s un ingrative ane wilth each
Heration involving three separie bui integraled stapes,
Figure | illustratex 1he activitfes for an ilerativn. Briclly' the

responsihililies Tor each stoge shown in this figure ane:

Stuge 12 Srerear Eviluation

This tage is respansible for evaluwaling the hehavior of a
specific information system model. 1t does thix hy associats
ing the hardware; sofiware and duta uctiviticos helonging to

a specilic dexipn with the system’s user activities. T'hn:
ml;uuls of Siupe | are perfurmance stathstios for lhc re-

sources in the agprepute snd Tor their behavior with rmpwl
v bdentified users (or uses), To perform 1his I'umlmn he
IPSS Simelior is employed.t

W * !
TIPS i sperclal prurpyest discrete evenl =imutulor whase deyvehipment s
eamuduchod wilh the suppewt of the Nathosol Scivser Foomlsion, Gr:nl Ma.

v
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srage 3! Ly Goal Evalintion

S1ape 2 has two |:»|.|:'[:;q.':rs.nn:+ The first is b asceriain whether
ehe wner pusils ure being either nver oe under ichicved . The
wecomd puTpose §s 1o delerming the *“hext™ sel of puidedines
foc alicring the cwrrent syslem configurutien in onder 10
pbpain the user poads with minimum penally for cither under
o over wchivvement, Maftiphe goal progrivmming (s used Tor
this purpene. Ax will be seen. Vbest™ is a function of the
awigned penudly coeMickents in the poal pregramming ob-
pective fungtion,

Siape Lo Desipn Evedaatlon

Stage J T two [unclions. The firsl s to uacertain
wheiher or not Lhe current desipn's performance is fatisfics
twry with respeci Lo buth the User criteria and the system
crteria. If the design is not salisfuctory, then this slage's
weond poal it 10 define o pew sysicm hased upon 1he
currenl design,” pror alterutions. und 1he resuila of the

Stage | and Suige I analyses. Hewiistie procedures are

curre ntly employed Foe Sl.lpc 1

The locus of this paper is on the Suipe 2 I"urmul.luun and
its formal fizison (o Stage |, The paper ulto idendifics the
wnigue feuiures of 1PSS which permit 1his mulli-siage mi.
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crileria methedology 16 be nckicved. The aper L‘nnclmlcl'“

with & discusslon of the uve of the Siape |oand 'it:mc I

. resuhis in the Stage 3 heurisics,

EVALUATIVE REQUIREMENTS ' "

For the purpases of This methoddbopy. an Information - -
system b viewod o the sum of ity esors and heir poals, and
he apstem’s services amd Their subgedinale activities. This
is Husirated in Figure 2. B s axwrmed that Ihe sysiem's
amclywd can identlify wnd clasily the syslem’s grirs woeond-
ing 12 their senvice request churuteristics and aecording o
the performance cunstraints imposod upen the system (€.
pouls) when honoring their reguests. 1L is afso wswumed that -
the naalysl can khentify those informalion sy~ stivilios
which are critical to syslem pedfornsince. Uhviously, the
complexily of Lhe problem iy increwsed subslamiidly when a3
sysiem supports Jiverse wwer of providex 3 wide spegtrum
of services. Whether or not the system B complex or
simple, 1he criteria fur identilying system activities shwukl
be hased upon the senfitivity of 1the system’ s perfurmance
with regard to changes in their hehovior. '

Information sysiem services are viewed os being w series
of distincl yet interconnecied activities which are invoked
during the prucessing of a <iream of user fequests for the -

*

e

-

¢
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service, Apnin, Figure 2 ilusirates Lhls view of a sysiem.
Mout bikely, sysiem achivilien are agprepations of one or
mure imditional cumputer system funclions that perform
the Tollowing ruska: '

reguest {job) scheduling,

sk Management,

resource allocition,

. secondary storuge V0 processlng, und
upplicution processing,

A e “wk PR o

The chuice of whal ¢ondilutés ap activily is pant of the an

of peduermance-evalwion, however, o necessury conditlon

for their selection Is thal they be memsurable ond that 1hese
measuremenls distinguish the service rter for separafe
classes of system kervices. It v nfso assumed That the role
of performince measurement s 1o determing the currenl
processing rule for the jth uetivily with respect 1o the ith
service, '

Figure ¥ ix & schematic of the functionid compasition of

Arrival of a
Mequast ak cha Activity
for Bcrvicea Type 1

sysiem uctivities. Eauch ia viewed as on individua) queueing -
cpsiem containing one or more priofily queuet and one or
more ikenticd servers. Addivonally, 1he performance

meisure for the nctivity in processing o requent type ls the-
sum of buth Ihe quene performance oad wervice functions of

the uctivity. Throughout this paper. the varable Ryl ks

employed to identify Lhiv performance of nctivily A;,-with -
respect 10 Service 8,0 1t is ssaumed 1o be 1he avernge of
performance for all (ke enecutions of A, for 5, Al

isucisted with ench uctivily A, is the performance faciot g,

which i imterpreled as the sealing Lecior 10 be ppplied 10
the Rt to ubtain the level of pedormance for the jiy

setivily which minimizes ihe goal propramming objeclive
funclicn. 11 should be noled that the problem of identifying
B " Jevel uf performance Tor activities, Le,. determin
inp the approprute volues of the RiYs is compounded by
the multiple use of the activity by different and posibly
ranflicting services, Therefore, the modification of xn ne-
Mivily's processing rote 10 achieve oag poal may be couater-
peosductive 1o the stlainment of another goal. It is on Ihis

Gueus Transik
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posaibility nf mulllph: conlligting interaclions and puals thal
ihix methodudegy is focused.

FORMULATION OF THE STAGE ? LVALUATWE
PROCEDURE

Stope 2 ls ased o an eviluive procedure commanly
calied mulliple poal programming (MGP), The provedure
was first Tormululed by Charnes and Cooper™ in 196] 1o
witvg lincur programming peoblems that hid conllicling
canslinls. iA® develuped 1the details of 1he prowedune
within 1he frimewark of muthematicol programming, This
technique hax been wwed 1o salve problems in the areas of
wraicpic menapemeni planning such as accounting con-
trol.® advertising-media planring (Charnes and Cooper™),
and rerource allocation.® The employmesnt of poul pro-
gramming in conjunclion with iaformation system poform-
pre evaluntion ix a new use of Lthe procedure,

There are Lhree ressons for chousing muliiple goal pro-
pramming for wse in this stape of the methodotogy. First,
this approach cun eviluade linear and ondinul muliple pol
sittatlons, boch of which are inherent 10 informalion sys-
wms evaluation. For example, one pser chnis may pay
ewice us much fur is service, and, therelore, satisfaetion of
its poals may be wurth twite as much as olbers; o tinear
eelalion. On the other hand, centuin users, such a5 a critical
palient menitering applicitiun, may have incomparable
imporiance relative 10 olher classes; an ondinal relation.
Sccond, muliiple poal programmieg produces a sululicn
that st only cvaluales the tatal goal situition, but also
evalyales coch poal, individually. One of 1he purpewes of
this methodology is 10 determine the cntical user classes
and ussociiled activities. Third, MGP derives 1he “hesl”
design under the given poal constraints. Other desipn op-
proaches such as weightling, sequeniinl elimination. and
spatial proximity,™ are based on selecling the “'best™
design [rom 4 finite we1 of aliernatives. The purpose of the
overull methodology, however, s 10 desipn an appropaaie
system to satisfy the ‘user and rescurce constrmints, The
Llandard farmutation of a muliiple poal programuming prob-

m s *

[A] Minimize P-D
Subject o AX+D=(G
where . '
A=a mainx of techmological cocMicicnts
I which can be thoughl of as the rules a1
. - which the ilh scrvice uses :hc jlh Fe-
SOUTCE
X=the arruy of nesulling sysiem resource
altocation levels
. Gi=the amay of service poa’s
. D=the armay of discrepancics from these
poals
P=the wrray of penulliex associaled wilh
the discrepancics in D

and where 1he abjective function is 1o minimize the product

-

of 1he discrepamcics and their associzied pemaftics. The

salution la a mutliph poad propmmming problem represents B

the heat sel of leveds for 1the respurce allocition veelor X
such (hat The uhjective funcliva is minimized, The remain-
der of 1his sertion discusaes the specifie formdation Toe Lhe
Stape } compunent of the methodology. | -

Figure 4 illuststes the relativnship belween MOP, the
information system aclivities, ard itx <erdeing of user .
requests, The servicing ol b roguess tppe § is o sequence of
activithes, Ay Age . oo o Ag, eich svsumied to be messun-
Be by Rjiv. ' genenil. the measure can be a funciion
M(RZiN of the scrviee time. howewer, jusl RAi will be
empluyed jn The fellowing dis¢ussian, )

The pedurmance of the infloamution system for unri?
Lype i is piven by the relition

Tdiy= i (R4 m!'

1=
where Tib in 1he avernpe syslem rexponse lime 10 service
requests of Lype L Assuming 1hat the performance pocd for
the service it Tdi). then the discrepancy between perform-
ance and poul is given by *

DU =T i) =T i {1

The ovhjeetive of MGP ix 1o delermune new perfurmange
levels for cach aclivily in such o manner that the weighled
discrepancy. P-D, i aninimized ihopelully 1o zerod. Letting
B, be a scaling fucior 1o be applied tu Ihe jih activity, then
the new performance level for the activily is RjES,. Incor-
poraling the 8,'s into equation (1Y mesulis in the following
expression for the discrepuncies:

-

Di=Tad- T Re:A G

Observe that bath pasitive smd nepative discrepancies are

pussitite, and, therefore, the formulation of the wser :ou] -

evaluition a5 a MGP prnbl:m becomes: §

[B] Minimize P,‘*D’«l-l"."D'_
1. R-g+D*~Duli .
where -

R is a mairiy of service rutes
B is the array of sealing [aclons
Q* is 1he arruy of user pouls :

. D*and 1F are the wrruys of. rexpeclively, the posi-
tive wnd aepative discrepancies from the -
wser poals

P+ and P~ are the iwrrays of penaliics associzied with
the corrcspunding pusilive und negative:
. dizgrepancic.

The formulution serves [wo purpasex: i eviluates poul
achicvement and produges 1he 8)'s. By seiting the values of
the By 10 reflect unly the currenl conliguration Il‘l.t.. ﬂ,-l].r

- ...:i‘
i The rumpkl!ﬁrlﬂlm uppemhlprﬂim p.-pﬂhylhluﬁal
mmﬂﬂhlﬂfmdmcw:rmmﬂﬂm
Movrmber, 17,7 L

L b n.""
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These consiruints are refllecied in the nhﬁﬂh: ftmctiun
in a manacr different than previols constraints. Tnslead of
minimizing bolh discrepuncies. oaly one is minimized. In
Ib¢ case of 1, only u,~ is incloded, since, if g,“ is driven to

the evalunlion of the syaém's ateajnment of the wser poals
is accomplished,

Experiments with formulytion B produced valid; Dt
impraciical sels of A's, The MGP probicm as stated allowed

for 1he possiblity of sulutions where 4 8, could equal 0, rero, then Rgild,—u,*=L,. implying that RyA>L,, the

cleusty un unacceptable sitluation. |n order 1o inhibit this Jesired cosditlon. Simitarly. for H, only w* is in the

type of wlution, limils were placed on Ihe runge of possible ohjectlve [""Wtion hccnun minimizing #° -results i
A, ¥vidues. This was -wuumpltmﬂ with The fallowing sl of ____ R_u[ﬂﬂ,-f-'Hj- PR g g Ty

additivral constrints: These sdded constnsnts afxo have a physica) imtrpn:tn-

Bitu, - m"lq - (4) - thon felutive 10 Ihe evalwation of 0 System. No setivity

. - gan he'eliminated Trom a system (Le., gh=81 since L, must

Bt #~w=H, L5 be preater than 0. La general, however, L, represents the

where : lvwer bound on the Jegree of reduciion Feasible for the

current.rivle of usage fur an activity. For example, L= 25

<=l : mpfies that the usape rate for petivity j cun be maxle, t

J tsH . moxl, foar 1imes fasder, heing reduced Lo 23F ol its. current

. 1 . =+ nue;—Simikirly- H, repfesenls the - upper buund “on ' the

L, is used 10 restrict 1the uliemative possibilities for the cuse degree 10 which an activily™s mie can he incresed irluwed

that 221 white Hy ix used fir those cises that g1 In downb, 1t muxl he cmphisizod that these limils are enly

penend, the set of all positive discrepincies for L's, e © ruogh estinuates, not eascd vilues,
By er oo bt Fa MY ound likewise foe Hirx*, n*, ..., In oader 1o reduce the number of aftermatives ane ihﬂl-lll.l

# =N (M and N7 have simitar definithong), minimize the number of modilications indiculed per evulua-

C e,
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jion ferion. Siace modificiions are characiesized by the
pmducim of 8, not egual LF ). & secondry objective of

5:..;: 2 is to prvduce as fow A% 1 selulions us possible, |

This i3 accomplished by including the comtraing cquition
, Bre-gr=l (6)

_white minimiziag btk 6 nd o

Constraints of this type provide o delanlt vadue of | for the
mudtiple posl propramming procedurcs ja 1he case where an
Sctivity b melther orvicaily incffivient or nccmv:. tNole:
|.l'| ..¢! (RPN ]-E.}

AL o result of these added constraints, 1he acwxl formuo-
tion of the MGP problem usedd in Stoge 2 b5 given In
formuebdion [C] below:

[C] Minimize Pt D+ D+ Py M=+ Pyt
N“"'P;"E.'FP[_-'E-
5.1, R-g+D-D* =G
A+M-—M*=L
A+N"=N*=H
- Bt+E—E*ml
where

R is the mairix of service ratey
B is the arruy of weafing fuctors
G, L. H, und § are 1he amays of goals for 1he
user criteria and Lhe respective g
constrainls
D+, M‘ N=*and E* are the wrmays of posiive and
regative discrepancies from Lhe
respective pouls
« Pu®, ond Pc® wre the arrays of penaliies for
the associaled discrepancies,

P, Py, *

The solulion variables for the MGP prablem are 1he 8.
They identily those activilies 1hat must be wltered |n order
o improve user based or sysiem hused performance, If the

_value for a 8= 1 then Lhe service chamscieristics of Aetivity j
were ddequate 10 salisly all the weer's crteria, 17 a <1,
thiz implies 1hat the current service rale of aclivity | is
insufflicient to meel The system's needs. The new service
rate for the aclivity should be R =g, (R0 o f>)
then {he curent service mile of aclivity | is fuster than
necessary und there exists the posdbility of excess capmg-
ity. The ncw unil rine should be R4 =(8, )8R 1)

Assurning thid an netivity follows the charicierizalion in
Figure 3, then the analyst hus 1hree uvenues of action when
8 g1, Fimst, he can analyze the queuwe Jisputching disci-
pling In order 10 increase queuc throughpul (or possibly
replace it wilh a simpler one if 8> 1), Sccond, he can wlier

the tervice rate charuclesistics of Ihe scrvers, e.g., slower
hardware devices. And ihind, he cun intrcase {deoreave) 1he

degree of pantlelism among servers, for eaample, by udd-
~ ing (remaving) n secend channel, controller, cic.

LIAISON WITH STAGE J

Tee criticul fuciors in the Siape 2 evalualion ore the
values for the RYip's nceded by the MGP lormulatian,

» LN
r

These valtes are colculiied in Stape | and ane the statisticnl
meisore produccd Yivea-vin the simolation, The specifie,
mode) (o be gvaluied is the resell of the Beuristic proce. -
dures consiuting Stape 3. The kiison v based upon the
msamption that aa information system can be vicwed ox a
collection uf resvarce allocalivn ond Bk MR e
activities and user orienbod wservices, This vew s suppeniced
by the literature, ¢.p.. Madpich™ amd Zurcher and Ran-
dafl = IPES o views the moddding of an infoymation,
system 60 simitar fanncer, amd thus, Balicnes the devel
aprenl uf the foemal Wiison with the MGP user evaluition.

The view of 1he sysiem raben in Stage 2 das iosinmed in
Figure 20 fus un aralog in 155, 1is bosic mdeling concepl

K thut of @ service oa shuwn m Figure 5, The service &5
clussified in IPSS &5 o procedurdd lacility and is capuble of -
represeating any information system wctivity including re.
quest {jubl scheduling, tisk mon: tpement, resource ulloco-
tion, sceondary slorage MO provessing and  application
sofllwnre. Since services are allocstable Lugiliies in IPSS
Ibey have associnted with them both guencing und wiilizi-
tlon stalistics, Furtherminne . service bolurvior van be predi-
cited on ibe quantity and chinxlerislics of other PSS
hardware and sofltware acililics. Therefore, the statlstics
associated wilh service Facilitien have the apprpriale M-
fure to service ax the R,'s needed in Stape 2, 7

To compiete the formal fuison hetween the 1w sl ;;1:: ]
kecond ftnlure is employed. Thix v the Task [Dcility.
Through llh usg, the wervice Facility statislics cin he gene
matically wcgreg.n:d inlo ~ervice satidics by wser. Lo this
mznner, Lhe stalistic RAi), required by Stape 2, is collected.
Thus, the Stige 2 users tindewed by 3 und the sctivities |
lindexed by ]} are, respoctively, an IPSS model s Task and
Service faeilities. An Rgid is the sum of queusing umi 3
uiilization siatistics gathered for Scn.riu i when cxecuﬂn:,
Task j.

Stape 1 must plso be aduptive 1o model changes dn:mlr.d
via Stupe ). Agzin. the |PSS madel symthesis philosophy
and Linguage contructs permil the desiced adapliveness.’
This is passibls for reasons too detuled to disguss in thiz
paper. A complete deseription of 1985 is available in the
document lithed “*The [nfarmation Processing System Sim-
ulitor (IPSS): Linguage Syntax and Semantics,'™™ Briefly,
however, passible maifications to an exiling ond execut-
ing modcl wilhowi requiring complete reformutation include -

L
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-
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chunpes o -

I, tming nnd spuce characterivlics inaociated wilh sec-
ondary slusipe hardware und s1orage media,

1, the secondary slorpge 14D conliguralion,

3, uner e padlerns and xervice regulrements.

4. filc onginization melhods und apace managemenl poli-

cies,

the queucing disciplines aswpcisied with job schegul-

ing. rexpurte allocution and tank munapement, ond

memory massigemend poficies. . :

IPS8 supplies the Stage t pracessing with a capability of
bing selfudapdive wilh respecl 1o Stape 3 cutputs, Cur-

renly. the methudology employs modeler assistance in

Sinpe 1. Furure research will he directed il providing more
sophisticated heuristics for Stipe 3 in onler to provide a
truly xelf-conbiined iterntive meihodolopy Tor the multiple
erileria evalualion of tnformalion cysiems.

STAGE 3 ANALYSIS

The fuactions of Stage 3 of 1he methodology nre to
determime whother the currenl confliguration i satisfactory
und 1o formudaiye 31 new mode! in light of the do provided
from Stage 1 and Siage 2, Figure & shows 1he information
Mfow w Siuge ). New modets reflect ihe perforncance poals

() Corsmen Mgl
. L PRI T
4T Hludprizsl
Bals v
Feevinab
TE e Jron

Figure b lnfia iy Mow ke wlape 3

of both 1he uzer and the syateer. Heurishicn using Suther. .

land' 1~ definition of n héuristic are employed in Stage y - - .

The peoblems encounicred are camplex and unsirg,
lurcd, Determining il the current design is accopraic
requires a mixlure of ohicetive and suhjective rexsoning, 1y -
wirzld be a vare situstion if ofl the user gouks amd s yuem

. comslriinls were satisfied simolianeously. Generally, an

eatremely wide specirum of acceprable performance levef, .
wnd alleraalive desipns ore possible, ot ewch ileration, 1"
sutisly hath eser and aysiem eriteria, Tiade-ofMs will dor-
nate Lhe decision processcs, Muny foctlors effediing suihle -
desipas may rat be included in the formuliions aml proce. |
dures of 1he firms 1wo stapes. For example, there may be.
eaternal political, orgwizalional or economic consilors
tions that sre aet direcily relared 1o 1he performance of the
system, bul may be o migor factor in the final decislon, The
methodology does assume, however, thul the hewrsii
procedures have vocess 1o this extermal crilefia,

When il bas been determined that apother jleralion i
dexitable, 1t is assumed that the heoristics will gxamine
currenl und past designs, Whatever the houristie employed,
ideally its ohjecrive ix to produce o sequence of modeh
whuse 8, characteristics (for »ll 8's) behave os follows, .

The emphasis of the current research is to provide insight
inte the decitivn process for improving the performance of
infor reation systems. Stage 3 is this decision process, 1 &
aided by inpu1 fram lour sources within 1he methedology,

These sources ures (u} 1he Srage 3 outputs, specifically the -

A2 idenlified 1o improve user and sysiem goal perform- .
apck, [h} sysiem behavior statistics from Slage 1, {c) the

. cwreat model, and () bistericul dala from prior iferaticas.

 abowld be emphaxized tha at this jusciure in the develop-
ment of the mecthedolopy no forma! heurislic procedures
kuve heen implemented. It is one of the purposes of this
resewrch, however, 1o invextigate the appreprialeness and
success of vardous heuristic decision rules. Rules of thumb

such as hose proposed by Buzen™ are passible avenues 1o
be inveshigatled,

AN EXAMPLE ~ . -

[n arder to wallkdite fhe procedures develwped Cin this | s

methodolopy and 1he laison belween Stuge 1 and Stage v 58 T

'Amh‘;iwlﬂaﬂfnwmh....-:mn .
pCCEvs r Ievomend L whery we T keam fronm both sgcoon ang Bldury
und where We criteria (o succtss wmd Taihore may vary stk ltﬂ. wr hl-ﬂ'
peevhonly kearned™ 1p. 153, Keleremcr ™).

- test quse win developed. This example was modeled I.uds.1
cucuttd in lPSS tn sitisfy-1he Stage -1 reqmrcmcnt:.

———
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*". TADLE kmLingr Gual Evilitation

ool Crvrr-Aghirrrmend Vnder- Achit-vemrm)
USER, i T
URER,; 0.0 LIR}
USER, .0 FLTE

Severnd ilenitions were upplicd, demonstrating the evalua-
tive cupabilitics of the meihodology. The fullowing is a
description of the prablem, 1the comresponding madel ond
ihe results of the first two ilermtions,

The exumple is o model of wn on-line document retrieval
system, There ire 1hree filex associaed wilh the syslem: an
athorflivie index {A/TY. & syslem document Wentificutien
file £10Y, and the documene file incll (DOCY. They ure
strucivnlly related such 1hal an eniry in the AT Gle poinis
to ope oF more #otries in 1he 1D fite und each 10 file entry
in tern is Dasociated with only one BOC eniry. _

The model s designed 50 thal & unique - aclivity is
associated wilh the accessing of each file; Activity 1 with
the AST file, Activity X with the 1D fike and Activity 3 wilh
the DOC hle. Each activity pedorms similar functions:
ebiaining and releusing devices, reading records, perform-
ing 0O techniqires, bul to different files.

1 is assumed 1hat the system supparls three uter clusses,
ench with a diTerent demand on the retrieval system und
cuch characierized by a different combination of activities,
The purpase of the first user class, USER,, iz 1o retrheve a
document for a particular nulkor, 1hus uilizing all three
activities. Those in the second user class, USER,. want o
delermine the exisience/nan-existence of an eniry in the
wystem for n given outhar, and therefore, need (o use only
Aclivity 1. The final user cluss, USER,, already has the
nlidfvess of the 1D eniry and wants to retrieve 1he associaled
COC eatry requiding only Activity 2 and Acrivily 3.

In order o complete the formulalion of ihe performance
evaluation problem for 1his methodotogy. assumpliens con-
ceming the performance of the system were made, A
summary of these xysumptions for the user goals and 8
consirainls and the pencllies associsted with the corre-
sponding discrepancies in pecordance (0 Lhe Fequirements
of formulatian [C] is shown below, -

G={ 1500, 1008, 400.0)
L={ 2 .2 2}

" He{ 30, 50, $.0)

-1=( 10, 1o, 1O

Pyt ={1000.0, 10.0, 1000.0)

P---{ I.ﬂ, 0.4, 0.4)

PytwPo wP,"=P."=( 10, 1.0, L0j
The model construcled in IPSS assumed a simple config-
uratian of oL processor and one bank of [BM 2114 type
direzt access devices. Under a given kauding (which is not a

Twrollable vurishle in this methodulopy) the resulting

performance siatistics, the values of maiss B, are thown
behow,

Q)= 0.0 QdH= 00 Qilk= 114
~S8=312  Squp=3nr Sil= WS .
‘RAD=3T.27 RAN=371  Ril)=I1023 )
TQUN=IZY QuN= 00 Q4N= 8% L .0
SAU=363  SM=) 5iNe B3
R =483 Ra4=32.1 Ry3)=101.4

. This performance informativn, coupled with the goal.”

assumplions, was input to Siape 2. The evaluntion of the .

cumeal corlipunition’s porfueMance with respect 1y the sl
of user™s goals ix shown in Tohle 1 11 indicotes that the

guils of wser chisagy 2 and 3 wore salisfied with a good - -
mrpin of shwk, (which v not penalited in this example)

while 1he paal of |he first user chiss was nog sanisfed (ovér-
achievemerl implying Ron-salisfactiond.

In Lhe second phase of Stape 2. the 8's are allowed to be
manipuluted until they satisly the user goal consirings and
best sullice the system puidefine constraints, The result is
the idenhfieution of (hese aclivitics whose performance can
be, and aced 10 be, improved with cespect to one or both of
the criterin, The values Tor the %% as culeulaled were

B=1.0 A=t AmIE
These are interpreted s indicating thal hath Actiwly I and

Aclivily T were sdequale to meet the user demands put 1o -

them. Activity 1. however, wat found tu be insulTicieol 10

satisfy the requirements of user clusses [ and 3, The -~

medificalion indicated is to reduce the present rile of usige
for Activity 3 by o1 leust 44, in order o sau:l'r the user

goals, in partbcular, 1he first paer ¢lass poal, "aa

The determinalion of whether (o ceuse the desipn boop by

aceepling this peformance or 10 continue by modifying Lhe

existing mode) is made in Siage 3. Given the stuted goalf '
penalty structure, j1 was gxsumed that the ovenachieve-
menl of USER, poal wus a1 an unaccoptable level und the -

desipn process must ¢ontinye i possible. By examining the: *

queueing and scrvice Lime stalistics for the flrat jieration,
one can eliminate some of the modification possibilities,
The resull of Stige 3 analysis was a decision 10 rephice the !
1OM 2314 1ype davice with a faster oo, i.e., an [BM 333{!
type device,

The origing! medel of (his caumple system was Jdynami-
cally altercd to reflecl this modilicatan, Under the same
loading as bofare, Lhe following performunce sbilistics were
accumulated. _ e

P
QD™ 00 QM= 04T QN="38 .
SiN=ILY  SAn=113  Syn=2t6 o
RAI=119  RAD=10L7  RU)=3i4 -5
QA= 38" Qdlm 0.0 QiN=100 K.,
SAN=ILL  Su=10 SO0 C Y
R(D=IES  RN=12,0 R N=0 %70l c

N v, 4

-
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Stage 2 unalyxis shawed Ihat now all three user class
goals were malishied {i.e,, not over-uchicved, The caleuls.
tion of ¥he A's, bowever, indicuted thal while Activitics |
and 2 were atil adequate {8, =8, 1.0}, Activity 3 now had
the possibility of excess cupucily (fyw4.0). Although a
slower und probahly less eapentive device for Activity 3
would be more appropriste, we had found in the firm
fleration that such o device wis tiol able to sathdy ull the
wser goals: Thercfure, in Muture itcrlions, Stige ) proce.
dures had to cxamine more :ubtle mibods of improving
performance.

CONCLUSION

Modern infermalion sysiems do rot exist o5 eatities unto

themselves, but must inleract with Iheir eaviroament, ix..
their wsers, The londing and mis of the osers effect the
pecformance of the syslem resources and Dkewise. the
service charncteristics of the sysiem resources effect the
aatisfaction of user goals, In order to desipn such wyslems,
one must safisfy a large &1 of users demanding a conflicting
s¢l of performance pousls white operuting within eMciency
ard minimum cost constmints, Thus, perfarmance evalua-
tion of infurmation sysiems is u multiple criteria problem.
Concurrcnty satisfying both of these se1s of criteria is the
poal of this methodolopy. Current pvailible techniques,
however, only uddiess one side of the protlem, either the
user or the system. The methodulepy described in this
paper establivhes o formal linison belween the evaluation of
user poctls wx o funciivn of system behavior and the pnalysis
of system resaurce peffuormance as o function, of user
demand. lhereby, facililaling multi-criteria evalualion.

The methodology s j1crabive, comprising three separaie
but inicgrated stupes. The firsl stage models snd eviluales
system hehavior. The parlicular techmique employed in the
firu siage is IPSS and it is uble to collect the necessary
sbitistic, Rfi). The sccomd stiype evaluailes ihe user based
crileria amd provides cvalualive insipht into pcrfurm.m:e
improvement, Solution of 1he MGP formulation in €]
produces a ael of #'a, lhe varibles of Stape 2 which
indicate inefTicieacics andfor exceswes in the current maodel,
And fnally, the third stupe heurstically determines the
current mosdel’s seceptabilily and necd for masdificalicns.

The evaliitive proceduncs devehoped fue 1his methodol-
gy huve been shown to be yvulkl in praclice, Furthermone,

this methodilogy provides an exccllent hnis for conlinued

ooscifch fnbw reas such oy -

@, invostipation into the cuusl rekiliunships hetween
user denvand and syslem wetiviey, o

b, sensilivily amilysis of These vebitionshipa,

€. investigsition into suwiliahle heurstics for Shipe Y cither
Iexling evisting heudbslics wr development of new
ancs, uad

d. develapment of hﬂln-uc.frmnhf'a.,.nlmn ndes 1o close
the denipn heep :nlu wh autumatic sclf-mudilying proe-
Cxs, .
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" In thls paper only centuln sspects of u powerful Datn Base

' Applications of SPARCOM data base cnncepts

to a crime combating environmcnt*

by RDN ASHANY

Thomai J. Wadsra B rarwirk r:'ﬂw
Yortsoun Hrights, Mew York

ABSTRACT

System called SPARCOM, mp refllected by some applica-
tlons In » erime-comballnd eavironmenl nry presented.
SPARCOM stunde for Sparss Assoeiative Relstlonal Cun-
nacifon Matria, 1t v 8 method 1hul wos devejuped for he
sralysh, intecpresation, orgunlzation, ¢lavel Meytion, update,
and structure of slored Jain gk well aw for the seorch nnyd
retrieval of infurmniiun from Jurge dain buse (LDB) sys-
tems. The upigue npproih of thiy sysicm is the converslon
of data [nlo barge sparse binary maldves 1hat enabley one to

, bpply sophisticuted spurke matns techniquen to perform

dain base operations, The eperalions nre performed on Lhe
inkirices as thouph |he enlire maink were present, bul great
amounis of alompe apuce nre swved, and execution time s
signifeanily reduced by the marmge ant manipulation of 1he
pongere values only. Additional reduciion In siorage re-
qulrements and In execulion lime in uchicved by SPAR.

+ COM'n ' [ntringie nurmnllention procens thai ultevistes the
gruve problem of duia redundancy, caused by mull- unh.u
aigributes.

"INTRODUCTION

Al the current staz-cf-the-an, Data Buse synienis wre syl)
krgely the resull of Ingenioun cospu) oad ohen bebated
atiention 1o hyman fc1or, usens' Aeede. ayalem confpura.
tlons and programming problems, The methodn uued in the
dovclopment and denlge of such syntems ape csentlulty
triak-nnd-error. No evldence n to be found in the technicat

trature, descrihing exintiing systems, 1o (ndicale thal the
nvglnpmnnl wis baxed on o nound n¢ientifle foundpiion or
op well estoblivhed enpincering dhelplines. Generully
speuking, no unifyiag concept, penerl theory, vr common

aystematfc approuch [n s yei evigenl la work {6 the fleld of

& Thin work tepreuils appirtions o wnier i epts, i el gaed b par of
i rewrwrch, foponind i The dinserbulon by K. Avkany, SPARCOM: A

wad Muprlr Asswiutive Redarhinal Apprnnd b Deausts Mhade Strmdws
g 28 Durg Redolevnd, submiciod W Uve Fucily of Ut Balylving: bty
o Bew York a paniiad (ulfilecer of Ihe requirementy fof 1he depree of
Bovior of Mailosaphy (Elecirieal Kaglnrering Jura 1V,

5

data hase sechautugy, One of 1he mujor contrtbuilng Riciarm” .

1o the haphizund spprsach b the Taek of disiinclion, Jurng
the develapment phases, between phydeal amd logival cun-
siderations,

Befare conlempluting the Jevelupment and denign of uny 0

ryetem. an approptiate conceptoul framew erk musd be
salablinhed. Tu undersgiend nnd communicule the coRcepix
of wiueh o Frgmewark certaln definltion must ke postulated,
Some of the definitlons nae previse und have beca exfab-
Huked wn elgarous mathematival foundations, olbers wre nfa
peneric nature und sl ohers have been eslablished 10
provide n common buxe of reference, In ihe new Meld of
distn buse Jevhavlogy, there b ho esidense of an exiviing
commonty hpreed numencialure, Many 1erms. lniraduced in
this puper arg new. oithers were wlepied fram different
MIUTCEN, '

BASIC CONCEPTS AND DEFINITIONS L

“ 1

The digital computer conpal deal uith phyni:nl uhjuﬂm! 2

optical imager, evenls or shsimet congents directly, A dota
midel of the physical world or of (he ubsiracl conceps
which can be easily maniputaied must be cons rueted firl.
The Date Model (OM) [ the Informatiun content of the
datn hane on H i vidwed by the uners, For exumple, a
Regutar Dula Orgunlzction (RINM In an oy form as
flustroied by the criminal file in Figure ), is an peepld
form of reprencriing duly therefore, it i u dutn moded,

A eofleetion of provessable dam from which un enterprse |
can derive Information is culled w Dute Buse, A poiie
depnament, & hospil, o court wf justive, u univensity, o
bunk or diny large-scale adminissrative, sclensific, wehnleal,
commercial or wther Iype of opeemilon is culled un Enter

prire. An ltem of inlerent 1 an enlerprise whoul which dura. -

gre recuorded of conputed iv gulled wn Eatire, -

In uny givea enterprive, thene muy enist diferenn 1y rncn ul
entllles, o eriminal, & detective, o bullets sighadure, o ear, o
firearm, o erdme, a porreil, & report, ek, I-n:fth-s ure
identified vl Iheir aliribules, An Apribure 0 speific,
cltass of infoemsilon uhaut an entily; eonch entity hun ol lu..".tll
ene oildbute, Recause of thelr wide and freguent um-.;e.
nuemher of aicriboges huvu been glven numes such bar Apm

11 "

-'uf"1l
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* {Crime Location)

Flgure In—3umple of regolr duto argunizstiun from » criminal Ma

Rabary, Crlur, Sen, Weight, cte, There Is a elear distinetlion
hetwewn the Antrihuee Moyate und Apgeibire Value, An enlity
mamed cor b an ultnbee named eohor, 1he vatue of 1he
siribute b ftee. The vrdered pair Altibule-Value is called
A Properiy,
uliributes is called wa EwmgiteaSer. 10 a0 anribute axsumes B
anigque viloe for each entity in an entily sct, i js called sn
Memtifving-Avribaie, An enlily may have severnl ideatily-
Ing nitribules; ¢.p.. Full Nume, Sociul Security Number,

Employee Number, Prisoner Number, ¢ic. The values of .

A cullgction of enliles deseribed by similar

SHU
FiD HAME CRIME ARM LOCATION®]| SEX EYES LANGUAGE o
1 | John Murder A Detroit Blue | English |
-2 Claude Rape B N.Y.C, M Grecn Engli#h'
Arm. Rob, ’ French °
. Gorman
3 | Robert Hijack D Houston M | Hazel| English
o : Gorman
4 Nancy Homicide A .Chicago r Blue English
Cerman
5 | Ingmar Rape. D Detroit M Blue | English
Murder b Russian
Swedisgh
6 | Roberto | Murder A Chicago M. | Black Enqllhh-
N Italian
: Spani’h
7 | Marcel Kidnap. ¢ H.Y.C. M Green :Prench
Hijack Garman
Spanish
] Johanna. | Drug Push} E L.A. fi Graan| English.
. Arm. Rob. Fraench
: L Spanish
9 | Jurgen | Kidnap. B | Detroit M | Blue | English:|.’
-l Homicida Gorman '
. Russian
10  Tom Drug Puash{ €. | L.A. M Hazel| English
Arm, Rob. : . French
: Swedish |

ldeniifying aHrihutu ore rnllm.l Mrnw:m Atiributes .
whase vulues cun be colculated ure calhsl Virtwal Anek
hurrs, such ax Ape, subtmcling frum the current yeor, tht 2

. yeir of birth 1he spe valae s determined. Ll I

In ibe repulr data wrpganization of 1he ¢rimipal, ﬂc“'

iflusirated in Figure 1. esch row in the amiy beloags ta o’
:pcuﬁc cnlity, £,.Ep .+ . L. Each column Welongs to a
specilic’ u{lnhulc. ApAgs oo Ay EBuach climem of he
army i3 assoviated with a :pctlﬁc cntily E, and a specillc
nitribute A, ung represents a spocific vitlue Vy selegred I'[um\

" 4,

=
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4 I'imlc xcl of v,llucs periaining 1o atlbute A, The se1 of
values pertaining 1o auribule A, is calted the Domain D,
The domain of atiribule scx cuntzins only two clements
(M.F1; the demain of anntule cycs {meaning cye color}
cuntains five clements (black, blue, brown, green. hazell
the damain of aitrbule langwage is much larger it conaing
afl lanpuages spoken in the wedd, A distinction should be
made belween single-value ateibures and mubti-value ablsi-
butes. An cblity cun possess caly one element from the
domain of o sirgle-robiee altabuie, bul il con possess one or
muore elements from the domain of o mafrl-relue albribuag,
Sean and eyes pre single-value anribgtesy lungunge is a
motti-valve attibute, The multi-value altihules cagse sin-
oua prablems in some exisdng approaches for seurching and
retrieving data'=? bul, they eause no prublem whalsoever in

" . SPARCOM.

The ordercd Lriple (E.4, Vy represents an elenstany
- data form which i3 the minimum amount of data required
fov meaningful information. The wdered pair {4,, V) rep-
reseats the properly Fy. Conscquenily. the ordered pair
(EF,) represents an clementary dala jtem, Let's itfustrie
the meaniag of the minimum amount of dota required for

menninglul nformation: the entity Juhn by Qiself does not .

represent mcanisgful infermation, \he propeny Eyes Dluc
daes nof reprosent by itsell meaninglul informatien, but the
tripte Iohn Ejes Blue is menntngful and precise. It is an
clementary daty ilem. The elementary data jtem 1£.A4L V)
is also known as the Arom of information because it cannat
be further decomposed without losing ifs message.

MULTI-DIMENSIONAL ATTRIBUTE-SPACE MODEL

An entity can be represenied as & pomt in a mulu-
dimensional Euclidean space by a vector. The six-tuple
Edlohn, 21,510,180, M _Blue) is a wector ropresenting &
paint io a six-dimensional space and 11 can be inierprcied a3
& perion possessing the properties Name-John, Age-23,
Heighi-5°10%, Weighi- 180, Sex-M. Eyes-Color-Rlue.

* The notions of point, line. and plane from the [amiliar

three-dimensional space may be generalized to higher di- -

mensional spuces, and exiended geometric inrerpretalions
of algebraic relativnships may be piven. Starung with &
threc-dimenyional space, an calily set consisliing of "

entitics can be eavisioned as a sct of points with corm-
sponding ¢oordinaics described by a et of ordered triples
AV, Vo Vo) where i=1.2, (. . .1 The values V. Va Vo,
me selocied from the respeciive domains of anribuges

Ay Ay For example, the atiribuics Ape, Height, Weight -

wan represent the respective onthogonal axes A, If, ¥, The
frit octand of the spuce 15 bounaded by the three oribugunal

plancs: Ape-Height, Ape-Weight: and Height-Weipht or

Al AW, HW, respectively, The trples
Eo0.0,0% £,11,0,0); £,00,).0); £,(0.0,1)

sepresent the Ospin and Linli points, respectively, To
sepresent the oforementioned propertics of the first Toar
nnl’:u from a tpecific 1e¢t, the folluwing four triples are

needed:

EA2V.5.10,80): LS5 170);
Ef17.6.00,2100 £ £19.5.04.130)

Fach 1zphe represcnts 3 vector Trom the odigin 10 a specific
puinl in space, Each poim can be progcied onoany of the
three vrthogonal phines. The J-tuples

E43%.5.10,0); £,022,0.1801; £ 40.5.10, (R0)

rr:prc.wr;t the projertien of the first puint on the A, AlY,
and HW planex, roepectively, They abwy regeesent the
projecticen of any. peinls that mzy be found along the
respeclive perpendicular lines through the points of projec-
tion. Clearty, any eatily with properties Ape 23 and Height
5'10° regardliexs of ix Weight will be projecied on 1he same
poinl on the AN plane, the dicussion is similar for. the
ather planes. Much in the sarme maaner Ihe tuples -

E|(23.0,05: £,(0.5.10.0% £,0.0.130) . .

represent Lhe projechion of the first poinl on the A, M. and
W axes. respeclively, They mlvo repiesent the projection of
any poinls that may be'fourd on the respective planes (hal
are perpendicytar lo dhe respoctive axes and intersect them
ot the poists of projection. Actualty. the trple £,(0.0.1881
represenls a planc purallel to the AH plane [pemendicular
1o 1he ¥ axis) and imtersecting the W axis ar 180, The triple
E,{23.0,180) repeescnts a fine paradlel we Yhe  axis (perpen-
dicular 10 the AW plan¢) and intensceling the AW plane at
the point {23,180 )

QUERIES AND SEARCHING HYPERPLANES

Fallowing the same ling of reasoning. il may be said that

in a three-dimensional space, a Fuple UV, V,. V) can be

interpreied as a (fwery {an intetrogalion, a quéestion) ad-

dressed 1o the data model, The request of the query is 10

search all entilics represenicd by the points thal coincide
with |he powi specificd by the coordinates of the query
Vector . This is defined as the Searching Point Query.
Each of the I-tuples (K0.¥.¥,): QiV.0.Vih O(V,.V,0
represents 8 query veclor thal roquests the search of all
entities ropresented by the points 1hat heir projections
have 1he cogrdinales 1V, Vo); LV, Vol AV Vdonthe Mho:-
onhul planes.

Obviously. in the muki-dimensional Euclidean space, ihe.

enlities 2nd queries are represeaied by ordered Notuples.
The five tuple V.V ViV V) represents a starching

point query in a five dimensivnal altsbute space, The tuples”

VL VLUV and Ql'r'..ﬂ.lr’,.ﬂ.'l"] represent seurching
lines aad searching plane queries, respectively, while the
tuples PUV,.0.V,.0.00 and ¢0,V,.0.0.0) represent 3-Mlal .md
d-llal Svarcling Hyperplane queries respeciively.

From 1hix discusgion, ij should be abvious Thal the search
is based on the conieat of the entities, rather than on their
addresses, and hat the entilies 1hal qualily are determined
by Ihe assoculion that exists briween the propertics
cenlained by 1he emitics and those specificd by 1he queries.

Ll
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The query veclors mosl have the s:;mc dimensionalily as
the cality veclors searcked by Ihem. A pollecuon of £ query
vectors is called a (Jwery Ser and is eeprosenied by an §xa
{heery Matrle, Query Complesity Degree QDY i defined
as Lhe number of non-gero clements specified ia the query
veclor, The QCD should nop be confused wilh the Begness
Comploity Depree (RCD) which is determined by the 1ype
and aumber of properlics, operalors and operatlons re-
quired 10 get & complete responase. The RCD will he defined
in #nother seclion when the meaning of Lype of operatars
and type of vpentions will be better ondersiood, To
Mlustraze 1the meaning of UD: the entity scl delined by 1he
utirihvtes, Age: Heighl; Weighl @5 inferrogated by the
follawing three requesla:

2421.0.—Tdentily oll criminals of nge 21.

7,35.5.1 I":U}-—ldcmf}' ull eriminuds of age 35 AND Height
511,

(437,601 2100—Tdentily ali criminals of age 27 AND
Height 8.0 AND Weight 210. ' .

Qi a simple gery QD1 prul it requires the search of
enly one domain.

£} it n compley query (3CDwm} and i1 requires the search
of two domiins, retrieving (wo subsets und reirieving the
subse! thal resulls from the dnsersecsion of the previously
retiieved two subsels.

2y is a complex guory QD =3, the same as for (. but
with three domiiins,

If the requerst is o identify all criminads of age 21, aad

reirieve the names of alf cominals who live in the same’

cllics as those of The ideatificd crnminals, and speak Span-
isk. the request indecd siaris with o simple query over pog
damain. bul. imbedded in the request are complex querics
thal require Lhe search of udditional eatily sets over differ-
cnl domains: ohvivusly. the BCD should reflect the necea-
sIFY inlemctions.

Another type of qucry krown by k& namk of Ruage
Cheere specifies o range of values gver a demain rather than
onc specific value. For caample, the requént 1o identify alt
criminuls between the age of 2] und 24, when the ope is o
discrere type annbule with a demain of posilive inleger
numhers in increfments of one year, the query has an
QOO =4, hecayse in this DM, the nequest has to be formu-
lated as “idertifly all criminals of nge 21 O/ 20/ 23 OR
347 1n thix data model, if there is a number £ of 2R« in the
roguest, whal apptars Lo be one Query bas sctunlly 10 be

split into g=(rt 1) gueties. The four J-tuples r:pﬂ:!r:nlm:
. the abgve mentioned reguest are
P .

(210,00 022,0,00: {2 £23,0,0); O 424.0.00

and four suhsels representing the poists found on Lhe Four
parallcl plines will be relfieved, The subsel oblained by 1he
gevii 3F the retrieved subsels will sepresesd The requesied
amswer.

A similar siluativn will oveur when the reguest deals with
o mydri-rafee atcbule. Fir cagmple, Ssswwnung that the
entity sl helungs to a 4.1 ifour-dimensional) - atiribules
apace, and the roquest 35 1o Wentify all enminals who speak

Englmh AND Fr:nr:h ihe query will have 1o be 1plit mlo
two 4-{uples

{2 40.0.0,E nglish) .lm.‘l g,m 0.0, French)

[

but the suhset representing the resull will be obtained I:rr-:_l

the interscetion of 1he two Subsets,
It is "to be emphasized that Lhe AND operators as
opposed 10 1the OF aperators do not require the splidling of
the query extept when a mishi-vilue nitnbule is involved, .
The request 1o identify alt criminalys who are males AND
have hlue cyes AND speak English AND Gesrman ad.
dressed o a 3-D eptity set will be satisfied by splitling 1he.
query into 1wo 3tuplar ie.. O4M.Blue,Englishy and
O AM, Bluc.German], The eplit is caused by the AND of the
multi-value atiribute and The answer is cbtained by Ihc
intersection of the 1wo respective subsety,

SEARCH DIFFICULTIES IN THE RDO MODEL

In the RDOD model where numeric and niphanumerc
values uppear in the same amay it B very difficu’t-1e
perfarm a search simply by comparing the correspanding
elements of the entity veclors and query veclors. The
search process cun be greatly facilitated by ercoding all
alphanumenic values into pure numeric values. For exam-
ple. the values of the crime atinbute ¢an be encoded 3o that
Murder = [, Rupe = 2, Homicide = 3, nrd 30 on; rthe
values of 1he eyca-color utiribule ckn be encoded so 1hat
Black=1t, Blue=%, Drown=}, Creeti=4, and io the saime
manner for alt attribules wilh alphanumerle values,

" Assume that each entity amd each query, represented by

nrumeric vecters only, are siructured inte an ATxp matnz

called £ aind inte an ¢ X a4 malnix called Q, respectively, and
Lhal The A auribules are single-volue atiributes only..To '

perform a scarch becomes a mple Insk, 1t requires deters'™”

mining whelher the number of idenlical elements, when .

comparing corresponding elemenis of on enlily vector and s

query vector, is equal 10 the pumber of non-zero elemenn
specificd in Jhe query vectur. I the aneower ir posftive, it
indicates Lhat The respective entity is represented by o point
found o the searching hy perplane. Algebraically, if £=[ey]
and O=[ey,] are the two malrices, and deaoting 1he compar-
ison of Wentical elements (ry~rd=l and pos-wentical

T elements (e, v, =i, the nbove r:undum is met if and only -

— -

it (it

= I O e and

E lra=g =iy ""h':": ty=s=2, and fy5in

anma R |

2z, heing the talal number of zere elemeris specificd ia the & ©
* QueEry veclor,

- The total search process ¢an therclore be perf ormed hy & &

‘\r I-..‘

Grwtrrpdized rer Prodact (GIP) hetween matrices £ and®’ .

_ Q. The GIP permits the use uf any dyadic pperatar belween’ -'

carrgspending clements of iwo motrices where the only
necesary cundition is, a8 wsuull that 1he Lwe matrices musl
be confirmuble (the number of columns of the lelt malria
muxl be equal 10 the aumher of rows of The npght matrix).
Two umeng many ncccpiable GIP foems (in the APL
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langudge) ore:
' A+ XBanld A+ =8

The firsd form 5 the known matnx prodoct, the Jast foem i
the vne used o perform Jhe scarch described ahove.

By “'posl-mubiplying™ {using the GIP+.=} the cntity
malrix E by the transpase of the query matriy ¢ 4 fesponse
mairix & of mx¢ dimensions is obtained, Denoling by OF
the transpake of (3

R+ =(F ’“‘121 wry™ga) ond Fusi,

where J=12.....m f=l2 . ..0 k=wtd . .f. The
paim representing entity £ is found an the searching hyper-
plane defined by query vector & T rg=1,. Clearly, each
column of the B mulrix contains Lhe answer 10 Ihe respecs
live £ queries. M ry<s the indication ic thal catity ¢ has
anly r, fdenlical propenies with those spevified o the
query veclor k. According t¢ the vser's needs cniitics tan
be retrieved for any T '-"'ilu:

MULTI-DIMENSIONAL PROPERTY-SPACE MODEL

To ilJusirple the sirengih of 1he model developed nnd
described in this seclion, a specific case musi be analyzed
first. In the sechion thal describes queries and searching
hyperplanes in the RDO model. the Range Query was
discussed. This Is one 1ype of query thal is masi frequently
used in searchiap criminal files, A wilness may describe a
criminal in the following rerms: Age between 1B 10 M,

"Height betweea 5.07 10 5,11, Weight between 170 e 190,
Male, Caucasiun, The ranges specified for the Ape, Heipht
and Weight attribuics indicale thal there is a cenain Degree
of Uacertaingy (DOU). Assume that age is stored in incre-
manls of one year, the heipht in increments of one inch and
the weight in inCremenlts of 10 {bs.. and 1he DOU for each
attribule is defingd as the number of nonzere valves within
1he respecrive specificd ranges prmiy ane. (The minus one
comes 10 indicate that at least one value has 1o be always
specified. ) .

In the given example, the BPOUs are 6, 4 and 1, respec-
tively, As expfained previocasty, ecach range cavses the
query o be
QCD=F+3+3=|5; 1heoretically, at Icast 15 gueries are
aceded to retrieve the sel of criminads thal qualify, The
following process has 10 oo invoked: (1) Sineciuring a 5D
suhschema of alifdbuies Ape, Height, Weighi, Sex, Race:
{2) Formuluting three S-tuples (0.0.170.M,Cauc.) 00,

1E0, M, Cauc ) (Q.0.190.M ., Cuuc. ) 13) Retricwing a subset of .

eniilics obtained from lhe uaion of the three previoualy

reuicved subsels; (4) Searching the retrieved subsel by five

Jiuples of the form {0.V.0.0.00 where V507,
508, ... 5.00; i3) Retrieving a subset of ontities, abruined

from the wnion of the five previously retrieved subscis; (6)

Bearching 1he List reiricved subscl by seven S-luples of the

fonn (V.0,0.0,0) where Vw1819, ., ., 4 {7) Obuining
the subket of cnlitics thal represent the answer, from the
wnidn of the seven previousty resieved subsen,

split. In this porticular case, the query has a

-

The same reaoll can be obiained by formulaling 105 5
wples gueries [p=7x3x3a105) ul the form (V). V. VM,
Ciuc.} obtiined fiom the Curesian produot ¥ Xy,
where ¥V [10.09.. . . 4}

answet §s phtiined fram the union of the 105 prﬂiuus.ly
retrieved subseis.

Dpite Lthe use af wmp-ulcr: where the wnioh. inlersee-
tion pad all wiher aperaions can b casily performed on
large number of scts, ihe appnhoach just described for
handling ufe request appesn to be 1o complicated, more
so when many ximilur reguwests have 10 be salisficd over a
shord period of lime. The solutisn 1o 1his problem, 1o
problems previsaaly described ond 1o sdditiona] stringem
requifements is found in the multi-dimensional property-
space model, represented by the extended binary vectors
andd the binary coanuchion malrices,

THE BINARY CONNECTION MATRIX

An a0 atiribule-space contining A,y o - WA BEH-
butes, wilh  their domains  of  distingt
D0, . .8, of castimlily .. .. . respectively,
ean be trunsformed into an A-dimensonal propery space
where N=X1_ J) represents the number of dinlinct proper-
tigs Pyl . WPy necessary lo map any poial from the n-B
attribute-space. into the N.D propeaty-space. Obviousty ¥
i larger than #, ond 1o represcnt & point in A multh
dimensional Euclideun space réquires many more coordi-
nele axei, lhus larger veclors. [n the property space,
however, only two distinc? poinfs £xitd on cach axis: zero

end ome, and each coordinate axis represents a specific

properly.

An entity 1hat is described ja the attribule-space by' s
sinplc-value atiributes: ie.. by an a-tuple, is deserided in

the propery space by a hindary N-luple with a ene valucs
ond AM-n zere values. The one values ore inserted in the
pesilions represcnling the appliable propeties. Since the
candinal number of altrityle Se¢a is two {M,F) and the
cardinal  rumber  of  auribute  Eyescolor B five
{Black ,Blve, Arown. Green.Hizel) the enlity with proportics

(M.Bluc): y.c., Sex-M and Eyes-Blue i represenied by the

T-tuple £41.0,0,1.0,0.0). The 2.quple & trunsformed inlg a 7-
luple with few nenzero clemenls, and IF the tingle value
mitributes waulyd hawe respective cardinal aumbers, tay.
=10 and of ;= 2 the 2-1uple from the atirbute-space would
be tmnsfurmed into o 22-juple in the property-pace. again
a binary vector with fwor poaizero values but 30 2ero values.

¥,={$.07.5.08.. . . 5.1} and
Vo= {70 180,190}, The final subset thal repeescnin the .

clements

These veclors of the propeny-pace ore talled Ecrended

Jinary Vertors (EBY) and Lthey are usually very rpiarse,

A scl of ar entities wili b described by a mx N hinary
matrix called the Birery Cuonnecrion Afatriy {BCM). he-
cause its nonzero elements iadicate the connection thal
exisis between cath eniity und itz respeclive applicahle
propertics, it is more specifically called 1he Binury Propery
Marrit |BPM). One important fcature of EDY is that single-
value attributes and multi-value attibules are represenied
by one and The same vector solving the serious nafundancy
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problem dencribed previously, The 60 nttribule-apoce (tha
name-pitnbule is conaldercd m unique Klearifiéry of the
erimin:d file from Fipure 1, is irnnformed lato 13D prop-
crysspace un fBusimied in Figure 2. The comespanding
LEM i dMusisned fn Figure X, Obwioualy, in thin maurds
numeric and alphadnumeric volues nre represenied |n the
same manner, there in ne need for special encoding as in
the RDO mode! aince the nongero bit position implics the
value, '

The maids is very spane ond this {4 anether ad vantnge
becauxe the applicution of sephisticsled sparse matrda teche
aiyues nel only provides the enpakilily 10 save In sornge
reguiremenis {only the nonsery elerments are siured) but &
praovides the meant Lo perform very efficient operations on
the matrices (only the nunzero ¢lements are operaled on) w
indlcated in References & through 7, '

Among ather advontages the binary malrikes enable ane to
ung Bendean Alpchen nlporithme to solve data base prob-
kema {see References 8 and 91, 10 eliminatc the difflealiien
of the mage-query. to guiber stullsticul data, to delermine

the relatlonahlps nmong oll entlly pairs ond oll property
* palrd, 10 assure privacy and security and many mors. "
Just bouking at Ihe binery matrin of Figure 2, one can
scon the rows and see 1he zpplicuble propertles of ench and, -
every cnllly, but sconning the columns ensbies one to
determine all entitics that have n apecific peoperty, This is
the mast important feature of the filly lnverted files, where
for cunch and every property, s list of enlilies possesting the ",
prupeety i malniuined, Therefore, the BCM in (he prop-- .,
erty-apace represents both a direet fMile and a fully inverted
filc n? 1he 3ame time, which is & very significant lcalure, fo
be fully Luken ndvaninge of in thls Investigation.

" SEARCHING THE PROPERTY-SPACE

The search ia this model is performed much in the same
manner 'ny the search In the agributesspnce model, The
Query vector must have the same dimenxionallty as the
entity vector, il ndicates Lhe coordinates of the projectian

Fpary 2—The Maary propety sustniy uf the RDO somple . ce
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Frgure 3~ The hm.ln' peopcry maida (compast furm)

poink, on the hyperplane deflined by {is nonzere values. |hat
all #ntity points must kave 1 order to qualily. Denoling 1he
mxM cntity mairix by £ and Lhe ¢ XA query matria by Q.
the scarch process is performed npgain by a penerulized
Inner preduct (GIP) Belweer the Ew=|e,] mars and the
transpose of the O=[¢u] mairix mamed @', By post multi-
plying £ by O the mx{ recponse matrix Kw[re] is ob-
telned, This time, however, a regelar matsix multiplication
Is performed, becuuse Lhe scarch crilerion requires deler
mining the number of corfespunding munzers elemenix
between the enlity veclor and the query veclor fi.e.. the
rumber of identical properties specificd in the two veclors)
and, far binary vecion

cpmgy™1 ifl ey = and g,=1;
for olher cases ¢ =q,,=0
R=E+ x(F
tu™ 2 fu%qa
F)

where raﬂ.",
™ E Qo

J=~1

The number of nanzero values specified in o vector fs called

the weight of the vector, the weight of veclor 7, is r,. The | .

mairices ia Figure 4 illusirate Ihe searching process.

The Negation Query is another ¢fMiciznt form of file
searching, Rather than specifyiog in the query the proper-
ligs thal an enlity must have, the ene values in the query
indicate the properties that the enlities must aor huve. For
example, the hi_im'kcr does nol speak English, French and
German. By post ““multiplying™ E by { u;mg a GIP form

1 RmE+ <OF which is

- ¥
Ta™ 2 (Eu<qu) Fusty =3 g
=l =1 -

The Range Query. Lot atidhute Ape have sy disting
values; 2031, . .25 and auribute Welght. four disting
watoes:  [60.170.180.%0. In the properiy-space the
Ape,Weight atiribuies for wn entilies are pepresented by m

10D hinary veclors reprosciiing s respective propony
positians,

J22.3.74.38.160, 170,120, 1900 '
LoD 0 1. @ 0 -

L, ,0. 0, 1, I, 1)

The £, cntily vectoy reprewnts a ciiminal of Ape-22 and -
Weighe 170, zll taber (m— 1) entity veqiors have fe aan-
toro values ol JifTerent positons, The ), guery vecuw
represenls (he runge query for the identificalion of all
eriminals of ape berween 21 te 24 and weight 170 10 190, By
post mutliplying the a¢x 19 catity mairs by the triaspose of
the @, query vector. an X | R, reiponse vector is ob-
wined, The chements K. /=12 ...m of 1he rexponte
vector have wvalues uel' D 1, wr Clcarl:.r oaly chlilcs
assoctiied with A, =2 qualify, 1hut 8, =2 is obvipus. As
scen in fhis punin.:ular case. The weight of the query veclor
i3 £, =7 und r,=2, the catrse is selfexplanalory. ]

Thus, 1his is the simple and eegunt solution 10 the
somplicmed range-query problem postulated o1 1he begine
ning of a former section. Inatead of 15 queries and the

necessary wi-operaffons, of insteat of the 105 queries with
their sel-operation, one ynd only one query vector with &
weighl £, w7 will produce o newponse vector with elements
ru®3, and all the crliiex with =5 will quatify. This is
ilustrated in Figure 3, where & number of mng:-qu:nu
searched simultancously the enfity sel.

The OR-Query. In the RDO model the OR opcTator
Always causes a split of Lhe query, in the BPM modet it

1 0w
1nuunan1uunnnioncaluncinuiﬂﬂuoun'
Dﬁnnlouuuuzﬂnuluuc1uuuu01;o1ﬂnﬂu
10010000C01CG1COCCI0002001C00L1012
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CIL I8 A FUNCTION THAT IDBITIFIES DITIITES THAY QUALIFY FROR THE RIBFONEE NATRIX
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Fipure SA-—Search by ranpe queries

deperds on the form of the reguest. Te jdemily afl criminals
of ape 17, height 5107 and blue or preen or hazel eyes
sequires the hwrmelation of vne query veelor. of weight
=5 1he eatities that gualify have ap ro=3. The sume
reyuenl, unty dhis lime Tur eriminaks of age 37 or 28 ve 29,
will require agnin one guery of Ihe same dimensiomality
willy i fy =7 and r =3, Aciuafly, these (IR quedics are range
queries. But, if 1he reguest ix age I7, height 5'10° und blue
W oprecn Lyh we age 38, heipht 107 and green or hazed
Joyes, of ape M hoipht 3107 and Bue or hazel cyes, three
u*;-:urﬂt guories are roguined,

e noting uitrshutes Age, Heighl and Eyey Color hjr A H
und €, respectively, and using switching theary astation,
the Three feguoests cin he formulated as

Y AAC, 0, +0) ]
= AN C A AN A C ) trples
131 1A+ A+ AJHUC, + 0+ 0
A Oy o+ A C Y Lriples
08 A AC, OO+ AR C F O AAC,+ C)
= A C AT, + o+ A6 1riples

Ohvisusly, »ll ¢nlithes chal can b projected in sny of the
ibree points specificd by dhe 1ripdes of the Jirst reguest will
yualify for the Ninst. seeond apd thind reguest, sfl 1he
entilivs Thit eim b prosjected i oany of the xin points
spwecifivd by 1he thied reguest will gualify Toe the secoad and

_thind reguests but net all entities thal quatify for the second |

sequest will qualify for the first and third requests. In the | -
property-space, m entities can be represenied by a.sub-

schema thal containg all the propenies specified in the three
requests hy m, 7-D binary vectors represcating the respec: .
live propeny posilions sssocialed with ench entity. Each
und every entity can have a manimum of three nonzero
values, beiuse Ape, H:lg!ﬂ and Eyes Cokor are l.tng]t-
vitfie atiributes,

PLA A AL CLEC
ﬂmiihiiﬁ ,
{_JJL n. n. I‘ I.. I-. l ' k
0 [ T PR R R PO | I

-~ r.;,’u.? L LLLo
oo tuhal

M is apparenl. bowever, that while the (3, quay vector -
definex the three necessary triphea und the £}y guery vectur
defines the nine mevessary wiples, to define the sia neces.

L owary IAples for ihe thind reguest three scp;tratc qucn.::*-

£567 and (4 hove to be formubted. This s n:qlun:d i
order to exelude 1he three underscorad Laiples from the m'nc

-

T
AJHLCATWCEA NG, R
Air.i'lf,:.-l,r.f.(‘,:.i,ﬂ'.('. B
" A ClA N C A,

i-sun.\ihlc triples. The response o the 1hind request is ob-
Inined by laking the wnfon of the Lhree subscls retricved by
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;.05 und (7. Ohseeve that entily £, that posweses the
projection A Co qualifies for the ficst aml sccond re.
quests but docs not gualify fur the thind, Enformally. it may
e ruted 1hat the number of separute querics Lo he fuemu-
knied I3 equal 1o the rumber of members in e lefi-hand
side of the equation,

HUMAN-FACE lDliNTlFICﬁTIU_'N

Human-face feures of o Birge pupulation can he stored
In a computer, The problem is bow 1o structuee the diti s
that an efficiem seurch can be pofurmaed e identify on
individ il when u number of features i specified. or how -

THE IDMTIFI IRC FROM RELO ARE USID IN THE FOLLOWING TADL IS

Vi
ID AGE HEICHT WEICHT S EX
™

IDCLT: JAGCLI; Y HECLT; I WEGLT: I SEXELIs )

JeR BO{1:1 ]

- M

Vi TABLE Tt
ID AGE WEIGHT WEICHT §H
9 18 5,11 190

V10

ID NAME AG & REICHT WEIGHT SEX RACE

T10

TPCLT; Y NAMGLY; 2 AGEIY; 1HECLT: ) wa';III_; 3SEXC(I; YRACEAT; )

I«RE0E2:151

V10 TABL E T10

.ID NAME AGE HEIGHT
2 CLAUDE 35 5.11
" 12  HMARX 2y . 5, 0B
17 RUDY 25 §.03
23 CIIRALD - 32 5. 06
27 DORALD . 26 6.01

J«RBO[3:12] .

Vio TABL E 710

Ip NAME AGE REIGHT

! N HARCY 19~ 504
20 JULIA 2% 5,05

TeR E10[ 5,13
¥i10 YARE E 710

ID HAME ACE KEIGHT
4 NANCY 19 5. 04
o 20 JULIA 24 508
23 CIRALD = 32 5 06

Figury JB—Buotripval wiicr vang e query srarch ¥

-"

WEICH? §EX RACE
170 ¥ CAUCASIAN
15 o4 PASTAN
210 B CAUCASIAN
160 ¥ CAUCASIAN | ,
220  H EURASIAR. - -

WVETCHY SEX RACE . = — —°
130 P CAUCASIAN o .
140 P CAUCASIAN .

WETGHT SEX  RACE
130. " F CAUCASIAN -
140°  F. CAUCASIAN -« =~ : :

160 . H CAUCASIAN

i



v

5ns " Nationat Camputer Conference, 1977

‘ classify individuals in dislinct c!mu’i ax & function of 1heir crminal. or & pumber of criminals, with different DOUs,
fentures. A few rescarchers have investipired the prob- the proceas of inicrrogating the entity sctwflh many queries
lem. T It appears, however, that more ¢fficlent melhods cancurrenily, called o paralicl tc:n:h: provides the capabil- .

. ure necded Ly oblzin u quick aaswer. caperially when many ity 1o check a number of ahematives, as illustrated in

difercnt doscrptions ane (o be cunsidered simullancously. Figure 3, _ o

Siruciurng 1he diiy in a binsry propeny-matria form, n Distinetive fearures are emily discovered in this model by
tlusiraled in Figure b, aad Flpure 7. provides the means for caleytating o figure of merit called the Doprer of Dirtincifon :
fuxt Wentificmion and choxification, The whies are self {DOD). Assume that on #txN mairix £=[r,] coniains the

e plnnainry. the atifhotes cun be permuled n any order so duta of m human feces, some of lhe N fealures wre

that muany Jifferenl sub-xchemas can he Jerived. If & masociated wilh fewer faces than others, 1bese are the more

witness describes » criminal 1hat heul hin Face covered from disiinclive features, The DOD for gach ard every property
the nuse down, only the hadr. eyebrows, eyes, forchend nnd can be caleutaled by dividing the column veclor weights of
eurs 4re necded in the sub-sehema, A wilness may describe the £ matrin by #t,

a griminal withoul bheing uble to assign a specific value 10 r= .

each and every feature: in olher worda, featurcs may be _ DODU}-;E ty

dencribed wilh differenl deprees of uncertniny (DOU). For e
eaample. deseribing the nose, Lhe wilnexn may say that he The lower DODLA valoes indicate the most dlstinctive

is not sure if the nose-lengih should he fonsidered as short propertics Py which are very important indicators in deter-
or medium and if the prafile is concave, steight, or miring the fealures ty be described in 2 query to get the
somewhere inbetween. In this particular case. these atirie moal pertineni antwer, . . }
hutes will be covered by a risagesgiery of 1he form (1.0.1.- The human face file contains # single-value atiribules
Q.0.1.1.1.0.0} {eyes-opening. cyes-separntion, cyes-color are three dis-
The strengih of the melhod is not resivicted 1o the linc1 attzibules) and considering that the row vector weights
capability of applying ranpe-guefies 1o each mnd every | of an s-andbute enity set b XS, #y=n, the deprec of
anpbute 3t vace. 5o o» o overcomme the unceriainty probs unceriainly reflected by cach gquery veclor of a Q=[q,,)
fem. Assume thal several wilnessea describe the same query matrix thid interrogates the £=[e ] entity matsix can
FGESIEAD ] CIEEXS CIIN HOUTH NOSE “EARS |
i - LProlil Hideh - Lip* |Length Profile | T3 Lengkh rrotusior]
gL e | T 0] A1 114z '
=18 e 1R IR IRl 0 (A S lalndsld [ | 1d g0,
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be delermined nn fullows ‘ .
N
DOVR}= T g~ VIE) where Vid)sa
a=

The Vik) value is determined by the number of aitributes
covered hy query (4 The twn defined coefTicienis DOD
und DOL can e enleulined in many wuys as illusicited n
Figure X, but they are readily obldined from ."iirruilun':,'pI

Mitricen,

The Ewtlty Shmifdry Musrly IES) is 0 symmetrle mxm
mutrix uhlidned by post-mubiplying Lhe entily matrix E by
ltn trsinnpone

ES=E+. xETu|r, ]x|e,] r1, -;:T" ¢utn

y where i) 2, L. g k=l 2. .. .

The (1 ith element of ES represetis the number of common
prupertivn pussessed by the pair of eatliies £, and £, When
i=j the ctements (L7 of ES ure the elements of the main
disgonal, cich clement represenling 1he nuinher of proper-
liex specifled in englty £, which is 1he weiphl of vector E,.
The i g1 elementy mdir.:utc 'll'lt degprer of simitarily between
cntilics E, und &,

The Propeeiy Nisdlariey Ml (PS) in obtoined by pﬂ-'-
multiplying the £ matrix by it transpase E7, it Iy pn Nx iV
symmeiniv mainix PSwET+ x k. The (7 jith clement of PS
represenls the number of entilies thal poxkesk the proper-
tivm P, ened P, The (Lilth clement of 1he maln diigons
represents the numbwer of enlithes wasocialed wilh property
P, Dividing 1the .4 elemenis by e the DO is ohilained.

The Query Somilurlty Moseic 1QS) is ubtiined by pastimul-
liplying the guery mutrix @ by its Inmspose (7, iF @2 s un §
XN matrik, Q5 oo symmetrc (%6 matrda, The VJkh
clement of QS reproents The pumber of commoen properties
speeified In yueries (0, and Oy The Wb elemem of the
muiin dinganil represenis the number of properties apecified
in query ¢}, thix sumber was Jefiaed, previously, od Lhe
query vamplexity dégree QUD. Subtracting from the ele-
ment of the muin dingonal the Vif} valug, which represents
1he aumber of attributes covered hy query . 1he DOLA is
whiained,

The V1A vl is gallod 1he Coverine Cocfficienr of query
4 und i stated previously ViHs s, I there and o attdbaies
it in known that M=Xr, o, i 1he dimendumlity of (he
query veglar in The propefy-ypace. (ne oon, however,

- spwify in 3 Yuery veetw af dimensionafity &, properiies

pertzining 1o & domains (dswk; Le., the query cvvers unly &
alteibutes, therefore ViD=,

The Cheery-Prope ety Shmilarity Morelc (QPS) is an Nx ¥
symmtr ol abtiingd by pre-nwlliplying the (2 matrix -

by its Prunsposy (_F The 11,0 clement of QPS imdicatey the
number of quernies in mitrds 2 in which properiies 2, dad P,
are specificd, this s o Maie-Unoge-Fregreaey Dulicetoe
{PUFD hecause it indicates bow frequenily pairs of proper-
ligs ure specificd jn queres. The 1L element of QPS
indicnies The aumber of guerice in matda § in which
properly P, is speified, it b vofled the Usape Froyueney

1 .

Indicator (LJE1}, The UPI v & very imponiant facter o
determining the hesivirategy for stoemgs ollocutlon.

One of the most important napecin of 1his aszociative
approach is its preat Nexibility in Loglea! ReconfTenration;
Le.. the copahilily 10 “cul and puste™ ntiributes or proper.
tics an a fenction of the timevariahle gueres. As [tlusiraled
in Figure 7 by 1the matrices FOR; CHI:; CHI: MOW! MOL;
NOL: NOP, se., vne can cuncenirale on the forehend,
cheeks, chin, mouth's width, mouth's lip overlsp, nose’s
lemgth, nose's profile, respectively. or amy combination
therewl, lo crvate new subschemnas or Agprepates, If a

" witness recalls 1hot & criminsl has a lang nose and curly

halr, Ihe search cun be performed over allributes hair-
Lexture and nose-lengih. or over any spetific. propenies,
The fAexibility of this nppreach ¢nablés one 10 creale
apgregaics of properties Lhot belong to Jifferent atiribates,
Cne can salgo creuwle apgrepales of-the most distinctive
feuleres stored in a fle, for example, Lhe ten properties’
wilh the lowest DOD values s {llustrated in Figure 9,

If Ihe interseciion of the xet of criminuls thil posscan the
mast distinctive properiies wilh Lhe set of ¢riminals re-
trigved hy the scarch over the properties apecified by the
withess is nol empty. the intermogilor may osk the wilness
o try and recall if the criminal did not have any nf the moxl

distinetive lealureg.

CONCLUSIONS

Only a few basic concepts of SPARCOM have been pre-
seated in rhis paper. Mary ciher concepta nad nlgorithms
hove ylse heen implemented and testad. The APL is usad
here merely us 2 1ovl 1o #xplain the concepls, The streéngth
of the melkod ond Ihe clficiency of the system kave been
clearly demonsirated in an Assembler Language implemen-
tidion whea u Dutu Base of (00000 entities ve. 63.000
patenlinl properties was scarched concurmently by 30 com-
plex queries, {Ench guery coatrined aver X0 differem
prapertiea from a ael of 65,000 piviential praperiics.) On &
aystem 360 Mod BS afl entitles that qualiffed were reldeved
within 60 seconds. A detuiled deseription of SPARCOM's
cuncepis can be found in Refenences 7 and )2
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GO System—Design and implementation

of an output generator®

by ROLAND R, DONATQ ind KENNETH C, YANG

The Guuwrge Wi plow Gaiverity
Waskingion, 33 C.

ADSTRACT

This pdner concens a cunceplua! model for o penemal |

purpose aulput pencrator ind its implementation, The Gen-
eraled Outpul (GO) Sysiem is baved an twa majur <riteriu
(1) user arienled and {(3) casy mainfenance. Its poat is to
pronduce lallored oulput n an unambiguons. camera-ready
fuem. Basicofly, the system is comprised of a derived lile. a
descniplor Mle and an intedfouce madule which intepraes the
twol files accarding 10 extermily ssupplicd specificatians.
Purived data are wswully numeAv results such as pereenl-
apes. todnls, subpotals. etc. Descoptors are deflined as
wphaaumerie Libels whose lunchion is o cleady wWenlily

desived data. Classification of dilferent \ypes of culculuted

and Libel files are discussed with uccump.mymg examples
and iflustralions.

BACKGRDUND o .

In a sociely where compuler outpul is being widely used for
business and scicnlifc reporting. this meditm has become
o increasingly accepted vehicle for human communication,
A review of computer eutpot during the past 1w decades
indicales thal therg is a rend 1Wowant more complex lormal-
ting. The change is moslly due 1o an expanding and mure

varied usership; i.¢.. ns 1he consumer becume more suphis-

Weated, the demand for cuslom-tailored or even cumera-
fealy output increased. Fur the musl par, the BDP commu-
nity responded ta 1hese demands by Jevelaping a compiler
appraach 1o producing stalistkeal ladles. The Repurt Pro-
pram Uenerator (RPGY by IBM and Tuble Producing tan-
Fuage (TPL) by the Durcan of [ubur Statistics are examples
of sysiems that were specifically desipned to accommodate
& wiricty of dulpul displays.

INTRODUCTION

A major problem in the productiva of comparer outpal
velves the manipulilion of alphanumeric descriplors, ie.,
e et ey

* PMepuralivn of this peper war supponied by Gl #5-R0).510-220,%01
Fivn the Nalional Enuitie of Moatal Heulth, §.5, Publa: Heahh Servics.

1‘
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labely whose sole function is 1w cleady identily dali format-
fed oulpul., As opposad to calculativns, labgls ave pol
readily denived from algorithmic medels, At the Biometric
Laboralary, The Geurge Wishingion Univessity, we re-
vicwed Lhe problems asseciuted wilth vutpil fuemalling and
came (o 1he following cunclusions:

{1} Labeling requires extensive amounts of (edious for-
malling cfurt. Comsequently, lubxyling lerds to be
aparse and abhreviated.

" (2) Revision of ouipul formats in cqually tedinus.

(1) General purpase Proprams. in onder i fuiRLin their

gencrality, tend 10 resoet to generc Libels, e.g. % or

§. However, there are maay m-..mnm:x where such
generic labels Jo not suffice,

When upambigueus Libeling is required. the program-
mier resorts W “pne shol ™ propramming consisting of
repelitive cakuknion lueic and uaique alphanumenc
formals; i.e.. the progrummer is lwced 1o “re-inven
the . wheel” calculalionwise hecuuse of [ubeling tpe-
cifies.

i4)

.

In order 10 reduce 1hese problems nnd provide Dexibility

in generaling outpul, we have developead a :y:lcm based on-. |

1wo major crileria;

L1} Uzer onented—users should hc ubk 10 specily not -

only rumcrical reaults bul also The terminslogy 1o be
employed and The positivning and ondering of their
output.

(2) Easy muinterance—uilization and mainienance of
1he sysiem should b accumplished muoslly by Ifl:ul'lt'l.'l
technicians. .

The Tollowing sevtions describe the design, basic con-
cepln, implementalion, und example vaipad from oer sys- -

lem.

DESIGN

Given the ahove-mentiuned < ritera, we decided o rreat
derjved data snd 1heir sawwiated descriplors us separite
catilizz, {e.. :mip-:ndcnﬂ]. speneraled files,
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Derved data are viewed 21 calculnted results such ma
perceniages, toluls, whtotals, ele. Deseripiors srw defined
cy thiwe ulphanumeric labels aceded 10 [Seniily results,
Merged output in ychleved vin on Iaterface moduls which
. accestes bath Lhe resulls and desedplor files ns thnwn In
Figure |.

This denlgn has (he foliowlng advantages:

(1) Generut purpore calculatlon progmms can be written
independent uf formatiing consirins,

{2} The descriptor file can be modifed and mof nluined as
B scparale enlity. .

(3) The interfuce module provides flexibility in the an

BASIC CONCEPTS

, rangement of l'l:ul oulput, ¢.5., confgurailon of out.
_PU1 can be tailored 10 1he individua) uger wlibout
" eatenslve reprupmmming.

The putpote of the following dieussion ks 10 explore
concepis 1hat will ¥ictd results and dexcrpiors wilh some
degrea of generulity und & minimum of effon.

At vlewed here, ull output can be subdivided Inlo a seric
of compohent parts.

Figura 2 represcnis the conccpls involved In (ha GO
syuiem, from the mosl ¢lemenlury Lo 1he mosl complex and
thelr imerrelglionahlp. Staning at ithe (op of the schemalic,
TOTAL QUTPUT [x made zpof PAGE iMAGES, and gne
or more TABLE(S) consiltule s PAGE IMAQE. TADLES,\
In urmn, are ded ved from RESULT CLASSES and LABEL"
TYPES. Finally, results an¢ labels arc compoted of ¢le-
menty, [.e., o single caleulation or an alphanumeris word,

A page imope Js defined as an ovipul unll whose conlent
farms u logiea? whole within Lhe 10lal outpat. Although the
diménsions of a page image are thearetically unfimited, an

. acjuo! page Imaga Introduces eerbin Conatrainihl &g, ma-

Vo
|

TOTAL
CUTRUT

PAGE [HAGES
| — X my Jaitiaintiatiedi il |
TABLE | TABLE |} TABLE 11 TABLE H
1 K Y ...
HATRIX TYPE A '
TYPE ¥ :
RESULT CLASSES VECTOR | BE s -
TYPE & )
BATUM * .
TYPE O
A

RESULT ELEHENT

\ Fipure 3—Compoments of outpul

L]

LAREL ELEMENT

- 4ff ~ 7
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chine limitations, such as finite number of print posithons,
iend to influcnce Lhe pape siza.

JA inkle is defined a3 a merged display of resuls aad it
descripiors o labely twhenever a single 1able is tnvolved,
vhe page Image Is the rable). Al resulzs can be divided into
three classes: n datum (1% 1), & vestar ([ x A, and & malrx
(A% N Descriplors are divided inte four Lypes: All nlpha.
pumenic (TYPE A), Headers {TYPE H), Swhbs (TYPE 5)
and Oithere {TY_PE o

Lubet definitions

{1} Al alphanumeric (TYPE A} labels consist of one or
more Hnes of pure ulphunuymenc sulput. As opposed
1o TYPES H and S. their positon iz miaimally
correlaled with the resull clogsen: i.e., the form and
alignment of TYPE A s not determined by derived
oulpui. TYFPE A s commonly used for table descrip-
tioh, fooinoles. elc.

(1) Headers (TYPE H? are deflned as iabels thal describe
calumnar resulis, The position of TYPE H elements
is » funclion of the Tormat of the result matrix and
veclor,

{3 Siubs {TYPE 5) are labels thal define nesylts rows
wite and are similar to TYPE H in shat the Jocalion of
TYPE 5 elcmanis is determined by resylis,

{(4) Other (TYFPE O] hbels describe data pluy speciad.

' characlers thal are nol pecesiarily mstociated with
resulls elemens.

Rexulis definitions

The meaning of the three result classes i3 commenty
known. However, 1he definilions apply 1o outpul require-
menl1 as opposed to lhe cilculated results formal.

FYebley and page image

Lsually, the mosi convenient Lype of ouiput involves the
Juxilaposition of relyied data on & single physicol page, This
saver paging back and fomh, transcribing, or cutling and
pasting. In addilian 10 convenignce, inerrclatedness and
machine limitations, acathelics may be a mojer determiner
of the page image, ¢.2., neut and unclultered output,

From the above, il hecomes apparent that specificalion of
page imuges is N function of 1he nember, redundangy.

symmctry, exten! and variety of page elements, For exom. .

ple, when the tame page imape cun be repeated across
many physical pages (redundiiney), the cost’benelil ratio 3
enhanced, Similardy, when lubel and result clemenis are
evealy spaced, symmetrical 1ables cre produced and 1he
titianing of the tabfe s iimpl!rﬂl Usurally, the moat
astly'" lables Vo specily are @ series af non-redundant
mymmctrical Inbels and rc:u]u . -

IMPLEMENTATION

An experimental mode] of GO (Genersle Quiput) System
has been developed nnd implemented ot e Biomelric
Labomtory 1o lest the cancepls previously ' described.
Throuphout Ihe developmental phase. we have designed -
oumerous wiilizable functions and implemented 3 principal
modules cnd 9 sub-modules. serving key fuactiont, for the .
GO System. All proprams are wrliten in FORTRAN and
PL/t for an 1BM 3001 05263 K—05/VS] Sysem.

The following represent lhe modulex that have becn -
implemenied Tur 1he GO Syitem:

{1} GOMAIN (Inicrfuce Muin Moduled—This modulc
accepts inpul parumeters. refers W ppproprisle re-
suh and tubel Gles, wnd combines approprinié aub-
modules far Aexible ouput, N fexdbillty can be,
obacrved frum the ensuing xamples,

(2) COCLAR {Interface syb-mocdule}=To clear ihe
area, bufTer, in which the results und Inbely Iwill be
merged,

(3} COREST {Interface sub-modulel=—To reslors & ags
image for repetilious vse of the same page image
wilh differentin) rezulis.

(4) GOGRED ([aterfuce sub-mocule)—used a3 input
funclion for pencration of graph displays. w

($ GOGRPD (Iniedace sub-modulel—uged jn conjune-

" lien with GOGRED lo gencrate and plot daia for
displays.

(%) CODATM (Inlecface sub-nu.id:}-w iransfer da-
tum resulis lo culpul bulfer,

{7 GOVECT {Interface mub-module}—to tranler vee-
tor resiliy to pulput buffer,

(8) GOMATX (lnicriace suh-module}—tu trpnifer ma-

- trix results te outpul buffer,

{9) OOQUPDT (Inicrface sub-modulel—used a3 update/ ..

madify function for previousty-created page [mages, .

TARLE |—Pupe [nage .
M JACA TmiaT '
L ALE [ = L T
oy [T T AMAT  MemL
=y nm g
]
L [ T 3
]
T
¥ L]
i smrm LF
[} L
: .
S r—
L L
i )
mm!.[ ) ) -
TRA ey %
T e [ T ]
o Calegy = 1L » VIR &
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TARLE V=Serged Pags Image and Rovully

DATUM

(0 GOPRNT  (Interface  sub-module)—print  the

merged owtpur which resides in the buffer in vier- -

specificd Tormat, |

(L)' GOPAGE (Label Gemcrutor Module)}—io ereate
Pagc Tirectory comstituted of page imapes tallored
e amer-specificd oulput,

{12} GUSTAY (Generut Purpose Culeutation Module)—
Muliiwiys crow-labulilion and computations of ,

{TYPE A) PSYCHIATRIC RATING SCALE -~ ANXIETY
PRETREATMENT
NOT MiLD MOD- SEV~ - NOT POST
PRSNT ERATE.  ERE ASCRT  TOVAL °
NOYT PRSNT e 14 1" 4 0 29
P
0 HILD | 2 22 .M 0 36
5 -
T MATRIX
- T
R MODERATE 0 : I 2 16 | 20
E : =7
A
T - VoL }
SEVERE ' 0 ] 2 by 1 1
- NOT ASCAT 0 0 1 0 0 i
PAETREAT, : '
TOTAL ! 18 38 38 2 {—vsc'runs
TOTAL N = ' N = NOT ASCRT = ‘
RO CHANGE = o |HPROVED - umszneu -

CATUM DATUM

Ixv. X, and o conducied (inclusive of row ‘J'-
calermn %, tuble 7. cumubalive row %, cumulative
~column 7 for # and ZX). The resplex are docu-
meniled and stored on temporary disk file (resatt Gled
to be utilized by the GOMAIN, -,

LDurin; the developmental and design phase of 1he GO
Sysiem, we also envisioned n spin-ofl from this concept,
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COLLECTED-FACILITY: €3, & 0. 532, 624, 1322, 6548,
{% WHOLE 3LOOD) b . 0.0 0.0 2.0 47.38 13.83 16.49
RECEIVED; - -
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(% WHOLE BLoOD} 90,83 84,60  96.69 74,30 10.60 84,34 75,08 -

1 (X RECEtv-Wp+RL) 57.52 L0.59 57:15 £5.36 §5.38 B6.23 67.98
(X TOTAL INPUT) - 49.77 37.85 57.01 k2.79  23.21 &6.55 53.0%

OUTSIDE REGION £9, 133. 8. 1h7. 290, 174, 220A.
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{X TOTAL INPUT) 1.4} 6,80 1.95 3.55 1671 1WA LSk -

TOTAL RECEIVED 1267. 864, 2508, 1919, 693, 8a34. 2880,

(X VHOLE BLOOD)} 9%.26 100.00 100,00 78.29 52,62 B6.17 B1.51:

(% RECEIV-WB+AC) £0.33 47.97  59.2 70.79 78.04 88,09 73.B0

{X TOTAL INPUT) 52,20 44,15  SB.96 46,34 39.52 67,99 57.5%

TOTAL WHOLE BLOOD 1830. Bk, 2608, . 245N, 1307, 9556. 3SWIS,
(% TOTAL 1HPUT) s4h.80 4,15 SB.96 . +59.13 5.8 70.66

78.90
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which could enhance the dochmeriation necd of the drug
studics it we provess, e Ibe implemeniation of m bk
syslem. “The Thaek System searches the completed vutput
files T pisen study nnd then grpanises the vutput in book
Lerm with o mhle of contenis, vigenized and pa;lmttd
vt put, sml o Loy weminology imlex,

IF,KA.M PLE OUTPUT

When the culpul requires furmuluton af symmetrical
lah¥ex, o g image on the prioter paper can be envhioned

nx a Nield ‘of (3266 mawix, and any I'Ihl:l'.'nh:r of sub-fields

cun be ¢cansiructed within the Medd. Table | vhows the upper -
kfi yuadrsnt of o4 PrelrralmentUPositreatment cross-tahala.
tions page image, Since the outpul fequires juxtaposilion of
four identical lubles, onfy this tuble is gencrated and 1hen
réflected ontg three other quid rents for the complele pupe *
image. Three types of label (M, 5 and DJ are hknuﬁcd in
this wable,

Table 1l shows cnlculated readts from QDSTAB being
merped wilh Ihe table produced pbove. One type of label -
{A) and all three classes of resalts are Idcnnl'cd in this
iable. E
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Tuhles Hl and 1V ilustrate the 1uéloring of put put AScord
Ing to usgr apecTicnllons. Par Lhis upplicition, OOSTAR
necepted m two-wuy Crousdubulation of Drug by Duratlon
(42%54) denign, results penerated ond alored in desige
order: 1.e., |4 elemenin (frequency, percent, cumulatlve
percent, ei¢.) ure sared 1ogether for such ecll of Lhe design,
Howcver. tha uner wunigd the datn displayed us sapamie
lublan (frequeney luble. perceat luble. cumulatlve percent
tuhle, e1e.). Hare, only ona pnpe [mngs was created amd
resulin were dintribuled selectively Lo the apgroprinta tables
for oulpul,

Tuble ¥ shows summarfen that sre frequently used In
bozh indusiry und science, i.e,, percentages. sublotohs, wnd
1olnls.

Tublas VI, VII, ond VI are (lynimied 10 show some

sxtroeied mulzrials from one of our completaly documented
sudles, {Puge 10, =wrmow marked. has been scleciad fo
demonstrnte page refenenca copabliity of this book 1ystem).

CONCLUSION

L

" Based on our exparience with th:u OO0 System, wi flrmly

belleve 1hat our upproach la & viable ons. W continue to

develop more generul alporfihma for the Interficn executlve

monlter, so thal it wifl sccommoduls more faxible ouiput,

Descripiors and rexuhis files nre gencrated separutely and-
ara mMalntalned by tralned technlelans, Cur firet genernlized

compulntlonu] module {QOSTAD) pravas that other mod.

ules cun be reowdily Incorporuled into the GO System.
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Design and implementation of an information base for

decision makers™®

Ay K. H. HONCZEK,C, W. HOISAPPLE und A. . WHINSTON

Purdur Universdty
W Laduy it tndiang

AHSTRACT

When censiderag the design und implementuion of sys-
jems for decision suppar, u crucial point is the pewer uny
ponibility af available wols for representing dats contexis,
The vidie of such + stems iy consirained by the ' Achness™
of patigrning wllowed hy their duta structure mechanisms.
W inireduce the notion of an infernkition bose as 3 anlurd
wtep forwand da (he cuntinuing evilulion of data slructures.
Fhe wuislunding feanures of the Informaiion buse wre 41) ils
aeeammudatiun of the horizontu and verticn! integration of

aformalion parcels inlo u ingle semantic mechanism, and

13 the integralion of operalors into Lhis semunlic struclure.

INTRODUCTION

A (oplcat and decidedly aipaificont arce of rescarch in
valves the identificulion of those criteria which u computer-
ized informalion system musl salisfy if it Is 10 be of valug to
non-progrimming Jesision mukers. The ensuing discussion
focuses upen auch crileriu nnd their implications for kystem
deslpn und implementatiun. In paniculur, we iproduce the
notien of un lyfermeation base wnd demoasiraie how il muay
ke doveloped und implemented as an cxtemion o the

CODBASYL DBTG' upproach o daly mufagemenl. We’

commence with the charmetedzation of un Enformitjon byse
8% a semunlic pelwork, [1is then vhown Jhat this sematlic
beiwork muy be realized oy an extemgon ba an wpprouch
that hax been wsed [a commerciat enviroaments, Marcover,
we iflusirale haw the infurptaition bose sérves os the Sormer-
slune [or u penerallzed Jecision support syslem.

Wilhin 1he scope of this paper a distinction s drawn
. betw=ch the lerms information and dutu, Observe, find of
all, thut information is an absiraction; il i nol something
which cun be poinled 1o or seen, Huwever il may be-
conveyed by patlema of “'muatiercnerpy,”? i.e., by config-
wrations of symbukh., by data, Data und information invaria-
My accompany one anather. The words on thiv piece of
paper are hul infurmation, but rather o patlern of matier-
energy which-as u coascquence of certuin uetivities {e.g.,

Y Newarch wypporitd by Tffice of Waier Rewruch sed Technokogy Grant

Mo, 5538421110, .
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npuling, ImAspilling. decoding. assoclafing, sivering, de-"

ciding. le.) conveys informatlon? The impomanl poinl i
Ihe patlerning of Julat the rchness’ of a auginian in 1erms
of the kinds of dita relationnhips whivh it van seprosent b
ohvious impliciniuns for its power in comcying infurma-
ticn, With this in mind, we can note & pronouaced Trend in |
the history of informution wystems from the relatively
impaverished Jirear data structune 1o 1hy Irer and netwark -

-dula struciures, Cupibte of o greater viriety of duta cenfigu-

rution; correspondingly the euse with which camparatively
complex information can be conveyed hus abwy grown.

Summarizing. ... we ¢un say that datu 3 an vhiective

notution which has no signiffeunce in ilself, versus informu.

tion us a pubieclive concep! which relutes u dulum 1o o
conlext.'"

In order to understand the warieties of contends or

configurations in which dita must sppear il theve is lo be w ™7

comprehensive conveyance of informatlon, we exumine the . '

ficld of semantics, Of specia inzerest 35 the notion of Bl -

semuntic net. The results of this examination conslitute a -3

busis for the specificalion of infermuifon bure fealuren
which permit 1he unambiguous representstion of wll iypes of,
Informalion pertinent ta decision support npplicalions. This -
represenialion mes confizure data such 1hat al sipnificant
relalionships amang purecls of iaforoustion fe.g.. among
fucly, procedures, empiricul informution, e} are dccem-
moduled. Furthermore. lhese objectives for information
base features must h¢ mer in 3 manner that is amcauble to
processing for the pumposes of inference und Jdeduction,,

Information base may be viewed o a semaniic mechanism
copable of represcnting meanings in terms of dala ¢onllgu-
pations. Ju stomge Lechnique must be gereml enough o
hundle Ihe husic kinds of informution invelved in Jecision
ruiking regardieas of the specific dechion applicatiun,

ceplual information, empiricut information, stimulatery in:
formatiun, I[nformulion ubout expeciations. informulion
concerning valulions, und procedural informution. 1o addi-
tion the informution byuse must be flexible envuth to repre-
senl 1he efien Intricate {nlerrelationships among informallan

+ b

-
T

These types of informalion are: directive informalion, con- -

-

Since memantics deols with 1he redurfunships hetween ‘
symboly und whal they denole or mean,* what we call the -

H
"%
L

purcels, rclating them vo at 1o cuplure their full meuning . °
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und impact with respect 18 other parcels of Informution.
This talter paint s paeticutady significant in that it fumishes

w hatnis Mo the syrihesis of separnle parcely of information

thut are alf relsted te the same objeet, sangep, obaerva-
liony, gie,

Wouods® defines u semuntie network 10 be an atlempl 10
cumbine inte u single mechanism tuth the obility 10 stors
Gictusl kpowledge and the ahiliy 10 model pssociative
cenneciiuns which reader centaln parcels of informution
wevessible from cerain wihers. Moreover he indigaies thres
critesty which muwl he sutisfied by & n.uuuun used for
sEMLIRIE e presenialion

1. Logical adequacy, The nolution must provide an &a-
sk, Turmal wnd uvnumbiguous representalion of wny
panigulur inleapretalion thal may be given 1o a sen-
lence.,

2. There mual he un wlgorithmy for iranslating un inItiul
senience intw this notubion,

M There musl be nlgnrilhm: cupable of using the semun-
lie representution in order to perform needed Infer-
enges ard Jdeducticns.

The iaformation o deluiled in the subseguent disgun.
rion will e shown o st(sfy the defTnilion of & semuntic
neiwosk, A query lunguuge will be descrived which, in
conjunciion with the informution Buse, will be thown to
wlisfy 1he 1hree requirements of nolutions for semuntic
represcalulion,

FEATURLS 131" THE INFORMATION BASE

A speeific desipn und implemeniution of the Information
base in described in ¢ baler seclion: this desipn und imple-
mentution is hined {n pard upoen the idew of o network duts
buse udvaneed in the CODASYL DUTO Repod of 1971
and subject to estemsions ol medifications outlined in
Relerence 6. The term infurmation hase, ralher than data
bose,'in used o emphasize its Incerporation of 1wo fundas
mental feutures which do ool uppear la the general duin
huse mumapemenl literaluee. Bath feslures concern ways of
patlesning duta Ihat can com ey informution not commonly
trcited in the guine of dala bane munugement, but of value
10 decision stakers: they furpish methods for, introducing
fwa pavel hisds of coatest inlo dila slruciones,

In vhaening the progression from Dnear sructures 10
trewn, 1o melworks, we mole ingrgined Tacility for relibing o
shitum with athee dJutas there is un increasgd copatcity fof

-irlmf} ing the vontest of u datum o terms of dala stiugs
tures, Though there is little context inherent in liscar dala
sthselurys, the diata ¢ontenl of groups of such sruclures

may be waed 1 represent rees. This begumes comples ond -

cumbcrsnie as Whe Iree 1o be represenied grows in slze,
Sintitardy, Though {nin possibbe e twis] tree struciones to the
tuxk of repivsenting Large or comples netwoiks by using
callections of treg-like structures, Thls canmad be accome
plished e a Fwile, straightforwand manner, This analogy
Ry hc conlinued with respect 1o 1he 1we fealures being

L
1

introduced I this seetior, That Is, Ihey ean, In kome sense, °
be represenied within network data strustures, but such un
approsch leads Lo centuin axymmetrles {with respect o

* processing) und dificulties akin Lo those encountered when

représenting trees in Jingar slruciures. Since 1he 1wo few-
1ures are not inherent in Lhe common noticn of a nelwork
data base, we Introduce the infurmeition buse o3 2 mecha-
nism which encompusses both while ullowing {ull network
cupatilitien,

The first fewture involvex Lhe intraduction of the concept
of resotution leveds withia the mechanism lor Infoermation
orpanizution, A timple exumple of this b described by
Winoprud.'! Consider dula aboul ¢ors in which spacific
welights and colors are reluied (linked} to each car} ob &
higher level of resolution, we may want 1o tomehow tlore

. Informulion wbour whut the properiles of cors wre. S0 on’

one level of resolution we sre interested in wpecific wir-
bules of specific cars and on unother Jevel we are con-
cerned wilth prepertics of ¢ars, Thus twe dislinetive charae-
teristles of ibe Information base wre Yinks which integrnie
individual informuition parcels on u piven level of resalution
inte w single neiwork sireciure und secoodly, the integrs
tion af information of vurying levels of resolullon inlo a
vingle structure. We term the fermer churucteristic *'hon-
zorlul integrution’ und the Lutter **vertical |nlegralion." So
hurizoniad refers 10 linkage of entlies on 1he same level;
whtri'ru verticul denotes linkrpe umong difTerent bevels via
Informarion purcels that participale In Loth lavels (though
the nature of purticipulion Ix differsnt an euch level). A
subnequent seclion of this puper describes both an imple.

mentation and the implicutions of 1his fealure.

The second ouistanding fealure of 1he informntion bose
involves ity ability to hamdle the intepration of programs
into its logical structure. Nat onty does this permil Lhe
nkuge of o dilum with u progrum that uses 11 1L pllows the
camwinuction of networks (in bath the hordzontsl und verls.
en} sense) of progrums. This capiacly has iwa primary

" effects. Firm, i provides ihe busis Tor model. foemulation.

Secand. il I"umix!!:i u more comprehensive mechanism for
semanlic represcnintion.
The s~pect of mode! formulation Invoives the action of

" reluting cenuln modules inlo a desimed configunition. This-

neesnilates u knowledge of which configurations jire mean-
nghul wnd which are fat, Such knuwledpe s stored in 1he

_information buse’s semuntie actwork., This npproach b

much in comman wilh Lhe notion of structured program-
ming. Programs devised neconting fa ibe fenels of strue--
Wred programming® are readily smerable to storige within
the infurmalivon huse: indeed thene iy it the ubility 1o store
uwhiermative modules le.g.. sliemutive functivrlt foers) for
rerfurming o purticutar cake within the coniest of cither
uther miodules or o higher resolution level, The udvantiges

T "of siructured programming ia terme of m:u.int.&mhiiilr und

exlenibifity® wre ulxo apparenl in the struegy of i miggnlmb
program modules imo 1he logical siruciure of un infurma
tien base, Thut s, il Is possinle o add, replace ur delete 4
moduly In (he same manmet thod vae would mld, n;phcc w
debete an occurrence of dat

It in wseful ab this Juncture te peint l.'ﬂ.ll ¥ distinction

L]



peiween proprum modularity and program resolutlon. The
iea of resotution level ulsa govs under the nume of level of
swirnctlon, Dikuaru® Indicutes Thul ench level of & syviem’s
wltwnre Blernrchy consthutes un ubwtract resourcq which
purticipates [n Ihe neat blgher level nad which hiss svailable
w [t 1he resources of Lower kevels, So ™, . . ut one level the
prngmmmfng amounts 1o manipulition of the ubstrugt re-
wyrces suppatiesd by the next lower level of the hicrrehy,
The progrums ul that kevel manipulite shslraclians—ihe
abwtractions of the resouree, whatever 1L mny bé—anyd at
the sume tfme panicipate in generuting w higher level of
apwtactlon for the next level of the hierarchy 10 manipu-
Lie." ¥ Funhermore, Miller und Lindamood suggeut thal »
v, . highly modutar implementation in one in which ape-
oific funetions are performed by wpecific mudules lund
rowhere ¢le): on the other hund,  system which preserves
a hicrarchy of abstraet resoustes woold uppest (o reguire
meduluriiy s u mirimum, snd perhups u greul desl more
srzeiure’.” " Such & wruciure in effsciively Lrewied by tha
infurmutlon buse feuture of resolullon jevels which aliowi
the srrangement of progmm resources imio levels of b
stemetion,

The yecond eflect of ollowing the Iniegrmisn of pro-
grums into 1he structure of the informution base i3 1he more
comprehensive semuniie representuiion that & permined,
Much lilersture about semantle networks Is concerned wilh
the network represcatation of English sentences {e.g.. see

References 5 and 11}, These seniences consist of putlerns

of verts and nrguments, The 1ypieat decision maker who
gueries the informntion base requests the execut/on of some
,model {|.e., opcrutor, verba) uslng certoin duln {i.e., oper-
wnde, arguments) as inputs. The usuul dais base stroctures
handle infarmation sboul nrgpuments only: the meaningful
operalor contexts in which such wrguments may nppeur v
rat represenied in standard | ypés of datu basa strucluren. A
more detalled discussion snd prucibeat application of Lhis
fealure of representing programs In on Informaiion base 1a
presenied In Refercnce 12, The remuinder of thie puper
focuses on delulls ond exomples of the terctution level

feature and on the wiility of the infurmation base s o device

for semamile represenisdon.

REQUIREMENTS FOR A DECISION SUPPORT
SYSTEM '

Recall that, In thix paper, we are principally concemned .

" wihth e information base from the sMundpeinl of it conid-
bullon 10 1he reslization of & generul decislon cuppart
tydlem. Although there ure severwl Tacets Involved In

reaching decinlons, we Inveutipaie three In punleulur: infor- |

mullon access, model formulutlon, und wnalysis, The eff-
cucy of a dechdon support syslem may be evaluuted in
terms of Its Mexlbdlity, faciliy, seape, tlimelinesy und coxt In
supparting 1hese three fucels. )

With respect to informalion wceess there must be &
mechunism for the systemnlic, Entegriled stomge of all
pertinent informution, The informution huse cutlined above
Provides just such a mechuniam, through both hodzontal

4

und verdcul Integmion und through Hs cupucity o relule . -
operuions with euch other and with arpuments. Given such ,

u vuruge mechundsm there must be o iechnigue Tor inie'rnq--
puting {und modifying) I thit cun be usd by dechiom -
raukers wha wre nul computor experts or programmens,. The

query language for nccomplishing this is presented kier,
The necond fucel which muyl be suppirtend is the wetivity
of model formulation, This facel refers bath b models that
uwre subseguenlly used Tor pumosts of wnalysis snd o
models in the seane of plans to be implemenied. Thin s o
craglsl unpeet fur eesolving unstruciuned prohlems and for
wpporling \he explomtury aspects of Jdecision making. In
ahoet, the deciston suppor aystem musi huve o Component
for the gencrution and evalualion of nhermaives Tor uchiey:
ing u stpted goul. A ulrendy indicaled, the infarmation buse
coniribules 1o such on end. .
The decision suppant systems must atso provide Tor the
acuvity of unalysis; |.&., 1he fining of dalu with models nnd
misdels with dala, (hereby resulting in some expectution,
beliefs or knowledge. Implich In the very nuture of Lhe
planning wetivily is the dynamic quulity of the Interface |
betweenr model und duin; for even though & collecilon of

- data may be camparutively alable over some time perlod, o

both the problems and the models ued for problem soiving.
may be subject 1o Trequent alicrutiva, Notice thil n model
operiies on & particulur subwet of the enlire collection of |
aperunds uvuiluhle, und I requires u certuln confipuruion

"of this data ns input. Wa contend that ihe tedious, cumber.

some task of inletfucing duta und models for purposes of
snolysis should be wutomutically hundied by the decision
suppont tysiem in fresponss 18 the commands of u non-

‘progrumming user. The method fur accompllahing this is

dl:cunled In ubsequent secliong,

FORMALIZATION OF THE INFORMATION BASE

We now present u formal descripilon of what |3 meant by
ithe term “information huse.” We define o record occun
rence 10 be 0 uniquety tubeled nppregate of duta (ie., siring -
of symbois). Where [ in Lhe wet of positive Inlegers, X,
ba ke set of Jubel wosoclsied with » finlte sey of mecord
occurrences, such thal XCf', A record type. uniquely
dendied by 1he labcl p,, muy he dexeribed by 8 fusction r,us
follows, Dellne £, un the set of zll ry: X =10, 1} xuch that:

(i} \'m-!.;r.m.hll L{;‘tilufthc typa lbeled p,

0 Yk, T s
O) VAR, T ni2)>0  where Kymla)

4 -

Property {1} stutes thut 7, defines the collection of 28X, of ~
the type labeled p. Property (1) indicules that each r&x,
eun belong 18 ul most one p,. Propeny (1) stules that each r,
Is nonrjvial, T

Before Jefining X, for k=0, wi note thul Po={p] 1 the
st of olf labely aasocluled with the elemenis of X,. Since X,

)
A
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is flnhe, we cun, deline these fobeln auch thot PG
PNy, =0; furthermare wa can define each of these sets of

“tubels auch thal it has po elements in common wilh sny

other &,. Defling: .
X (gl | 318X, rige0u,
Xy = (a8 P, | Bx@X,: nix)sOluX,
1

.I.'; "{P.EF,-. I !IEIX-. 1““] #'D]UXH

I follows from the deflniilon of Xy nnd X thal there musd
exisl » &' such That X.-X.,ﬂl'. .11 then fet X"X.T O
sarve 1hatl X is 1ha set of abels of ull record occurmences
wilkin un informitioa buwe, Ihese lubels are upique [dsny-
fiera, thereby serving us informut/on huse keys, All occur
rences of a record 1ype denoted by the lubel p con be
determined by successive appllculons of the function r to
the wes X. The mugnlivde of X Indicates the Jeveln of
resolution inkerent in the information buse. The render will
nullce thut P (s ulwuys v subsel of X: U it were nod desired
to 1reat all record 1ypes a1 necord occurmences, one could
define X=X,.,. There nre ndvuntigen to Jefining X=X,
expeciully for purposes of ultering the logicu! sirvcture of un
informulion byse ulfler i1 hus besn loaded, This will be
cluboruted in & subsefuent 1ection,

Continuing, we now formully deflne the information-ael
tIn-sety. This conutruct, us implemented In the inforralion
baye, in drawn in pun® from 1he “set'’ kdea of 1he CODA-
SYL DBTG Report,' hence the term “'in-sel.” It (s impoe-
el 1o differentione this from the fwmilive notlon of e
mithemulical set, Let Qy»{v&X [ri)n0}k If u fuaction

assocluzes euch element af ity domaln wilh no more than - -

one element of ily minge it is snld 15 be u functiongl refulion,

Then ench functional relitian fr =0 waiquely defines an
in-set of which the recard 1ype r, s xzid 1o be 1he owner and
the record type r, |5 culled the member, It is importan! to

muke peverul ovhaervalions abouy the in-scts of un Informas

tion buse. 11 ln permisaible, nnd sametimen useful.® to ullow
imf, Second, an in-888 muy be used 1o nssociate recond
I¥pex of dilferenl levels of resalfitilon, Third, Ihe set F of In-
seis of on information buve must be enrefully defined so
thal s elemenin ure consivlent: &.g., one should sxercise
cioution In defining both f0—{, nad 10— bs
elements of F, Finilly if fos (b=, und fi 1 (e {)s. Lhen we
cin Form the composite in-net £ o 0, —{2 dellned by

B WA LT AVATYIL LY -1e 18

Thix Is somctimer desirible from the siamtpoinl of noceess

eMeieneys ir wlao ullows us banach spegiul Humﬂcnnce or
meaning o gertuin groups of seis.

The Fevepuing iv i formal description of the mjor leas
wures of the infurmaition hase,
hordzantal inftegrnion (via insets) and vealeal Inlegralion
v resclutian levels) of infurmation into 4 single mechar
viam. 1n order 16 illunirine 1he uxe of resolution Yevels, we
Sty the ubove formalisma (o the problem (see Winogriul®)
of representing infornsition ubout ears, In this problem cary
ire 10 ha described in termy of color und welght; in wddilion

-

Il a¢counts far bolh the

wa would like to denole that color and weight are propen

ties. Supposs we have recond occurrences hs shown o

Figure la: these ure Ideniified by the respective libels in

Xy The set R, Iy also shawn, by Incpection we se¢ 1hai B,

wutlafles the nceded conditions ue given nl the beginning of
this secilon. The function r, deicrmines whelher ar nol an

slement of X, Is of Ihe 1ype color. Similurty ry b naséeinted

wilh the type welght und ry in assocluted wiih the type car,

In our implemeniation ench £, defines (nnd Js defined by) a
linked list of pecurrences of its iypa. Given Xy R, and P,

we opply the rule for dtnnina X, 1o obinln the result shown

in Figure Ib, R, is ulso given ond clearly satisfles the,
necersary condltions for its definition. Applicarion of 7, to
elements of X, can be used to determine which elements are
vehi¢le propertics. Pigurs 1c glves the Xy Lhat fﬂllnwl from |
" b definliion. If we luks Ry=q, then X=X,

The occurrences wnd thefr “verticd™ retations with esch
olher are dingrummed [n Figure 2. Also depicied are two in-
nele: S, and £y, Using the definitions of £y, @y, and O, glvan
in Flgure 1. fi:Qyee, und f1: Gy Q- The wrrows In ihe
diagenm painl from the owner of Lhe In-2¢1 to 1 member,
i.e., each arrow poinls [ the divection opposlle ta Lhul in
the nelution of s corresponding functionul relatlon, Uslng

. the formalisms ntreduced here It & & simple matier 10

T represeat an exiended problem including other kinde of
vehiclas." more propenies, subclusalficutions of propertien
{e.g.. Bructursl, funcilonal, £1c.) and even properties of
propertics,

¢

An infarmarion basr for water guality management

More detailed discusadons of the water quality manage-
- menl prublem muy be found in References (4 and 15, The
ohjectlve of the exumple presented in this ‘wellon Is to
demonatrare the applicability of tha Informatlon base av »
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device for enpluring the semantice used 10 supgort prictica)
decision problems. At 1his point, we presume that Lhe
reader has v sulliclenl concept of what an information buse
entuils to obviale the need fur camalete formalistic deserip-
liok, 5o for the suke of econemy, the follmving exumple fa
presenied In u levs formu manner thun the previous one, It
will be p3¢r' 10 depict certaln Implemenplallonul deigils (e.4..
Linguuges fn which the infornution huse fn specified and
with which it Is wijlized),

Consider the record Iype POLLUTER, displayed In
Agure 3a. This sggregute of dala item types represents

Fl
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mensured of typen of polluter activity for u piven dule, So
oceurmences of 1his record Iypy correspond 10 meusure-
mEnn taken oo vurlous duzes, In order 1o build o semuantic
nelwork, we musl indicite how this concept of POLLUT.
ER fitn Inio the paliern of knowlodge comseming waler
quality munagement. A polluter Ix properly characierized os
being & property of u river reach., Other properica of a
resch include reach, purimeters. herdwuer, [evemental
fMlow, und reatment plan, Sa a resch ds chumiclvrized in
terms of thess propenlen za folluws: a resch ls g portion of
s river Jn which ceruin woter guality parumelers ore”
rebilively Invurunt: which hus no more thun ons |pueing.
source) polluter, one Incremenid fluw or one beidwaler;
«nd which must possess treatment plans, This could be
represented in the Informaiion huse by osccurmenees uf 1he
REACH PROPERTY record cype Wispluyed in Figure ib,
However, observe lhut euch pecurrence of the duln ftem.
NAME {e.p., "POLLUTER,” “HEADWATER." “PA.
RAMETER." c1z.) Is olsa the label of 1 record Lype which L
lsell an aggregate of {tem 1ypea nnd which muy huve -
numerdus occurrences. So, for inutunce, ' POLLUTER"
denotes un occumence of REACH PROPERTY: but L also
denoles » recond [ype (shown fn Figure Jz). The same
rircumetunze halds for the other rench pruperiies. [hough

their recond types ure not deplicted here. The requltan -

logleul struetuse s Jilestrined in Figire 3¢i a record type
enclused by unather recorg Lype indicaten that the enclosgd

,record Lype Iv ulvo pn occurrence uf the enclosing record

1¥pe.

We conlinue the exumple by exumining general water
quality modeling churutierislics, 1n order to simulule water
quelity we nced informatian ubout the folfuwing: 1he rivers
involved, the reuches which we In guch river, ench reach's
properties, Junctions, piping plans. und moded par . stery,
Thiz 1y thown in the structure of Figure 4. Mo.¢ ' 4l the
record type GMC hus two Jtem types: CHAR 0 s
Hel nnd |MPT (4 mensure of the relulive impanars - - coch
charncieristle). Five occurrences of GMC wiv shown:
RIVER REACHIUNCTION,MODELand PIPEPLAN.
General Modeling Churscieristic is nict the only property of .

iy Moo SeluachAInE ey
L] A vm

iy .

Figury 4= Esgmple W koglcal wiruetare 1GMC)
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a pegment that needs 1o be represented; Local Modeling
Charucterstics (LM C) ure ubso nceded, (The term segment
Iy used (o indlcate n potticubnr wrew of o rdver dunln.} The
detalls of 1he high level record 1ype LMC are not shown
here. hul 1they describe infarmation ubeut non-point sources
of pulintion, permils fer poini-souree pofiviion, Ireaiment
plunal gopstrucdian stolus, permic ¥lolulon dain, ale, Ay
shown in Figure 5, GMC ynd LMC ure occurrences of
SEGMENT PROPERTY which is 15l an octurrencs of
the record type WOQMAS BASIN and SEGMENT ure sl

occurrences of this record type. The Informallon buse could -
te lurther exlended 10 incorporsie wspetis of b use.

* planning xince they influcnce nnd are influenced by water
quulily munagement,

The foregelng logical struclures are |efilally deflned in
termy of un Informulion Dessription Lunguape ([DL). Uia
of the 1DL 10 define the logical wiructure of Figur 4 |a
preseaied in Figure' s, The specificulion thown Is largdy
seif-exphimutory, Euch record type is followed by Lhe item
1ypes which cumpose 1. {7 1he record Lype is of n high level,
then 1y {tem 1ypes ure followed by » apecificution of those
recard 1ypes which ure its oecurrences, Definition of an in.
sel must be preceded by specificutions of 11y owner and
member record types. For simplicity, detubln of the iype
und size of flems are 0l shown: ufso Lhe ordering critericn
af each in-s¢1 is not shown,

A LANGUAGE FOR DECISION SUPPORT

The reudér will ohstrve from the preceding discunsion
Thut the degivion support sysigm had Iwe busie componenis:
ari Informalicn base und u query inguige. Clearly the
wability of u sernunlic network depends upon implements-
tion of u kinpurage with which one cun extruct (inser)
meuninys that ure held in the semuntic nel. Not only um
semuntics conveyed by a puniculur Junguuge, they are

limiled by it s well. The lingusge i3 used 0 express,

meurings, bul it ahao delineuten the kinds of meunings
© which ora expressed. We cun devise urbltrelly complex
seminlle networkn, but Lheir usubility Js (from the pracileat
slandpainl) consiruined by the fanguapes dund languuge
processond which cua be inlerfuced with them. Observe
then that there v o fundamental duadity of (1) the kinguuge
in which ideiee are expressed, und 1) the struciaral repre-
" wentalivn of ideas in un information Base, On 1he other kund
the wmuntic mechoniim musl be cupabde of Luking full
advantige ol the Jangeape's power, In 1he ¢use of the

T QLI TY Wby asers D b

hary ey MENERY PIOPOMY
L L _ ) (]
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m:plemcm.mun dexcribed in lh|i rapel. lhe query hngua#
i the comstraining fsclor siace il is intendcd primarity for
the pesctical suppon of gecislon uctivities of mun.lgcr- in
rath the public and privile sectom,

lmplcmcnlauun of a nutuml I.mgmp: l:g. Englizh}

| processud s certainly a noble objective. 1t is our expenence
that the typical decision make! Reither uses. nor neods, @
complere fagility for conversing in o naturel hinguipe. 1t
wfienr happens that phrases of cliwses wre sulficionl 1o
convey &n idea: there are grammaticad constrocts (e.g.
rellcave. passive) which are not pudicutarly permane o
the degislun aetivides of information hecess, model formu-
Luion, and anidysis. In addition the decisian muker s more
prone 1o desire {nformation coaveyod in & tsbular or
graphicad fushior than in a narmlive mode. §1 has also been
found thar the user silting ot a computer lerminal has &
iendeney 1o use abbreviations and concise mihemalical
notution .

With these faciors in mind. the query !anguape to be
oullingd here has been designed 1o meet the needs of
decision makers for Neaibilily and brevity of expression,
while 8l lhe same Lme being easy to learn and uiilize. The
query lunguage is effectively u subset of English that has
been exlended 1o inclode sundard malhemalical operators
tie., relational, anthmenic. and univariate snd mullivoriale
fupctions). The focus here is upon use of this languuge for
interrogalion. though it may be used for dule ¢reation and
modification 8s well.!

{COMMANDHFIND clause}{CONDITIONAL clause)

r

or aiternallvely,

The standard framework of 1he langizage consiniz of a
collection of opemifors dused in the eapacity of verbs,
adverbs and adjectives) relating we operttivns 1ypicidly
performed by most decision mokens: these pperarors pre of

Iwn hinds: commands {e.g., LIST, PLOT, STAT. ®E-'

GRESS, e1c.) and marbematical opefulms le.p.. MANI]-
MUM. AVERAGE, =, +, <, cic.h In addijan ny this
stundurd framework the user may defloe wrgumenis (used in
the copacity of nuun<), syruny ms for arpumcats aml opene-
lors, aml any ferther operators e, progrums 1o he iale-
graicd inte the informution basel that are mundaee 1o lhe
particufar decision making spplication lu be suppored, This
definition ix eMMected in lerms of an nformativa Dyeseription
Language ([ DL} w hick extablivhes 1he contesHa) of wll data.
argumenta wid operalors. That is, i Jdelines the wcm.mu:
nel.

Delnils of the query processor are nol dis¢ussed in this
paper bul may be found in References 14—I18. Briefly, the
query lungtage his a conlexi-sensitive grammar: inverse
transformations are used 1o tuke a surface stRucture query
inlo 2 desp sirycture expression in @ lunguage having o
conlext-free prammur. This desp strugture expression is

- compiled piing well-known methods of symax-direcied

anatysis. Parts of the compiled ex pression are used a3 inpurt
10 nelwork trvenal roulines which muke extractions from
the informution buse far use fn wnalysis indicaied by 1he
query's command (verh).

The query’s syntax appears &3 follows;

{CONDITHONAL CLAUSEHCOMMANDHFIND CLAUSE).
i

So some sample querics afe; ) .

LIST REACH.NAME.REAERATION, PﬁRAMETER .ﬁND REAERATION.EXPOMENT. FOR DATE-I]DTH AND

RE.ACH LEN(rTH-: -

WHEN DATE=110178,- PLOT
PO.CONCENTRATION/LOG(TEMPERATURE)

REACH.NUMBER  VERSUS

AMMONIA CONCENTRATION  AND .

LIST GENERAL MODELIRG CHARACTERISTIC IF IMPORTANCE>S

The I:m:uur:e allows any meaningful configurlion of argu-
"menls and mathemubical operutors te appeur in the FIND
and LONDITIONAL clauscs.

PROCESSING HIGHER LEVEL RECORD TYPES

Upon receipt of 2 query. the query processar generales
“ppropriate commands for traversal of 3 multi-kevel oet-
‘wk. These communds are operalers in 2n Information
Maeipulation Language (JML) We wie 1he 1erm IML 10
distingiish (rom the Dasa Manipulation Language (DMLY

I

proposed in the CODASY!, DBTG Report.! The DML is
intended to permit uceess, modificotion and retnevid for a
singfe level arlwork data buse. The IML has the more
cxtensive function of furnishing toots far manipulition of
the informalion buse. Thus 1he JML conwine operators for
hurdling iriditidnal DML fuactions™ and operttors for

processing higher kevel record types. The lutler wre dis-

cussed here. :
-7
T,
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In the DML, routines eainl for cremfing & record occure
rence ol o unique loeution dencied by its key, The 1ML
includes wnatopeds roulines lor specifying that un ealsling
record ovcurrence he treuled as morecord rype m well,
There ure four such commands:

CHTX-=Creuie Record Type based an o given Key

CRTR—Creaie Hetord Type bused on the curren
eccurrence of ungther Record type

CRTO—Lreate Record Type bated on the current
Owper of u glven zer .

CRTM—Create Record Type busal on the curreni
N Member of » glven 22t .

Another traditional DML operalor 1AMS) adds & speci-
fled record occurrence o5 & Member of 2 piven Sel. A

similar LML operutor is usgd for widing an’ exisiing occur-
rence af one record Lype & 2 oceurrence of anolher record
fype. Nole 1hat unlizativn of this operalor must be pre-

ceded by v gengrulization of the definition of o record type .

which wius intraduced above (iTe., the definilion is generals
ized by remuvieu the restnciion thar L rin)=i, ¥reX,,
where r,E8,.0. T his operatar is ADRT, Add Occurrence to
Recard Type. and 01 wnes 1he key of the accurrente to be
added. 1n conjunctivn with commands for the Jogical re-
siructuring of 3 aciwork duly base® ADRT provides the
ahility 1o sdd amd delete higher Level eecord 1ypes and add
exiating wovuirences 1o higher jevel record Lypes: wnd this is
wecumplishud withuul dumping umd relosding dala. .

Finally operutiars ure needed for Jdetermining the key of o
record Lype. given an occurrence of the recond 1ype. These
commands xre;

GKRR-=Gct Key of the Record type for the custent
Record occurrence of thal (ype

GKRD—Ge1 Key of ﬂ;t Record type whose occur-
rence is the currenl Owrer of some 321 - -

. A
GEKRM—Ge1 Key of the Record type whose occur-
reme is 1he current Member of some set

These wperalors provide 1the cupachiy 10 proceed from =
lower level securrence e b hipher level octurrence. when
used in conjunction with trslitionad DML operaion.

It mwst be emphunized that the typical user of the query
ayslem aeeds B huve po knowledge of the IML operutars,
for they are aulumutically et up and eaceated by the query
prucessor in Msponse 1o o USEr qQuery.

. ADVANTAGES OF THE RESOLUTION LEVEL
FACILITY

We contend (hal the concepl of resolution fevels effce-
Sively adds n new dimension o the field of information

4

\ " ——

storige. The preceding discussion has suggested a mepay -
for cperadionnliziag Lhis concepl a3 an extension 19 the -
temditionad single-tevel petwork approuch. One advaniage iy
thal mulii-level semantic petworks may be sioned without -
imroducing axymmelry in the inlerpretution and processing ©
of in-sets upd record 1ypes. Since v record 1ype may also be.
defined to be an occurrence of o highei level record type,
the addilion of a record type is trosied by crealing a new
record occurmence ot Lhe next higher level, That is, we
remuove The Jistinetion between duats vilues ond the stnue-
lursl patteérn nccording 1o which data |s arganized. In olhee
wants, 1the 1orms allritute” and “*value'™ arc recognized
ws being relative, 50 1hat what is & value on one level is an
aliribute on unather and viee verse, .

From vne viewpoint Lhis abolishen the special atatus of xn
1DL, specification by permitling record iype definition to be
a dynamik process. Tha iy, the crestion of » new recocd
type is synonymous with the creation of a new record
occurrence of a higher level record Lype. Thus the 1DL
specification of the higheat level af resolulion s effectively
redoced 10 the definition of 1hree recond types {one describ-
ing information ubout record 1ypes. anoither relating 10
informuion about seis, and one with viaricus sysiem infor-
mution®) nnd some in-scis between them, ‘This definition is
always the 1ume regardlest of the content and irucitire af
law er resolution Jevels, .

A second advamage. already memioned In :nnn::nun
with intepration of progrums inlg the jnlormalion base,
congerns u mechanism for handling levels of absiraction in
soltware, A (hird advanmoge is that higher kevel vecond types

. miry be used to characierize sreas of on information base by

usxsigning recerd 1ypes of a parlicelar anca 1o be occur-
rences of a higher level secord \ype: These nreas may be
defined Tor a variety of rewsons (e.g.. for information
securily. 10 denote scenarios, (o defimil fonctional arcas—-
which may overlap. €1¢.), As the information base becomes :

- large and varied in content, this technique may also be used-

to realize ¢Mciencies in path determination processing by
fimiting the scope of petwork mvtrnl o s pumcuh:
information base aren .

THE INFORMATION BASE A3 A DEVICE FOR
SEMANTIC REPRESENTATION o .

With 1he foregoing backpround; we cnn vow nddress the
three criteria proposed by Woods,* which musi be stisfied
by & nolation wsed Tor yemuantic repnoseniation, First ob-
serve That the information base is o 1oud for Lhe representa-
tion of o semantic actwark ti.e., 3 single mechuniam with

. both the ability ta store factual knowledpe and the whiliy 10

model wsspciative connectivns which remler ccrl.mn pun‘e'll
of information accessibie from cortain others), "i"'-“

The fimt crterion of a notalion for sémanlic rcpr:scmr
tion is logicat adeguaey. The ntalion must provide b
exact, formal and unumbignows represenialion of any por-
licukwr injeepretation 1has may be given to & senlence.
Rerzll thai the sentcnces wilh which we are concerned are
those allowed in the quory bingpege Tor degision makers,

1 '
a -
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The information buse wilows a piven quety fo have »
muthilode of interpretations. The query specifies a group of
Aua fiems which muy be rehkued o each other in many .
ways via vertical snd horizont:d linkages in the information
bate. Euch path of lickiges on whick these items lie
conesponds 1o a partieolar inlemretation of 1he query.
I'poa receiving a query which is subject 1o muliiple inlr.r-
pctations 1he query processor prampis the Tystem’s userin
wider 10 ascerlain which inlempretdion (Be.. path) i3 in-
temled, Delails of the munner in which 1his has been
implemented moy be fuund in Relorences 16 and 14,

The second criterien is that there muxi be an algorithm
fer translaling on inbiol query inlo the natation of the
infaemation buse, This ix the centrl function of 1he query
pocessor whose openstion has already been described;
implemenataiional derils sppeatr in Reference 13, The third
crletion, concerming algorithms capable of vsing the se-
munlic representation. has also been uddressed in the
Jiscussion of the query hinguage. Observe that the [TML
provides 1he means lor interfacing algorithms with the
semantic representation.® Alporilhms which have been
used range fron: relatively commonplice report generaters
0 larpe scafe waler qualily simulalion models. ™

CONCLUSION

Ia the beginning we observed that it is the patterning of
symbols which can convey information; a dutum's meaning
derives from i1s contexl, from ils relationships with other
data, Thus when considering the detign sind :‘mp{:m‘:matmn
of syslems for decision support, a crucidl pmnl is the power
of available tools for represepting contexis. The vulue of
wieh sysiems is construined by the **richness™ of patterning
sliowed by their data struclure mechanisms, Observing the
progression from relatively fmpoverished lineur siruclures
10 Irees und networks, we noie that each suge has provided
# more powerul und fiexible 100l for semaniic representa-
tion. In this paper we have introduced ihe notion of an .
information base as a nalorub step forward in 1he contimding
evolution of daia slruciures. An outstanding feature of the
information hase is its accommodation of beth 1he honzon-
ta! and werical integration of information parcels into =
sinple mechanism. An information base implemenation
which bullds vpun newerk concepls was discusyed. A
topic for futere research is the investipalion of un infurma-
lion base implemeniation which builds ppon the relational
dila base nolions." A second distinclive feuture aof the
ini’ormnnan base, namely the integration of operalony into
its structure. was bricfly described, The information base is
utilired by a noa-proccdural, Englishe{ike guery lunguage,
thil has been dcnu,ncd for deeision suppert upplications,
This kangusge, in conjunclion wilh the m:[urma:nm bass, ©

satisfics the reqoirements for & netation for semnanlic repre-
scnlalion. -
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- A multi-level procedure for design of

file organizations

by EIVIND AURDAL and ARNE SOLVBERG

T Unircesity uf Fromdhuiin
Troscth: itn . Marway

J‘. BSTRACT

Tl'us paper describes 2 mulli- lcvtl procedure for d:n;- of
file orparirationr. Necessary descripiion of the appliciion
systems is discussed and a design procedure oulined. Mhe

Imzu'n evels of the desipn procedure are:

» pormalixation of mesEdges,

» cyathesis of 2 logical model of the file organizat 1.

o making & “best possibie™: physical realization { lbe
kgical model using n particular DBMS.

The final solution is evaluated through B perforance
analysis.

INTRODUCTION

The design of large dala bases involves a wide rige of

poblems, from the appfication system :pccll'mm.u lo the
choice of hardware, The work reporied here is riricled
primarily to the problem of desigming a “*besl poss ¢ file
organizalion given the application sysiems rgirievstaquines
menis, and given a paricular dutabase minugem a system
{DBMS} for the implementation. A mulii-level ap,xach 10
the design of file organizations Js propased.
Using » multi-level approuch to the design of I orgapi-
ealions the following udvanlages cian be achieved
1

» Iransparency of the design procedure, i

» efimminatian of nen-eifeclive solutions nl an ey stage,

v hardwarefsollware selection can be posiposcunti! the
" appropeizte design leved is reached.

The multi-leve! dc:ign procedure that is projed here
canmt: nl‘

. spcciﬁcaﬁan of the information processing - hlem,

s Irpnsformation of the specified informalios ructures
inte a fogical model of the file orpanization.

e modincalion of the logical model 10 fit ¢ anticular
DRMS, ;

oo

& physical implementation of the modified mdcl uﬁn: A
particular DBMS.
- ® gvzluation of the final solution using & perfnrmanc:
anniysis.

The various levels of the desipn procedure are described
with respeci to 1he decisions which have 10 be mude an
ench level, the pecessyry specificutions of the npplitlﬁun
problem, and the DBMS specificalions.

THE INFORMATION SYSTEM SPECIFICATIONS: -

We shall concentrare on that part_of the iﬂmﬁ-
system specificailons that are relevant To data base design.
The spevifications musi mode! 1hat par of the resl world'

which we nre inierested in, the ohject sysiem. The object”
system consisis of & linite number urnbgu:u An obfect isa
uniqué part of the rezl world. It is somclhing we are

inlerested n, something we want information aboul. Ob- -
like ..

jects may be concrele as well xn absirct entities,
perschs, enterpsises. onders etc. Two kinds of feaures of
an ohject are of interesk: the properties of the uiluacu and
the relalionships berween the objects,

Objects of » sysiem can be partidioned lnto ulaiﬂ‘ct
claazes. An ohjec! cluss defines 8 set of objecis which, for
our purposc, are mupposcd 1o have o many coemon

properlics and relalionships 1thal we arsign- one common”

1ype of ientifler to each ohject in 1he set,

Relationships betweer ohjects n be de:crihnd hr fm y -'

differemn (ypes of biaary relativas:
111 oue-to-one relation descrives 2 relationship bethl'u:u

an obje! of one cClass and an object of the sume or a
different ehject clusy.

b:r oactoemany refulon Jescribex a rcl.ulun:hlp bt-
tween obe object of vne chwct clazs ond rn._iny'

objects vf 1the 1ame or g Jilferent ehjeet class,
u:l
described above.
many-fy-nigay refution exists i both the relation wnd
it mverse are 1:0 retated,

meny-tu-one religion is 1he inverse of the fin n:l:llmnl

i
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Plgure |—Pgulunt of gn uljed

The different fentures of an ohject s [Mustrmted In Flgure
I. The fMgure shows how ohyecis are relnied to other
ohjecis. and hew Blentiffierliems nnd propeniy-ltems ore
attsehed to ubjecia, The abjee] deacription fy [lustiruted
with un exnmple in Figure 1. The exnmple shows that &
cuslomer muy have o number of orders, The cuslomer i
ident Med by ":untumcr no. und descrihed by the propeny
flems * numc utd “'nddress.” One order Is IdentiBed by

*"grder nu’ nnd hut the propetty {lemn * Il:ltnl wi*' and

“‘wrder spec,”

1a un [aformalion processing sysiem, Information nhout
el world whjeets nre stored in permunend files In x DEMY,
laformuthin abuul uhiegin is exchunged heiween. different
parts of the informeiion processing nystem by eaxchangiag
memmpen diwout hone ohjeels belween procersws. A gon-

vealeal wity of specifying ‘this informutlon Mow may be

Taial S3um

Ovcer Bppe. *
Fgum 1 .

obtalned using Lhe principln of hicrmechicnl sysiems pary-
lloning, This will lead to a levelby-level moe detailed

speciflcatlon of the application system, where the jerminad -

elements will ba subprocesnes and logical fiew,

Wa aholl flustrule our propesul for & multl-lgvel Y-
dellnn procedurs by s cise, which will by a almplifled
model of a warchouse (Figure 3). The sysiem haridles
customen’ oridfers for goodn, [t controls yunntity [n mtock,
wnd I produces refill aeders for the vendon.

Suppose that » further detalling of the ORDER MAN.
AGEMENT aysem fesulls In the subaystem siructur of
Figure 4. The logleal fites “STOCK FILE” and "“CUS.
TOMER FILE" represenl permanenl [nformation, while
the lugical fles "CRDERS,” *“"ODRDER ACCEPTED,"
“"ORDER REFUSED" and "ORDER HEGISTERED™
represent MensAgo cxchanps belwodn procHiics,

The elemenis of the loglend flos can be described by
messagy |ypes. '

If wa suppase Lhat ona cusiomer may pive sevarp] ordery,
and 1hn1 ane onder moy conslst of & number of orderin,
the CUSTOMER FILE elemants can be specified by the
mesEage 1ype; .

MTICUSTOMER FILE):
cugtumer aa, coalomer name, customer address,
{onler no, tuinl price,
{order line no, articla no, ertlcle name,
| fine prite, number ordered)}

b

‘ where l:'itnm’im are undtﬂined and bruckets {" ) represenl

repeaiing groups.
Each of the permanent I!Ilu have 10 be specified in this
wiy. The permanent files arg the basls for 1he design of Lhe

v
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Figure 4—Crderundling sy siem

le organization. Therelore, one has to deseribe the Belivity
eiween them and the infarmatlen system processes, This
can be done with special Lypes of procenses, called rerrieval
processes. Each informalion sysiem process imay contain &
number of relrieval procesies,
Each of the reirevel processes musl be one of 1he
following four flle operations:

READ, the relrieval process reads elemeni{s)
from a permapent Dle,

UPDATE, the reirieval process changes one of more

« properly terms of an element of & perma-

neni flle.

WRITE, the reifeval process stores new el
ment{s) Inlo & permanent MNle. .

DELETE, the retrdeval procesa removes clemenlis)

l'rmn a permunent Rle,

A retrieval process must have exacily specified search
Leye.” The expected rewnlt must also be specified. This
specification may be a description of which parts of the

permanent (e shall e read. or 1L may be n description of .

the messape(s) which shall be stored,

The sysiem of Flpure 4 comaisis of two subiystems,
ORDER CHECK und REGISTRATION. The subiysiem
ORDER CHECK huendlés ordert from the cystomers.,
When an order arrives, the CUSTOMER FILE is checked

sce il the custamer is already registered, [f not, 1ome
—-lian hay to be 1aken, for instance. 1o refluse the order, of
+ o produce u cuslomer number [ue this customer, Before

the ender ean be accepled, an order number hus to be
produced, ond the gquantitivs in slock af the specified
articies have to be checked. This subsynicm will therefore

conisln two retrievid processes, vae for cheekiog the cuw |

tomer fle, and one far checking the mock file, The keys are

denoted by K (=key) and the expected resutt by O (mout- © .
put). ° : ) o

-
St Check custumer-file
Opcrativn: READ
K: —uslomwer name
O —gusiomer no.
8% Check slouck-[ile
. Operalion: RLAD
K: —anicte no.
Q: —quanlity

The system REGISTRATION siores new orders and |
possible new cuxtomers. The regisirutios of new orders can
be Blustroted oy follows: '

£}  Order registrution
Operation: WRITE
K: -—=Cuslomé&r no.
" —order no.

O: —order na.,’
~—total price
~—arder-line oo,
w=prtigle No.
—arli¢cle nanue
—dine price
—numbez ordered,

-fnr each
orderine

If )l the- retrieval processes defined by the mpplication

sysiem Bre described In ihls way, then the application |

programs can be considered to conglst of retrieval peo-
cessed working 1owards a ceatral dota base contnining per-

L1] '_-'

‘manent filey (Figure 3). Through the specification of the-,

application problem, we have now developed u basls for 1he
design of u first fogica) model of the file organization.

el
"

Figure 5" The busla for desigateg » logical Sata bese fodel

1 J..J.
gy '|.

'l:«

aln
|lI

N
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DESIGNING A LOGICAL DATA DASE MODEL

A logical model o} the fle organlzaliva mudl watisly the
fullowing requirements:

* 11 most be entlecly hused upon The information analysls
il.e.. the n privrl knowledge of the application prob.
lem).

o It mum suthfy the requiremenin apecifled in the Infor-
mutien anelysis, ie.,
struelure and the requirements of re)rgvsl,

* [t must involve 4 “hewt possihle™ independenca be-
iween the desigred duta structures und 1he specified
applicalion progrums,

» [ must be envy 1o reallze using uny purticufur DBHS

The design ul‘ the logica! model It done in three st:p:
¢
(1) Decomposition of the message 1ypes
) Syathesls of the decumposed mersages inta » mode
which sulisfica the information fequirements oad M-
nally

1 A modifiention of the model.in order to mtisly the
retrieval requirements,

The decompasition procedure i simltar 1o the normaoliza-
lion procedure propused by Codd.! which results in an
llcmcntury fily sysiem.! The normalizaiion of mettage
typer in o thrvestup procedune:

I. Elimination of repealing proups, hicrarchical sirue-
lures, or pelwork siruciures,

2. Eliminayan of non-full dependence on lh: primury
key,

3. Elimination of transitive dependence bcqwcen the
prapery lerms.

The decompuorition will be {llusiriled with an example, The
pernuinent file CUSTOMER FILE, wis dmﬂbed cazlier in
the fallowing way:

ML, custonter Ao, cuslomer name, cudomer address,
{onder no, lolal price, {orderdine no,
article no. nicle name, line price,
number urdened))

In this case g repeating prowp iy subardinte to anolher

repeating prwan. and the first slef ix o climinale the fira

repeating prown, The message 1¥pe s therefure split inlo the
MESpe Ly pea) !

ML,: custormet no, custumer name, customer address )

Miy: cuttomer mir. onder ao. ntal price, forderline mo,

- anicle no. aricle name, line price,
rumber rdered)

The descriptifon of an order is only dependent on ““order
ne,'” not “easiomer ne” The message (ype My Is there-

4

the reyuiremeniy of information -

fu;'u 1plit into:

M1,
Ml

cuslumer nn, order no

"

An elimination of (e last repeatlng goup results [n: -

Miy: wrder no, 1ot price

Mlge! order o, orderline aa, anicle vo, articls ‘name,
Tine price. number ordered K

In message Mg, there is o trantltive dependence between

the property terms. “aricle name'" is dependent aa "arlicle

rw,'" pot 1he Identifier of the message. The measage type s

therefore 5plit into: 1
. . .
arder mo, orderdine ae, artlele no, line price, num-
ber ordered
Mlyy: article no, article nama

Ml

Using this kind of hormalization procedure. the message

type ME, hus been decompesed inlo the five message Lypes
Mi,. Miy, Mlg, Milg, and Mgy, The decomposition
wat enlirely based upon specification of the npplieation
EyStems requirements, i-8.,
measuge. 1 YPeS. Nurmahmion is & reverslble process, That
means lh;l Lhe ariginal message 1ypes can be reconslructed,
urd thesefore na {nformntian has been Josl,

In the ciample of Fipure 3, the systern coptaing, ia

- nddilion (o the CUSTOMER FILE. also the permanent files

Order na, totad price, {orderllne no, articke no, ard-
cle name, line peice, sumber ordered) . -

et
v

information about aljecis and

-

STQCK 'FILE and SUPPLIER FILE. Suppose that the’

permanenl file STOCK FILE containg messapes which
describe the various uriicies in stock, and Lhat each article

may have severn! subktituling anticles and several lupplieﬂ

A pussible dntumpoﬁlinn mi;l,ht be:

M2 nrﬁdq na, article nnrne. quantity, price
M article mo, articie a0

" MY article no, supplier ne

Suppose the SUPPLIER FILE comsins messages which

describe the vanous suppliers and that one supplier may
deliver aeveral urticles. T?ml supplicr may also have gevenil
refil ordert rc::'st:red " A possible decompotition might be:

‘l;'l.'l,: sipplier ne, |uppllcr Rame, luppllcr n.ddmu

M3 “zupplice no, article ac
MY supplivr ma, refiff order no-
M3 reftil irder aer, aumber wanted, article ne

Some of the mesrage Lypea nre hinoty retations which
represenl relalionships between objects. For example:

"M, custoarer s, order e, represeils & binary relition

helween the ehjects of the ohject classes CUSTOMER and
ORDER, Other menanges may describe Propertics of an

chiect, for example MU, castomer pd, CUMBREr pame,

customer mddress,
Examining the mesange types, one may dﬂtnnlne Lhe
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relationships helween the varions metsages, This will be
fllusirated with example: -

{1} The message lype - .

Mgyt cusiomer go, onder a,

descrides an | <n relutionship belween messages iden-
lifled by *‘cusiemer no™ and Mersages identifled by
o order bo.

In the message lype

M1;  refill onder ai. number wonted, anticle no.

the secondary key, article na," ik used us a property
term. This indicutes an; | refationship belween mes
sages defined by refill order _o™ and “zriicle no.™

)

The tesult of such an expminalica is. illustrated in
Ficure 6. One may observe that ihere are both u 1:n
relationship snd & n:) relutionship between “anicl¢ no™
and *supplicsr'na.” This implies Ihe existence of & n:n
relationship. | .

The logicol model may be represenied in & convenjent
way, using & data siruclure dingrem, The datx struclure
disgram has vwo basic elements; boxen and arraws. Euch
box rcpresents & ¢lass of recerdt (or & filed and cach wrow
represents A meaningful relationihip belween reconds. Such
a diagrmmam may easily be drawn tsing Ihe normalized

T message types. Message (ypes may be repecsenied as
baxes, and & 1:n relatienship is an armew between boxes, A
n:n relationship is represented as 4 coupling (or & relational
file) between boxes. '

A date struciure diogram based upun the normalized
message types of the permanen fides CUSTOMER FILE.
STOCK FILE and SUPPLIER FILE is shpwn in Figure 7.
This is 3 [ogieal mode! which sailsfies Ihe requirements of
the [nformation structure, .

g
o
£ £ g g £
G .
P 2 zi T 6 ¥
s F E
E g ges : £
Cl_.rltumuan. 1in
Owder Nou 1in
Orcer Nou'
- nl
Curderling Na.
-Artieis No. tn |’ I:n
H.i‘illl Order No. n1
Supptier Mo, [_ 1:n |tin

Figwe d--Kelationrhips betworen Wontifiers of te normalited mesges
4

¢

pu j
Toas iy Frier Loy A ich rm
w L
| orewrtina M. Artich:
Do | o Pricn oaphar-
Ly u— h 4 [
Pt Do e Wi,
gy S
Pl Duslery

Figure ?—@ummdw—ﬂhmdmwmm

“
The next step of the desipn proccdure is simed
satislying Ihe relricval reguirements, Suppose that both

4

“pustamer ng”” snd “Tcustomer name’ ore used sy keye by | .

different retrieval processes, and 1kun the response time
requirements exclude a sequential processing of the CUS.

A xearch file consising of “'cuslomer name™ it estab-
lished and 1:p-refuted to the cusinmer fite. Usually, the

retrieval fequiremenls miy he sulisfied establishing search

files in a way similar o Lhe one illusiraled in Figure 8.
Suppase further cxaminatons of the meideval processcs
show that Ihe items ““anicle no.."” “articke name.” “sep-
plier no™* and *"supplier name'” are retrieval keys. Neces-
safy modifications uf 1the logical model may resudl in a data
strutiure diagrum as shown in Figure 9,
A logical moadel has oow béen developed in three design

)

. TOMER FILE. A modificution of 1he data structure dia- -
* pram i then necessary [Figure 8], '

-

sieps. The firyl step. decompositiun of messages, was bused -

on me¢11ape description and ohieer dexcniplion. The zynthe-
sis of 1the decomposed messapes was bused upon relation.

. Purwlpest Karyr T Ham
Coptpemar  Cpplomer Nivw n
+ Catrirer M —
Cistray' Ml i
o or Bl R — o |
G wnlovmen Ak .
L Avaved Fogusimany h 4
. ol “Tovir acirt Fotipstrnd
5 . Curptormin Addrie

"Figure J—Madiflcuiion of CUSTOMER FILE 10 bathly reiceval *

FequiFEmcnds e
1
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Figure S—Fagical muule] wisch satiafie e retoeval requirencal o

ships hetween abjects, hnd the resulling mode? was mpdi-
Med, using information ahout the redrieval processes and the
response time requirements. Thos, u Topical model of Lthe
file vrpunfzation hus been developed, without making any
degisions aboul any paricular DEMS. The cntire design
process it reversible. Thus, the adging infarmation siruc-
lure, can be revonsiructed, pnd the reguirements stuled in
the infoemation anulysis is 1herefoce mti:.'l'led.

FlTTlNG OF THE LOGICAL MODEL TO A FH‘I’SIC.A.L
MODEL

! . . .
The neal <1ep in the dewpn procedure i [o select

pastivalar DAMS. Gnd modify the logical madel ia order 10,

pive a “hest passible’ phy<cal solution. 1n this paper ihe
effurts will primarly he devoled 10 DATG ke DIMS.
saflwnirg prowfuets, bl mast of the proflema will neverihe-
lexs he of 3 peneral chanscier. )

The avallahle DOME may have conuin restrictions, like;

= the DEBMS Jocs nar ollow nerwork-sinsctures, only
Lree-alruciurcs,

o The DBMS allows direct oceess 10 only o limited
number of hicrarchival levels.

& ihe DBMS allows only u certain numhq.r of hicrirchical
fewels

& cumbinaliuns of 1he n‘."l.ﬂ‘..ﬂl'lnlu rm.nlmmd abuve,

Thereforg, |hc fiest mustification of the hogical mexke] Iy 1o

- L

aatisfy the DOMS restrictions. Svhstiutiens of lists by
inveried lista will uspally solve Lhese problems.
The next siep it 1o make certain adjusioents of the .

In,[:n. al model in order to: ‘.
& -roamize 1he aumber of block accesaey, -
pe mize the dais volume, A
» .umize the Lranport of dnt: between mcmory :md

1t Jula files.

Unforinately, these factors are confliciing, and an opera-
Lion which takes all the fuclors into considerilion must be
carried out. One may also notice that the less complex a file
nreanization i, the morc il timplifies such operations oy
initial lsading, recrganization wnd report generating, |

Th:lnpcalmudddrun'bnﬂwrﬂwddcn;nmdth: 1
choice of access paths, Any ndjusiment of the logical model
must Iherefore cither modify Lthe record desipn or the
choice of access paths. A modificatipn of I recard design
which has 10 sulisfy the informalion stiructure requirements
must be 8 choice between gtoring of duplcate data ilem
values or the vse of references. The modification of the
fccess palhs is & choice between 1he use of lists or inverted |
liats, Duplicate s1odng of data will be Wlusirated a3 shuwn
in Figure 10,

* The presenl version of the logical model descritws the
customers as |llustruted in Figure 10(at. Suppose many
relrievat 'prncesnrs gre frequently using *‘cusiomer no™" as
key and waot informatlon about *“custome) pame.” Such a
sithatipn will result in a Jarpe nember of necesses from Lhe
member records to the owner records. An ahenative
versian of the mecond layoutl i lhesiratad in Figure LB),
The item “custumer name™ iy stered in both the owner
records und the member records. Such a salution will resolt
in a decrease in the number of accesses, on increase in the
file xize, und an incrense in the data read and written. In
order 1t find the beat solulion one has to estimate the
decrease in nccess costs versus the increase of input/outpin
and slomge ot

Consequently, st this level of the design procedure, there
is o nced For an anclyxis tool which may be used in making
such extimates. The analysis tool musi salisfy the following

. lat o -

Cunomer Customer
Namg N .
Cusinmes No. ) . Cutanmer Ha.
A ym Curitwrar Mavw
Conomar 't . Curtomer Addrna

Fopury ¥B—Ahcrxive tapmats of e Suskomer e ¢ ':
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condilinns:

# 1 must be possible to pefirm an gralysis without
rmuking any decisions about physical reallzation,
# the onalysis musl be based on a4 description of lhe
lopical mode! and the rermieval procexses.
. @ the analysls must furm a basis for making decisions of
the type menzioned abave,

The fogical model deseribes the file arpanization. and the
relrievel procesws describe the aclivity againg the Rle
organizalion, Consogquently, il is pussitle to deseribe the
aclivity belween the difTerent record 1ypes and 1he activily

between records within Ike same recond Lype. 10 will be. .

shown Taler that such a Jdescriplion I3 uselul in making
-"decisions abgut logicid resiructuring or nboul physical reall-

zozion,
A purt of the order management sysicin deseribed in The

previous sections is shown in Figure [, Suppose the
| Tollowing retrievnl procesa cxisis:
§1. Read order
Operation: READ
Kt —order no -
0 —order no ) '
~total price
—orderdine no ]
—aiicle na ; for each
—arifcle name ¢ orderine
—line price

The process uses *'order 0o, a1 key, nnd its sccess path is
illustrated with a dotted line in Figure |t. Moe may abserve
that the process results in transitions beo 20 (he record

Read Order

s ST

Orders Artheivs

—— —— -‘-;\

515 Read Ovder

Order No,

Order No. -
Total Price’
Orderling No.
Ariicie No,
Lire Prica . I
Number Ordered ﬂ'f'dﬂ e

Figure 11~ Musicaion of the srcess puth of 0 retrieval procens

Fer Each

LI T B R |

types ORDERS and OORDERLINES nnd helween ORNDER-
LINES nnd ARTICLES. Theae fransitions are colled res
trievals of the first Xind. An order will psaally consist of
mare thun one onderdine, anpd Ihere will be Imnsilinng
betweer Ihe reconds in the recond 1ype URDERLINES,
These ronilions nre called retrevids of the second kind,

* Suppose Lhe averipe samber of vrdetines per order s

seven. The retreval process S1 then will resull” in ane’
reldeval of the fira kind bedween user and ORDERS . the

same between ORDERS wnd ORDERLINES, six tetrievals
of -the segond kind within the record class ORDERLINES,
nid finally seven retrievals of the fing kind between OR- -
DERLINES und ARTICLES,

In ovder |0 describe Lhe activity in the data base, one hos
10 know Lhe frequencics of 1he eelricvid processes, und the
scatiering fuctory which are a result of Irinsitions belween
the gdifferent recurd 1ypes. A lrapsition (rom on owner
record type to a member record type results in o scattering
faclor equnl 10 the average rumber off member records per
owner record, [t shoold be vbvlous that iminsitions from
BT to & recond Eype and transions from o member recond
1¥pe & nn Owner yecond type fesull in o scaltering hctur -
equal la ape.

The activily in the data base may be n:pn:unmd in a

* matrix {3ee Figure 12); _—

D

{ond, i=0,1 < -, 1 and j1.2,4040

where
1 is the number of record types '
-, la the pumber of retrievals of the firm kind
from user to record Eype na, J.
~, fm | 2 nan, fu ] 2 e-n und IS i3 1he number
' of retrievals of the first kind from record lypc
) no, { o record type no.,
g i3 the number of retrievads of 1he second kmd
. wuhm record type no. J. .
iy E oy f= 12,0 Is the 10tal number nfrb-

|ri=val: of record type no. J.

Suppose the retrieval process St it initiated IN tlimes 3
day. The example described in Figure 1Y, then resulls in the
relrieva! malrix shown in Fipore 1.

The behavior of 1he retricval processes will be dmrbnd
with a fow more examples. Fipure 04 shows Ihe’ Inpml
mode] designed in an eardier section. The numbers whihin the
boxes are the numbery of the spegific recond types «nd the
numbers oa the amowt are Lhe scaniering facters Tor 1mns- -
. tions from an owner re¢urd 10 the member records. The
pceens paths of four retdeval processes ure drawn oy dotted
tines, The retrleval process 1 hus becn denéribed eurdier, .
and & descriplion ‘of \he remaining processes shown i
Figure 4, iy he :ls follows:  ° i

52 " Read nntumcr ime
Operution: *READ
K: —custamer po .o
O —customer nare

+

1
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* From 1 2 - i - "
9 “ar g “on
i
|
1 u' 1 WII " ) -
'
2
I
1
1
I | saccenm- R
) i
b
'
n um
Wr.y Wy.p Wy .n
-~ h 1s the number of record classes
) 1 the number of retrievals of the first kind from usar
to record class no. |.
Cwy b=, 2--.n, |e3,2,.-,n andit}
ls che n.nmber of retrievaly of thu first kind I‘mm
record class ng, | 10 record clasi o, |,
i is 1',hn number o ratrievaly of the second kind within
* record ¢lass no. |,
n .
“Wr.e I ey, jwL2-7n Jsthe total number of
I=0Q ratrinvals of record

Figurn 12—Reirieval maida

The progeas resulix in one reldeval of (he Nt kind between
USER und CUSTOMERS wad the sime bq.lm.cl'l Cus-
TOMERS and CUSTOMERNAMES.

5t Updale qu.'Lm‘It ¥

Operatinn: UPDATE
K: —unile no
O:  wquunlily

The prucess opadates the mumber of rticho in sk, und
resuliv in ane edirdevid of the Gest kind fiom USER o
ARTICLLS, .

54:  Remove refilt onder
tperativon;  DELETE
K: —refill vnler no
O:  wepealsising tdelelion KMol OK)

clayg na, |.

The process removes & refill order nnd deletes the relation.
ships o ARTICLES urdd SUPPLIERS, The resull is uoe
reifeval of the fin kind from USER 10 REFILL DR.
DERS. une from REFILL ORDERS 10 ARTICLES anmil
on¢ from RLFILY, ORDERS w SUPPMLIERS. Suppos
Ihat, in additkin te the retreval proces.es nlready men

- tiuned, there nre uther retricval prowesaes which complete *

Lhe user's commualzations with the daty buse, A posslhle

retrieval mairs may be the one in Figore 13,

One muy ubserve Ihul = I¥P0 and “h"n This Fradi-”,
cales 1kt “antlele e’ and “anlcle aume™ also should be
slored in ORDERLINES. The decrcase ia 1he numh:r of
refrevals has o be p-.ud !‘or with un increase of the dita
virlume,

Such a mexlificmiion of the opicnd medel results in the
dalyn Mructute diagrum shown in Figure 16, Further exani-
nations of the reldeval mutrix may head to other maodifica-

-
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— .procedure Iy a physical implementstion of the Jogical
Articles modet, This process consisis of foer main stepy
Total T v ¥ * chaice of slorage siruciures Tor the record types,
* physical location of Ihe records,

Figurt |3 =The comiifbugions frem e cetre vad procese 31 1w retrig val

» implementution of the relwlenships berween the rec-
mainiy

ords, .
& deiermination of the fite ditmensions,
lians l;fihl logical model und thus the finzl safution wiII‘bu )
fitted ta 1be selecied DAMS in a benl possible’ way., The physicof Impl“"“"'“'f“" fo dependent an the plnlcn!?r
; DBMS and contequent!ly it 2 nol paxsibl to lormulzte any
general rults to solve the problem. Therefure, in this paper,
PHYSICAL IMPLEMENTATION . \ . ’
The final Jogical mode! describes the fina) record detipn .

and the final access patha, The next siep Ir the desipn
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it will be thown how the problems can be solved wiing a
CHTG-DUMS.

Chevire oof shiscuge Tiracire .
A DBTG-DBMS nllows 1k following typer of storge
sirugiurcs:

s a diregt siruciure (DIRECTY

® a rupitomized strgcture (CALCY

» an index sequentiul structure (INDEX)
* & sequentiul siructure (VIA}

Usvally, there will be ae problem in making a cholee
between lhese airuciures, For example o choice between
direct access and sequential moeess i delermined by the
respunse time requircments, tf direct access js necessary,
one shoutd uxe n direel nlruciured file if possible. I nol, an
index sequentls) or rundomized siructire has to be used, A
rapdomized structiere s usually cheaper than an index
sequentin! structure, Therefore, i 1there is no sequential
searching # randomized scruciere should be used. Of

course, 1hese rules are nol of general validity, but Lthey may

be gaed in most ceses.

Phyalval kxniiun

; The physical loeation may. 10 some eatent, be controlied
h_'r the follawing slatemeqis:

1 .
(i { WITHIN urea-names! [{Ejr::th:‘g-d:m-nnme-i}

THRU Inieger-5 ]}
THROLUGH | | data-buse-data-name-5

The slatemenl may be used 1o specily In what

physical duta filels) the varous rocord Lypes &re Lo
be plnced.

iy LOCATION MODE {5 ViA sel-name-] SET
" M a sequentiul record type has more than one
,owner record 1ype, 1his siatement may be used to

place the member records close 1o one of the gwner

- recurds,
{5y INTERVAL 1S intzger.3 PAGES
. This siatement may he vsed o place member
recends elose la Their awner recond, for example in
fhe sume physical block,

The retricva! madrin describes the ctivily belween records
and i1 muy therefore be o useful wal in determining Lhe
_physical focativns of Ihe recods. High oclivity between
certain ¢ecords implics that they should have physicad
Locutivng close wogether.

Enplementavion of refottonahlos

The implementulion of selatiovaskips between records
fi.e., set types) are dene via Yot struciures in a DBTG-
DAMS,

*& “best posslble'”

A sct may be orpanized a5 & ohe-way or (wo-woy Hat
using Lhe #alement o=

MODE 15 CHAIN |LINKED PRIOR]

- The chelce of st structure has to be based on the descrip.

tion of 1he retricval procexses. High octivity from paniiculsr -
member records (o their owner recond indicates the use of &
pointer from the member reconds 1o thelr owner r:cou‘d
This can be reafized using the siatement :

ILINKED TO OWNER)

Determination of the file dimensions .
The final s1zp it to dercrmine the dimensions nf thn data’
files, i.¢.. determine the parumeters:

» file valumes

# volumes of overflow areas
& vplumes of inden tables

* load percents

+ hlock sires

choice of values for the parsmeters.
mentioned nhove Iy dependent on the panticular DBMS and .
the panicular hardwire used, Consequeatly, such decisions
shuuld be made in connection wilh & performance analyis.
This wiil be further diuumd in the pext seclion.

PERFORMANCE ANALYSIS

An evaluation of the fral solution should be dane using &
performance analysis. The most convenient erlierdon of 1
good solullen is low total cost per time. Various types of
costs which affect tha cholee of flle organieation are;  v:- 0

tlorape couls
gcctld Costy

dals iransfer coata
soriing coxts
reorganizalion cosls

En addilion there will be costy for esing cpu and memory.. .
In order to gel & better picture of the pgrformance
onalysis procedure, s simplificd case, the one-idemiifler
case, will be considered. 1g the onc-idenilfier case the -
cnlire fife urganization consists of o slngle file with reconds
consisling of one idenlifier ilem and one or more property -

ilems. -
[n order 10 develop a cost funrction, Il iz n:::surr o
have Informurion aboul . oo “;

» the retrieva! activily N
# the storage struciure and the dimensions of the ﬁ]e e

* ihe accounting routine of the partikular machine sys-
tem ' :

The first \:1cp is t¢ declde on a slorage siuclure, For s
particular slumpe struciure one May decide on block size
anJ Jnad percent, Those decisions will usually be results of
lecul pplimizationy, depending on the particular ¢ompuler

=
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system that is used. In addition, 01 {3 necessary ta eslimate

the valeme of intemal hoaschecping data in the file. Thus, _

the Fle may be described by the Toflowing paramelers:
¢ number of records ’
» record sire
o block size
¢ {pud percont
s size of pverfTow-aren
* volume of housckecping dnta

Bated on thiv dewcriplion, one may eslimate the averupe
retrioval length tmeisurod in block accesses), Haw this can
be dane for the must cummoa used wonipe structures B
described in Reference 3. Estimates of the averipe use of
memory and CPU fer tach reifieval process must olso be
magde. The relrieval processes are described with the fol-
lowing parameters:

« frequencics

= tie of memory

« e of CPU

* reiricval lengthy

Tt 1] 71 | Progpern
. fi .
lrré I.In-{m - ?
i | LWL
= \
[ kL™
; - ‘.t
Koy fotage ) ]
\ =2 ' :I—‘ ____r-"|
i
B L L ] -

Figume 1T--Mutillsl and inviref st

The parmmeiers mentivned atove 3re bsed A parameien in
the Rezounling routing of u pasticular maching sysicm. and
& price fily be conlpured.

I1 I3 then possible 1o odjusi the fike puramclcn for

9

“example the block rire. and loak il how these uq;u:tlmu.mn'

influcrce the 1utal price. Thus, a minfmizuticn of the cm:l
function may be dune in an llcrgive way.

Scarching in the mulli-idenliffer case meuns 1hal logicul
canfunclivnk between the scparate idenuifier ems have 19
be done. The most common ways 1o implement ¢onjunc-
tiong nrc multilists or inveried Hsls.

Figure 17(a) iltustrutes a muleilst, T1 und T2 are 1erms

_which are pars of the identifier. A multifis consdsts of key-

- ‘\.‘-r‘
. Maln Fila
fa]  Multitist
. | \
I ! ¥ \.“"
'I' d e —
'( i ' ¥
LA { i T2 Myl Fiie_ |
' r
. -
. H 1
R
1 v/ ‘
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i= ™
Lists Lhs '
B}  Ireweged Clis ',
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- k!
tables and 8 main file. A key-table consisnis of one record
for cach key wilue: the property parts of the records
‘contnin & list uddress and @ 1ls) lengih. Tha search method
Ix Lo find 1he biwi addresses in 1he key-lables and then sarch
through ihe shortest linl. The relrleval lepgth wilk be the
number of accesses Lo the key tubles plus the number af
accesaes 10 the main flle,

Figure 1710} Hlustrites an invened list, An inverted list
consists of key tibles und o maln fte, The rosull of
seurching in @ key table is a record of vaniahlc length which
contains wll the addresses of the records i (he maln fila
having spevified key value. The search methodd is 1o find the
record addresscs in the key-lables: then logical funttions
nre compuicd in memory, and the remaining record ad.
dressen are found in the main fle. The rerrieval lengih wilt
then be the number of acceises 1o the key lables plys the
number of agcesses 16 1the main fife.

These lisl struclures consist of separate ang-identifidr
cust problems—searching in key-1ables und searching In the
tain file. Therefore, it iz possible 1o develop » cost
lunction using Ihe same paramelers a3 for the one-idenillicr
caie,

Fig 18 describes the muliillst and the inveried 1ist in
» data structure dingram. The uccess paths ore drawn with
dotted lines. From dala stpuciores af the kinds shown in
Figure t8, it in possible 10 consiruel ony complex data
struclure. aml ony comples dalw sirugiure can be decom-
posed into simple st structures. [t should then be obyious
that o performuncy analysis of 2 mulli-ideniifier caze may
be performed wsing the same paramelers ps for the ones

Fwir brval Proceuset

1] Aetriewnl Proc Parameiws:
« Frmusncis
- Rasrigesl Langiin
- U el CORE
+ U ol CPU

T File Pacamaters: -
+ Mumba ol Recordy
+ Aetord Volurmg
+ Bloch Sy
. « Load Par conil
- Vaolume ol Admlnliiratien Data

{iiy Pasamates Which Describa # Particulir Accounting Routine
Figure th=Nroruay p wussicis o CVTy st 8 perfirmmney ssaltpsi

identifier cate. One should, however, noflce that the accens
pithy af the reirieval processcs have to pe dexcribed, and -
thal the retrdeval leagth, in the mulil- id:nllﬁ:f case, may bhe
wrllien as:

(LITET
where

v

b =1he number of block secessen caused by the relreval

keyt
& ulhe vt er of block secesses caused by the mzhﬁ:h
ing «+ .'astionships

Figure 19 p.- o+ o summary of 1he MCassary paramelery.

CONCLUSION

Tn the previous sectifing o multilevel design procedure fr
design of file organizations hax been developed. The desipn
procedure was based on an inflarmalion analysis of Lthe
application syst¢m. The Informatlon flow was described |
using the principle of hiernrchical aystems pariticning, and
necessary informution was axirucled from the information
anal yris: )

« description of objects and relalionships between b
Jects,

* descriplion of permanent Fles. Le., mestage types,

« deseriplion of retrievy) processss,

A logical model was now develaped in three steps:

* the message types of the permanent fi files were normal-
ized,

* 2 wynthesis of the norm:.ltzd mekssps types Into &
logicn] model was mada,

* the mudel was modilicd In order to satlafy the retricval
reguircmenty,

So far no decitdons about any DPMS huve been moale,
The Ingical mode! was now modified 10 M & puniculnr .
DBMS in a ““best possible™ way, 1.¢.. modifylag the recon)
layouts and uliering the access paths. The record tayout
was modificd making o selection between duplicate storag -
of dutn ar the use of p refercnce, and the necess paths were
alered hy making sclections between Fials and Tnvested
lisla,

Therefore, o phyaleal resllgation In four steps wa done,
Le.:

® choice of slorage strucivre,

= physicaf kacation of the reconds,

* implementution of the relationships between the. rec-
ords, "

-+ determinaiian of the file dimenslon,



The Mz dimensioning wna dune in conncction with a
performunce wnailynis,

The design procedure vutlined in this paper: noeds s
deiniled deseripiion of The various lovels, und further work
has o be done in this unea.

An erpericnce during the work ulremly done wan the
strung need G computer huised lols Tor dogumenting
informution struclures cle., amd for unadysh of DOMS-
schema perfurmunes propertics. The hanis for such k com-
puler-based 1ool (v na autumutic decumentalivn of ihe
information whulysis, Such duecumentalivn systems exist
today. lor esnmple, CASTADYE, which with a few minot
adjusiments would be wetl fitied fur thin purpose. A trans
furmation of the upplicalian syviem ino o loglea] dota buse
moadel wlll be Lthe next siep. 1t seems thal the methual
oullined in thiv paper may be & wselul busis for such a
Irsasformatian algeriihm,

Concerning the modifllenlion of the logical model, an
analysiy tool hny to be developed. Wilth the |afurmation

v mied through the unalysis of the applicatlon sysiem
1t secms possibie 10 develup wn anolysls +oul huﬂd Wpun
activily tween 1 reconds.

Finully, the phydeal reuSleatksn uning u particular DHMS '
has ta be dome, 1 seema that thi eay he done in conmnec.
Hon with o compulerzed performance neabysis, ‘

Considering the obvious pansibilitien of autwinating the
design procedure, (bere seems 10 he good hope ol uhmlu
gewrd resulia in Lhis area in the future,
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Operational software for restructuring

network databases*

by DONALD E. SWARTWOUT., MARK E. DEPPE und JAMES P, FRY

Thy Lindrrraite vof Ve hegus,
Ann Arbww, Riichipan

ABSTRACT

A high-Yevel ““uccess path™ approach lo dalabuse resiruc-
turing is desenbed and conlmsied with the *'clementary
vperniions™'
With 1he elemenlary opsmiions apprainch, restrucluring is
viewed 4% & scquence of basic or "' primitive’ operations
which mnnipulate a source dniabase in wrder 10 conven i1
inta i turgel dalabase. Inthe aceess path pppreach, resiree-

npproach fuken by most restruciusning systems.

arganizition of dala, e.p.. performing parbage callection,

changing the blucking Giclors, amd e st extent, modify-
ing the accexsing mechanism, T our Loow ledpe no-peNcy-
alized reorganization facifity exisis inany dotshase manage-
ment gystem ard, in pufticuler, we wre unaware of a
restrugturing focility which would provide the ...nn.uhlluy lo

" change the logical structure of the datubgse.

turing s seen as the prucess of eccessing a body of

nfurmation represented by the sauree data. and consiruct-
ing the 1argel dalabuse represenlation of the same informa-
tivn. While the clememary vperalions rpproach is useful for
festrucilning hierarchical dutabases. it docs nol gcncm!iu
well for nelworks, The access path approuch is better-
suited 10 the complex structures pnﬂlblt in network data-
hases.

The nccess path approach permits 1he specification of
complex restruciuting transformalions in Lerms of applics-
tivn-orieated concepis such as access steatepies and selec-
lion erileria. A nenprocedural Network Restructuring Lan-
guage (NRL) based on 1his 2pproach is preseared. and an
example of its use in restrucluring is given, The archilec-

ture of 8n NRL-driven Restructurer for retwork dutabases
is described,

INTR{}I_L'I UCTION

Due to the fact 1hat the database design process is essen-
tally an opaque an,’ an impoenaat 100l nceded by a
Dutabase Adminisirstor is @ gencralized recrganization f-
cifily. With such a facility the desipner can adapt existing
database struciure to conform Lo aew information or proc-
€using requirements, For cxample, a New entily or relalion-
ship could be added ta the dulabare siructure 19 satisf y 2

few information requirement, or a new access path could

be added Lo satisfy a pracessing requirement,
Although some reorgonizativn wchemey exist in dolabase
Mansgement sysic ms, they deal primasily with Lhe physical

-_'_'—'-——-_-
" Supported by WAMOCE ADP Déreoorse Defonse Coovmunica ki
Apemey Contract No. DCA 400 100004

In the current stile of the art, the reepgminiion l'm:lluy
has develuped only within the contest of 0 Dala Trunsk-
1or.** As described jn References 2and 6. s Dwa Tranga-
tor is a generalized softwing system L avcepts as inpul a

©osauree database, desenplivns of the wuree finput), tacget

499

{outpurn) dutuhases and the mapping hoiw cen the souree and
targes logical structures, 1tx putput s Lhe rewpunized tarpst
dalabase produced aulomuticatly by Lhe peneralized soft-
ware from the input descripiion. The eaccunon of 1he”
ranstator invokes three major musdules—Reader. Restruc.
turer, and Writer, While 1he function of 1he Rexder and
Wriler modules can be chassified primarily as physical
rEOIRATIZALON OF refurtmuiting, |he primsry purpose of the
Restructurer module is 1o kyically renrpunize the database
or resiructure ik’ Bing and Fry*' descabed 1he physical
reformanting capabilities of the Beader und Waiter through
the logical restruclurng capahililicn which were embodied -
in several prolotype implementalions. In this paper we
focus on the devclopment of # generalized restruciuring
capahility for Ihe network cinss of logical sinuctures. ™ -

4 '

What is resiructuring?

The perpose of resiruclusing i3 1o trantfarm the logical
structure of a dulubuae in respoving o new infonmation or
processing requirements. Navathe and Fry* devwdloped »
eategonization of restiuciuning vperations fur the hivmrchi-
cal class of hygical sniciures. Three fundamental bopical
atructure mudifications wery deflined—MNaming, Relation,
and Comhining—which were refined inte soveral bower .
bevel restructuring operativns, Figore | illusifules 2 few of '
these hicrurchical restructuring operations. The finst part,’
Fipure la depicts o hicrarchicol retatiunship among PRESE-
DENTS. SPOUSES and CHILDREN, The uppurmust box

4



hT0) Mativnal Computer L‘dnl‘trtnct. 197 '

third

COMPRESS

MERGE

PRESIDENTS
FRESINENTS L pnwnm ..
| name ' Bkt
. i {
Spuuse-Ui tren Married-To 'F Marvied-Ta
¥ L

1

i

SPOUSES:
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5':_10:: :l.‘mlt CUILDREN L g name
* name '
PARTITION -
Fwy | —Revireciurisg optrations ' ;‘

or record type.*” PRESIDENTS.* conmains the numes of

the presidents uf the United Seutes, The second Igvel record
iype. SPOUSES, i related 19 PRESIDENTS through 1he
sl type " Marded 460°7 and contains the numes of ull the
spouses Tor vk h prosident. Thus, the set i a one-te-many
mappiag wer o record eypes. Inoa similar faskion, (he
teve! reconl type, CHILDREN, s related 1o
SPOUSES and coniains the mames ol The children bom tw
cach SPOUSE.

tlne reslruciuring operdIon & peirfitioning in whick (he

" type CHILDREN has been partilioned into two revund

Iypes. SONS and DAUGHTERS, baxed on 1he &ata itera
"kex,” Nutice that 1he data llem “2ex’" hus been eliminacd
in 1he togicu) sirzeture of Figure |, since 1his information i
new represented by the targel lugienl struclure. The dual
restruclining operaliovn of panitivning is merging. The

. merging operdion consolidnles oceuwn pees fram wo o

nccurrences wf a record 1y e divided info twa or more .

distinct regord Eypes Moned upon the value of one or more
duta ems. This sperition is illusiried by the source and
1arped lﬂgiﬂllhlmclurc of Ligure | where the source record

*® W Noluea the Tormanedyy of DUTG.”
T For g ouwe ompdeie skesonplioa of U Prhl\.'lrnll-i‘ Ihl.ﬂ'u\c ¢ Relcr-
m: {8

more recerd Lypes inle # single recund 1) pe. often adiling
daty item o the recond 1vpe W proserve informalon prevy
uudy represented by the logicul structure. Merging v

ilusirsted by Lhe source logical structure and the Lupet
Jugical struciure of Figure 1, where the occurrences of l:ht

.Iwu recond types. S0OMS asd DAUGHTERS, have heén

mcrped indo a slngle record lype, CHILDREN, Note. that
the rerms “source™ and “rarpet'” are refative and Jdepomd,
on the dircction of the restrucluging Unimsformation, i
quently. Figure I represents the source Jugical siructore i
the puniilioning example, ond the wrpet Jatabase for Lk

i
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merging example. Nutice the ilem 1ype g’ i been
alded 1o contuin (he infurmation previousy represenied
wmantically by the soarce logical strociure of Figure 1.
Amather form of Testruclutng involves the eompression of
jwet of miore hictarchicsl lvels jat one, This example s
usirated by whe source and tarpel logical strucluge of
Figute ¢ whwre the Two source reconds, SPOUSES and
CHILDREN, hove been compressed inio o singhe recond
type. SPOUSE-CHILPREN. On the re¢ord wocrrence
fevel, this operifion would be acenmpished by replicaling
fhe astoctaled SPOUSE recerd ovcurrence [uf fvery
CHILD reord occummence. The dual vperation. expansion
expands one Jevel of hierarchy inle twe o1 more by
factoring unt schecled dala flems. This procedure is lluse
traled in Figure ) where the SPOUSE-CHILDREN record
1ype has Deen factored inte twi Irvels.

Netwurk rextevcturing

Alwhoogh a vomplere categedzaion of such operations
has peen established for the hieruchica) class of strue-
lures.? resiruciyring operations mre Aol ncardy as ey 1o
classify fn the network ¢lass ol kopical stucluses due
primarily to the varicty and complexily of the sifutinres
invglved. For example, an imporfant neiwork testructusing
operaton, changing Hie mplomesinlion of ataay-to-many
refationships, is ithesireed by the restructuring transform of
Figure 2. The soucce logical struciure represents infacma-
lion on studetus, their toss slanding, all ceurses taken by
each studept. and 1he Tinal grods received in #ach evurse,
The tapet logical strdcrure Fepresenls esactly the same
informmian excepl thatl the association bebwoen students,

. course, and grades is achigved usiog a LINK record 1ype.

This eaample s rypical of the restruciunng opemtiuns
whick may be pased in o network envirupment, Lhose
which invelve several regord and sel 1ypes.

Ancther exampie, whith mighl enhance pricessing,
would be the additivn i indexing seis or revord iypey. This
couatd be achieved by mipraliap vhe daia iem “class’” 1o the
record type CLASS-STANDING, which would serve lo
scpment the students into praduate, nderpradaate., special,
foreign exchange, tic. [Figure 3). Notice 1hat this operution
iz acisally expunsion porformed on & hiccarchical subsine-
wire of the targer structure of Figuee 3, namely the single
tecond [ype STUDENTS,

[T R RLTER Y ) Fhhpd b D=l kR Ve L

Akl 11 . Wy W e [E LT ] I
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CLASS-STANDING )
b Y
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¥et anpiher imponant nelwork coptiwcturing tapability is
the obiiity of the restrucinting moctss Wy axtract pat only
datn which exisls explicitly ip the soufte dalabase. bul also
that which exixts implicity. i.c.. e informarion which may
be inferred from the pciun! source dala. An example of the
difference betwren implicit and explicit infurmation i de-
scribed in the hyputhetical resteuctering tramsform of Fig-

“are 4. .

The exnmple descdbes 3 sooree dakibase cOntaiing two
record lypes, PERSONS and LINK. The PEREDNE recaed
lype contuins'name and sex iem 1ypes. while the LINK
record typetcontaing no datn but prvides redutbomship
{nforsmtion in confunciion with setx PAREMTS and CHIL-
DREN. The targel siructuce wlss vorains the PERSONS
record type. and construction of tarpet PERSONS rvconds
invalves the exiraction of dma explicilly resident in the
source file PERSONS record 1ype. In conlrust, targes
record typet PARENTS and GRANDFATHERS do not
correspond dircctly i¢ any soume file revortd 1ype; they
comtain infurmation which is represemied implicitly in the
source fife. Needless to say. this ransformition cannol be
described by operations on hierarchical subsirucienes.

In 1he next section. we review the previous work in
devetoping hirrarchica! restruciuring capabilities through
specificstion of elemeniary operutions. The Whind section
tomprises & discussion of 1he actess path appraach neces-
sary 10 achieve o netwark restrocturing capahility, and 1he
fourth scction describes a Network Restruetiring Language
bascd on (his approach. The implementition of the Reving-
furer §s discusted in the NiNh sectivn nod the paper con-

cludes with our observations on buildiag and wiing resirse- -

farers. . - -

-

An interecting anulopy exists hetwesn mesiructucing sym -
tems aead Riph-devel query systems. la Gst, one vah Cone
sider 3 guery 83 4 resfricted regtructuring wamformation in
which the huget fs nol 3 dasabase but some uther form ol

~
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information representalivn. Fiflicienl, cisy-10-use query
Linpuages Tur (he hierirchical class of lopical struclures
fave heen buill through dhe use of clementary openinivas
anul hirve boon in evislence for some lime,* These systems
allow w wser e specifly o seyuence of chementary Jperikons
o hicrarehicad siruciures which will accomplish ks query.
Such languapes are casy b lean and use wince they employ
a few rather simple operalioas e porfurm most gquenics (o
tierarchivid siruciures, .
Several reseirch eMons have addnessed 1he problems ol
restruclunng and restrocruring Lingaiige specfication frum
the elementary opertions point of view, CONYERT. a
high-lesel transbiation Linpuags, provides a gencerilized ee-
structuring eapability for hierarchicil structuees, The up-

prsich iy based upon the comeept of o “dala form™ in |

conjurtion with a sel of revructuring functivas called
“Ioem gpetutions.”” Shashani' Lukes a similsr approach 1o

+

-

TARGET

sysicm

People

rerRsons T

L name sex "

.q--"JJ.- T

MR T RASA ..f,..f,a,...

GRANDFATHERS . _;"_. o

Fipury 4-..t|nphc1-| daia ¢ atraction ;

-

r:stmciuﬁng whergby o et of “conversion funclioas™ i
used 10 specily restructusing operntions,

In |he clementary operations approach. the source data-
base is considened [0 be 3 cullection of dala in a specific
kigical structare and format. while the tarpet datahase b
viewed a8 essentially the same data, but in a different
bpical siruciure and format, Resiruciering, therefore, b
runsidercd 10 be the process of munipuliting the source
datr (o conform 1o the tarpet bogical structrre and corres
spundmi. format. Cunsequently, restructuring rescarch ws-

ing this uppn.uu.h tums lowaunl The development of fow- . -

keved or *primitive™ operations which 1ransform. cecur-
reaves of une Jugicul siruciure 1o another, One advaniage of
_such an approach is that 1he architectuse of the resinactur
“ing sofiware system is greatly simplified: il defults to 2 scl
of low-level subroylines which correspond directly 10 the
elemenlary operstions. Thus, B festructuring specificafia
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cansists of a sequence of primitives which may b direcily
converted 10 1 sequence of subronting cills which perfivm
the acival resructuring. Unfortunately, the user is mo
shiclded from any nspecks of the restruciuring: he must
ihoroughly understand ihe funclion of cach vperalion in
order 1o be able 10 use it Conscquenily. the Linguage,
although hiph-level, s1ill requires the ver po Irene nesirug-
luring essentially ax a sequenve of low-lovel steps,

Eeveral other problems arise when the clementary opera-
vons appreach is applicd 1o resinueloring neiwork dara-
hiases. In peneral, clementury opemtions e designed to
aperate on small, legical subsiruciures consisting of vac or
two recond 1ypes ond a s€l, Lo produce 1 new, logcal
subsirucicre. Due o the limjled oumber of opcrations
which may be defined. only a finite number of source

substruciores can be valid candidales for restrucluring. The *

more complex the structure, the greater the probabilily that
it will contain substruclures which wre nol valid candidutes
for the st af avaituble pperalons. Consequently, the re-
tructuring capabilities of clemeniary operaliany dectease
a5 the conmiplesily of Ihe structure increases. For this
reason, elemeptary operationa are nol particulady well-
suited to describing restruciuring rransformaticn upan com-
plex nctwerk logical structures. Tn addigion, a complex
retlmuciuring transfermation fassuming that it may be per-
formed by the clemenlary operations) will require the
specificatinn of a complex sequence aof elementary opera-
tians which is difficul| to analyze and (o underyiand,

Another class of resiructuring transformation s that is difli-
cult 10 accomplish with clemenplary operations i the cxtrac.
tion of implicil information. We have pointed out that such
iransformations (a5 in the example of Figure 4) cannal
wsually ke deseribed by A sequence of operations on hierar-
chital substruclures. Furthermore, clibough they may be
deseribable by sequences of elementary operationy on net-
work subsiruciures, such descriptions are penerally long
and complicated. There is also reason (o believe 1hal, given
fime, designers of neiwork databases will produce enough
intricate methods of storing informatian imgleilly 1o ex-
haust any set of elementary operalions.

Feoliowing our anailepy, il has been found [o be extremely
difficult 1o geacralite the elemenlary operations of high-
level query systeins 1o network ditabases,'™ The elemen-
1ary opcritions appruach 1o developing a query sysiem for
network databases temds 10 be [ess powerful and much
more cumbersame than its hierarchical counterpans. In
general, they seffer from 1he same problems cited sbove—
limited allowable inpul structures, overy complex specif-
calions, and dillicultics with link records and asher implicit
information siofape lechniques. The high-level acerss path

approach 1a restruciunng grew adl of allicmpls to developa .

restructuring strilcpy mure suited ta nelwork dalabases,

THE ACCESS PATH AFPROACH

Following the current irend in hosy lingunge daizbase
systems which process Lhe network structure dutabuses, we
chose the high-fevel ““ageess path™ approach to restructurs

r

ing. The source dutnhuse is viewed as & body of informa-
tiun, sume of which ix represented eaplicily by Uata, and .
some of which ix represeniod implicilly, i.¢., may be
inferved from the Jola. Similady, the tarpet dalabase is
considered 1a confin a sabsct of Informatlon Fepresented
by the source: thin data s created from infermtion pro-
vided by the sowece Jata, Executing i restrugiuting inns-
formuiion, then, is simply the process of Iraversing the ©
spurce database to ohigin the information n¢eded to create
the Iargel dakabase. and storng B sccording 1o thy larpet
logical structure, There are apmerous consequences of this
approach. For une, sescarch in restrictuning specilcativa
Lzma woward 1he development o resirucluring specification

.knguapes tascd on the concepts of accesa strategies and

seleclion erilena. Since this orea is fosely rehied 10 query
languape development, certiin concepls from previous re-
search in This area may be utifized. A secund consequence
of the uccess path wpprsech i manifest in the octual
reslructuring alporibm Jdevelopment. Restrucienng tech-
nodogy Ierns toward 1he devclopment af algonithms which
efficienlly and cahamslively aceess the source datubase and
pecform 1ests upon Ihe data, following exlernally specificd
pccess siratepics and tes| criteria. This ix a radical change
from the elemenlary upenitions approach which rends 1o

" develop low-level subreutings.

The most importani consequence of this spproach is that
il produces powerful pererlized network resiruciuring ca-
pabililies. Sipce restructunng is vicwed g+ mn Operafion -
which accesses informalivn nuather than manlpulates data),
the appmach s unaffecivd by the fogicud steuCiure of the
datnbase. This independence from the logical structure
ingtrzy that essentinlty any dinabase is 0 valkt candidaie for

reslructuring, regardicss of the complexily of the logical

struciure {hierarchical, nerwork . et b, Furthermore, source
and turgel logical structurey need not even remely resem--- .
ble each piher since the 1ange: is derived from infofmation =
provided by the source miher than from the tource strue-
iure fisclf. Afso tunlike the ckmenlary opersiions zp-
proach). implicit infurmalion may he exiracted and restruc.
wred xi easily as esplicit infermetion fas in Figure 4),
Thus, caplicit infornyition may b:cumc implicit and vice
versa,

Fimally, the sys:cm it mb-:r:nlly simple. Assuming that
the user has some familiarity with databases and applica-
tion1, B restruciuning specification anppe based on xppli-
catiog-oficiled comwepn such o3 access struteples and
selecilon eritena should tw eantly understoext, Furthormore,
singe all restructunng operalivns ate expressed us infornap- -
tion accessing problems, confusion dees a signifleuntly |
ingrease oy the compleaity of the resineciering tranderma-
tion ihcremex, An algorithm designed to curry out this |
procesy is also simple und 1herefone, slrmghmn'-ml and :,
dependable. Al restructunng is porfosmed jn an identicat
sequence of steps, regindlvss of the paniculur runsforma: *
tion: {1} exhaustively access 1he founce data uccording lo
1he mecexa specificatjony, §1) rest data based on sclection
criteria, s (3} Create largel recond vecunrences conlaining
the refevont datu. For a2 mure cumplete dm:uumn ol th: :
theoretical foundaticny of 1his approach, see Reference 13.

r 4
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A

NETWORK R[-'.S*_I_'R UCTURING LANGUAGE
Architecture

The archilecture of the Noiwork Restructuring Language
is based upon the hiph-level specification of acecas paths,
The major components of the lampunpe describe access
sirafegies and selection critenia. Access s))ateghes are_de-
scribed uting an Access pach stalement which specifies the
Iraversal scheme required Lo oblain data for cach Larp.t
record Lype, The scleclion crteria eslablishes the souy s
{ond. indirecily the largety dara requirements, It woudl. .
beyund rhe scope of Lhis paper 10 descrite the NRLin ;-
detatl. A complete language s pecificulion may be foun
Reference 14, However, 1he major points of the Lappui.rv:
will be deseribed.

The NRL is essenlially a block-struciered kinguage in
which each "*block™ cuntains a single rarger record siate-
ment, There is one targe1 record suement For each record
type in the targer database. This siruciure reflecls the
access path wpproach for the fullowing reason: cach tarpet
record Lype is considered (o represent a cerain quantity of
information which may be ohiained From 1he source dain-
base: tonsequenily, each 1arper record descriplion contains
the specificutions for the source datebase accessing seheme
as well o5 the selection crhwerin. The second level of
struciure ia the NRL &s the torges set Statement (32 Figure
5 for the NRL siructure). Euch targel record sinlemeni
includes one or more tarpel set statements whick ilentily
the seix af which the 1arpet recond Iype is 3 member. The
" third leve! of NRL structure i the aecers parh atalement.
The access path slicmem specifics exactly how the source
logical siruciure is to be traversed in order 1¢ obtain Lhe
information nccetsary 1o create an occurrence of the tarpet
record type. There may be many individual access path
spalemenis—ane o more for euch Lirger sel stalemenl—
since the infurmittivn which contributes ta the darget recard
. Iype may come from severu! dilferen] source record 1ypes,

TARGET RECORD STATFMENT
TARCET SET STATEMENT
AMUESS PATH STATEMENT
HEW TARGET FTEM STATEMENT
ROURCE RECORD STATEMENT
ITEM GUALIFICATION STATEMENT

ITEEM ASSIGHMENT STATEMENT
. .

*
SIUNCE RECTRD STATEMENT
*
. .
ALUCHESE PATH STATLMENT .
.
]
TARGET SET STATLMENT
.
-
TARGET RECORD STATEMENT
"
-

Fapuit 3 —Etruciuns of NRL spevification

There are \wo Lypes of NRL statcments sl the fourth Jevel
of siruciore: he pew targer ifem statement, and Lhe sounce
recurd stnement. There may be zero of more new target
item statemcnis for each access path stalement, Such 5
staiemeny indicates a tarpet item which re¢eives n constzn
value each lime a tarpet record occurmende is conslrucied
using the specificd access path, Since mocess paths indicate
slrocture in the source dalabase, the new ilem slalement s
usefu! when informulion represcealed wemanticslly jn the
source struciure is converted to octual data vnlucs in lhe
targel siruclure.

The sccond NRL statement at the feunh level of struc.
ture is the sowrce reroed storement. The source record
slatemnent identifies the sourse record(s) on the access path
which will be used in the ¢reation of a target recond
occomence. o ablain jtem values andfor 1esi Lhe sounce
daia, There may be one or mone source record stalementy
for each nccess path stalement since dala may be obtained
of examinéd from several different source record types.

Furthermore, euch source record type may be optionally

assipned an fnderrnumber. The indca number is used to
identify uniquely a source record withia an accest path
which cycles™ or “'loops™ back on iaelf sueh that the
uame source recond type appears more than once. Finally,
Ihere are 1wo stalement types at the fifth and final level of
NEL structure; they are ¢alled the irem gualification siute-
ment, and 1he irem assipnmenat starement. lem quatifica-
tion sthiements are used to estublish (he selection crilera
used in lesting Ihe source data. Consequently, one may
specify a constant valpe 1o be compared apainyt a source
ilem vilue which will delermine whether or pot a Laspel
record ecenrrence is (o be created using the curment set of

source dala. The item aysipnment sialemest i used acpually,

10 obtzin the source ilem values and assign I.'hcm tn the
Proper target items, .

It should be noied that the NRL does nol exphﬂt!y
deseribe the logical struciure of either ihe source or target
dalabase, The Michigan Data Transluor obtains appropri-
ae descriptions of the source and turpel dutabases inde.
pendently of the resiruciuring specifications. The NRLL
therefure. deserihes only the information relevant 10 1he
actual transformalion from source 1o 1wrpel. and assumes
thal Ihe Jogicw! siructures of the databases hawve heen
previously defined and are evailuble 1o 1he Restructurer.

Aa NRL resicucturing rmmp.l‘r

The NRL example has becq chown 10 illus:lmm the
caphility of 1he language 10 specily rextructuring capahili-
lies which may n he readily classified in terms of hicrar-
chical strectlures or clementary operations. The examphe
invalves the extruction of implicit information from 3 nel-
wuark struciure nnd ix taken from Figure 4, This example is

- feproduced in Figure 6 for convenience, The NRL required

tu acenmplish the segessary transformation J1 docomented
in Figure 7. The form.of the NRL has teen simplifivd
stightly for clurily. The block struciure of 1he Linguage may
be casily obscrved. Booause there ore three target rocond

n
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types, there ace three targel técord slalemenls, Stulemend
#2 hegins the NRL deseriplion for targel record type

PERSONS. Since PERSONS is a2 member of only one set

tfrom the systen necess levell there i only one tpet st
slatement (#3). Slatement #4 specifies Jhe source access
, ath 1o be used 1o locate the data necesrary to creale the
till'f.:ﬂ'l record Lype., ACCESS PATH=PEOPLE (PER-

S0NS) describes an access path from the source SYSTEM -

node along ser PEDPLE 1a record 1ype PERSONS. Siule-
mend #3 §5 the source record slalemenl 10 indicate rhal
srmirce recoewrd type PERSONS s to be used 1o obiain
infortation. Statemenis #& and #7 are ¥em assignment
statemends which indicate that the values in source item
types “'Rame™ and “sex’” are to be assigned 10 1he 1arget
item Iypes “'name’” und "sex.”t

The NRL dcscﬁpliun' for the second record type,
GRANDFATHERS, heglns with siatement #8, As befure,
lhere T8 unly one farpet 1et statemen) |49 because the
recond Lype is A member of only one so1 (GRANDSET).

Etalemenis F10, FLI, and 172 spocify the sourte dcss

path 18 be used to ohtain the qcsircd imfirmativn. This
. mceess simlegy may be summarized as folfows. The LINK .

record type in the source mastels the refation between- -

parents and children, Given a purticidur PERSONS revond

occurrense, one May sccest all of hisher parcnls by using ' '
the set Iypes PARENTS and CHILDREN in conjumclion -

wilh 1he LINK recond type. One similudy obiains all
prandparcnis of a persen by accessing all parenis of par-
cnly, The accexs palh statement on lines #10. F11, and #12
detiribes the essence of this simstegy: use sey PEOPLE o
the PERSDNS record Iype. then sey PARENTS (o the
LINK record rype, then ser CHILDREN back 10 the
PERSONS record iype, then set PARENTS back 1o the

LINK record 1ype, and flnally, set CHILDREN back to the .

PERSCNS recond type, Notice that the source re¢ord (ype
PERSONS js used three limes in the access pith specilica-

finh: ONCE as @ person, onge &% 2 parent, and ofice as &

grindparent, Coansequenily, 1the source record sintement

t
i

{#13) must indicate which source group PERSDONS nto be, -

used, Since the PERSONS recon! which represents grand- |
parerys is the fifth record on the Becess path, INDEXwS |

makes the necessary dislinction, Stalenwnt # 14 is an iterm . L

qualification sLat<ment which is used 1o scieer only mabke
grandparenis to yield grandfathers, the desired 1hrpet rec-
ord iaformarion. Siatement #15 assign: the value in the
SOUFCE item type **name” to the Laget ilem Iype “name."

It should be clear that the wargel record iype PARENTS

I HWRL . .
h TARGET RECOLD FEXSONS . L. i
- . »n TARGET 5FT PEDM.E -
H ACCESS PATH = PEOPLE ¢PERY 2'o4)
3 SOURCE RECORD PERSUN: °
&) , NAME = NAME ) ot . .
¥ m IEX = SEX
Lo n TARGET RECORD GRANDFATHERS -, . .
» TARGET SET GRAWDSET e s e ame = s
1. ] ACCEES PATH = FEOPLE (FERTOINSL. FARENTS (LINXI. ' ) .,
k ;: CHILDR EM (PERSONE), PARENTS (LINK], )
1 .

1) - SOURCE RECCRD PERSONS, INDEX = § .
. ) SEX QUALIFY IF = "MALRE"
i m NAME = HAME . -
) YARGET NFCORD PARENTS * ]
m TARGET KT PARSET .
11] ACCESS PATH = PCOPLE |PE nmusu PARENTS (LINK), A
" CHILDREN (PERSONE). " ; g
. , ] SOURCE kECORD PEREONE, mm—.’x -1 . -
m NAME = NAME .
3] 5EX = SEX . )
1) END NRL

CHILDREM (M RFONE).

) ;l;lul.—nuwmh ' '
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is ercated in » munner similar W thal of GRANDFA-
THERS. except that the acgessing sirmlepy Is simpler and
no selegtion cnlerion is required.

OPERATIONAL SOFTWARE

‘There are busically Iwo approaches Lo implementing the
meodules of o dista Laanslalor: gencrative and inlerprelive. 1n
the penerslive apprwch each moedule geperates an object
program which, when exceured, perfurms the desired fungs

tion uf lhe dala rinslator. The sdvantipe of this approach
is 1hyt efficienl machine code may be peperaied for cach -

application or functian. This cfficiency may be imelevani,
howevel, sinec lranaforosnions are marcly execuied more
than unce. The disulvantage of this approach is that Iwo
phases (code generation and module execution) are -
qQuired 1o garive a1 the linal result, -

. The inlesprelive approach consists of 3 1ahle-driven pro-
grvm thal is applicable tn al) potential 1nmsformations, The
disadvuntuge of s upproach is the passible inefMiciency of
a penchild purpuse interpreter. However, the program is
cazigr (1 undersiand and debug.

Rexrrwelvirer despn deritions

Dverall, ahe hasic desipn objective of Ihe Michigan Data
Trand.dar Is e provide an pperational sofltware gysiem for
demunviraling. 1esting, and validating research results an
o eencrulized ity translators, The primary design gaal for
the Restructprer module is the incorporalion of peneral
network restructuring capabilities.™ Due 1o the proloiyps
nature of the 1ask, and to reduce the imple menrafion lime
and enhance the experimeniation and validation effon, the
simplest ind most sivaighiforwand afporithm was selectied.
Conwquently, litlle emphasis was phwed on exccution
eflicicrwy. Efficiency development was Left to furtre ver-
sions o the Michigan Data Transtator.

The decision Lo use on internal DAMS as an implementa-
tion hwol was made exry ia Ihe design process. N reflects
the novd for an environment in which sysiem tables are
sharcd by iranslator modales, and change ofien in size and
complenity. In addition, sinee the Michipan Duta Trinslator
wits developed in a research enviranment, the Lable desipns
themselves were subject to change. Therefore, sume degree
uf centraliration. integrily control, and data indepepdence
for ayslem Libles was cleary necessary, The transkilor uses
ARRMN. o DETG-1ype DBMS developed o the University
af Michigaa by the 15DOS Erojea,™ All dutabases, excepl
the source amd farget datahases, ane ADOMS dalabgsey,
They are maaimsliied by ADBMS “werbys' which fuke the

form of subroatine enlls.

Another Jesign Jdechvion to provide penerlity and to case
the complenily of the Resiructurer's implemeniation re-
sulied in the dewvelopment und uwe of oo intermal data
form, 24" Ax summarized eardier, (he Reader module inthe
Michipin Dula Traaskior accesses 1he source Julabise and

converts i1 into the inlerngd Tormal culled the source Re-

- e
'

structurer Fmicrnyl Form—source RIF. In addition 1o main.
1aining the lopical sructure of the source database, the RIF
datahene has pdditioaat system access sets 1o ¢very fecond
type which fcililales fast access by the Resiructurer,

Resiruciorer slfporithm o

The function of the Restrugivrer algurithm i 1o provide
all the restruciuting capabilitics discussed in the first pan of
Ihis paper. Since 1he Reader and Writer modules isolale Lhe
Restrueiurer from the source and taoget dalaboses, - Lhe
Resirpciurer aeed be tailored unly o handle RIF databases,
The Restruciorer, then. is esseatially on ADBMS-specific
dalu imnstutor and is direcied by the comients of the NRL
tibles, The basis cyche of the Restruclurer is divided into
five phases as indicated in Figure B, -

During the first phase, Tarpe! Controd, the R:::mcl:urer\
delermines the pest s1ep in its traversaf of the turgee Jogical
structure. Thut 35, & tafget setfrecord pair is selecied for
consiruction, assis a current mccesy path 10 direct the
construgtion proceis. The paths that the Restructurer lakes
in tmversing the tarpet database are called ““¢construction
paths,” They are defined impliciily by Lhe TARGET SET
and TARGET RECORD sialements mpplmd by the user in
his NRL specification.

D.Tng lhe Source Accessing phese. the Restructurer

INIT - .

! . L

o4 TARGET CONTROL {* -
)

SOURCE ACCESSING £o=

L .

: QUALIFICATION

[]

mnsmucriqn

) " " LINKING ' ;

" Figurr I—Rosruciums bhock dispras ¢, -
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determincs the real step io ity iraversa of the source RIF,
at tndicated by the curmemt acceks path. In cssence. wn
pecess faath i a cuntinoous Jist of seurce relations which
indieates the location in the source of |nl'urm.|liun reguired
o credle o IFpel instince.

The pumpose of Source Accessing u te oxhaustively .

search for every potentiol tarpet record ogccurrence 1hol

could he creuted from The recerds on 1he Source uceeNs

path. When o new recend goewrrence i founsd. The Reatrug-
turer enters the Qualificoiion phose. 17 acne is Tound, Lhat
iy, when the dcceas path has been exhauslively eramined,
the Restrugiurer relums to the Tarpet Contral phise,  °

I is during the Qualification phase that the Restruciurer

implementy the user’'s “selection criteria.”” The soufce
recoed oocurTences of the current sourcE pocess path are
retfieved and all specific ilems to be qualified are 1ested
againgi the values speciflivd in the NRL. I off of lhe
occurrences pass, Lhe Reslruciorer enters the Construction
phase, Otherwise. the Restruclurer retums Lo the Source
Accessing phase to find another access patk, -

During the Construction phase, source record octur- -

rences Along the curfenl nccess path are retrieved. Dala
ilems are extracied, conversions are performed on them us

necestary, und they are slﬁrtd'in:n # tew largel recond:

DCCUrTRNCE,

The Linking phose is the most cumpl:: phase in the
Restructurer cycle. Hasically, lis job o o c¢onnecy the
oewly created Lrget record occurrence on all nppmpni:e
targe se1s. This is no simple task because;

I. a1 any given moment. all potentia! parent record
n-cr:um.ncc: May nol exist, .

2. a record vccurrence may be incomplele bccnuu It
may oblain partial data from each of several nccess
paths.

During Linking, the Restructurer relies on user-specified
primary key flems for determuning whether fnuances ore
upique. Each time a target record occurrence (5 created. Lhe
Restrugtiurer musi cheek all the records in the record type
and compare keys wilh the newly ¢realed record. As may
be obrious, Lhis i3 not efficient, bul is pecessury given Lhis
particular implemcnialion. Upon completion of Lhis phase,
coairol i3 returned to the Target Contral phuac.

Restructures Implementation :

The Restruciufer was wrilren pnmnnly in ANSI FOR-
TRAN to simplify coding and maximize program poriabil
ity. In addilicn, some routines were coded in. sssembler
hngu.up: to peiform specialized funcliens not easily accom-
plished in FORTRAN.

Appraximplely 5000 lines of FORTRAN code were res
quired 10 implement the promtype Restruciirer, [t mm in
WK words on a Honeywell HB000, and required approai
nately 10000 CPU secunds to conrstroct a larget RIF
database containing 2500 record occunmences, nn average of
4 secondSrecurd. Unforiunarely, the Reslruclurer’s execu-

lion lime was found to be propartional 10 the xquare of the
number of target revord awcurrences, and an uverge of
1500 secondsirecord was prajected for o firgel dalaluase of

_ 150,000 record occurroncet,

SUMMARY, PROBLEMS. AND CONCL.USIONS

Two appraaches tn the consinuction of resirucluring e
puapes and software for aciwork datghases have been
presenred. The elementary operslions approoch, ollbaugh
effective with hierirchica) diabases, does mo extend well o
te nelwork databgses, The nceess path approach, in which
all source siructures are trealed in the sime way, is more
rxturplly suiled 1o compler nelwork, lnmafurrlmtg'um und

- powetful restructuring ¢apahilities wre vbitined.

A Network Restrucluriog Language (NRL) based on the

' hlgh {evel specification of accesa puths was developed. 1t is

esentially non-procedurul, und ils basic cnastructs—access
paths and sclection ¢rileri puft fnmulmr 1o usera of nel-
work databates. These fnclors belp to muke it generally
user-friendly.

The architecipre of an operaional NRL-driven Restruc-
turer was discussed. The internal DEMS weed 25 an imple-
mentation (ool proved vatuble in the consiruction of the
Restructurer. It alfows Jast-minute desdgn chuages to he
incorporated casily and provideés a facility for Waing inter-
nal datz menagement, .

Expericnce wilh the Resiructurer has r-:venl:d two major
problems. First, 11 noled above, execuiion efficiency was
not & primary cencern in i1s design. It was expected that the
prototype Restructurer would be wlow but pructical 1o usa,

. &nd thar #fficiency snhancemenls would be huilt into :ubsc-

qQuenl versions. Unforiunalely, exceution time was propor-
lional to the square of 1he number of Lhe larget record
instances. The core of the prublem wus the alponithm
chosen for dhe Linking phase of restructuring, which led 1o
a very large {approximately 3000 FORTRAM statements),
very slow Linker modJule.

Secondly, although the condrvetion of larget record
instances waa casily spociffed in the NRL, ihe means by
which target scts were elablished was Gguile opaque. In
fact, it required a user wriling NRL descsiptions (o yndey-
stard ceftain featuren of the Restructurer alporithm, This
difficully compromised the NRL s ¢laim to mn-procedurul-
ily and vser-friendliness.

Aolh of these prohlems huve heen correctad in 2 second
version of the NRL and the Restrueturer. The basic NRL
struciure remains unchanged sdthough acess paths are no -

“loager required 10 he drictly linear—they mity . be tree-

slructured-—and sets are explivitly estabdished in o way lhn: ,
mmplclcly hides the restructusing alporithm lrom The user.
Changes in the Restruciurer's. slgorithm and enhincements
to ADAMS, which maintains the wource unf tarpet dais-
bates in thejr intermal forme. have Yowered exceution time
to a finear function of the alze of the trpet database (with
whal appears 1o be on acceplable slope), The reader is
refermred 10 Reference 13 fur theuretical details of H_u:

v LI
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secomd vcninn. ond Lo R:fenﬂu ll [ uuge-dﬂtnld'

detailg,

We rcnlJuv.trl't.'d in eoncluding that. using Ihe aecesn puth
approach, it is possible ta huild prtical, generulpurpase
restruc il ng specification languagex and resiructuring sofl-
ware for network datahases. However, since restructuring
involves 1he exhaustive traversal of Ihe source doluboag—
with some we ol af the sourge data aecensed many limes—
as welf us the complete construction of n target dalabase. i
is on tnherently slow process, and scrioux aticnkien muek be
paid 10 1 restrucluring system's gxeculion cfficiency.
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perspective on information processing .

sy PETER G. W. KEEN

Shnfiwd Univeriyr
Stanfond . Califara

ABSTRACT

Thix bedel pasilion puper prc}-:nls a Tramework for mupping
computer-based information aids enlo the mental activities

Tinvalved in the full problem-solving process. It argues that
these oclivilies are best deseribed in terms of operalors—
the verbs and commands that the individual uses in
particular stage of the [nielligence Cycle.

The ¢ycle begins with Discovery. Lhe recopnition of some
gl requiring response, Discovery fillers data inio infor-
mulion and m:lf.nly invelves operitors thyt alteawle or
amplify duta: ““alert,” ""keep track of ' (nmplificution) and
“semmanze,’” Creporl averipges'T (alleauation). Few com-

technolopy inlo its contexi—the rrde of Intelligence, o
process of Discovery. Interpretation amd Arulysis' which
begins from an initin) uwarcness of u slimules or problem -

. and ends with i decixiun. By clarilying the opertiens

within this cycle. we cun buth assess the technjgues we
now have and define the arcus of mest need nrd payofT, It
is this anulysis tha1 should drive the technology nnd deter-
mine the toals we require,

The scheme pmcntcd herc is o pumdl:m. il conceplizal

© framework Tor ergnnizing current kpewledge, rather thar

puter tools supper amplification: The second sbage. Inter- |

prelution is oneé where the machine gencrully uutp:rl'o'nm
the human mind, especiolly in inference and sinlistical
anulysis. Eximples of opcrutors for this stage are “com-
Pare.” review' and “sugpest.”” ‘The finul stage, Analysis,
o strongly supporied by management science, especially
through oplimizativn modelsy typicul cpemtors are “*test
the impact of* and *eviduple.”™

None of our curfent tools supporis the full [rll:ﬂtgﬂ'nc:
crele, The position paper suggests thut the development of
a mcnce of informotion-processing musl both idenlify the
cgnilive pperators vaderdying the activities within the
“3ele and match the 1echnicu building blocks o them.

INTRDDUCTION
Du tlupmnnls In [aformation-processing are mainly driven

by technology: new 1oals penerate new kyes. As relntional
daty buse pr patlern recopnilion methodologies move from

the taboratery to commercial uvailibility,” we will, exlend

vur atiility 10 help K nowledpe Workers make more effective
«nd mare efficient use of theie information resources. This
Puocess iy fragmented and relics on ‘-crcn»dlplty, it also
ubacures the broader concern:

What is the ohjective or the scicnce of informution-
processing?
What are 1he aclivities its 1ools support and sugment?

The aim of this presentation is 1o step buck and Mip the

~
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formma theory, Tt derives mainly From copnitive paychelogy,
the sciepce of human infurmition-processing.? [ty emphisis
is Jexcriptive; befure we can prexeabe lools for improving
an activily. we muost first describe its dynamics und ton-
text, In pencral, our lechnica! focus hos siressed preserip-
tion ut 1he eapense of this understunding.?

The puradigm clarifies some tnwitions) distinztions ja
discussions of humaun response tv and use of informution;

structiured _ velsus unstruclured
dats ’ versus  informalion
qualitalive wersus  quantitative
problem-finding Yersus problem-solving?

The presenlalivn s influcaced by Miller's* definition of &
psychology for mun-machine systema: ux here, he simflurty .
focuses on the wctfvirvy of information-procensing, in terms *
of openutorai—verbs such ux "show me,” “scun™ nnd
“summearize.” Toolx cpn h..nl be understood in relution 1o
the opennans they mipport.” -

aom,

e ———

[Rp——

Most existing 1ools ussist o Knuulcd;,u Worker who
ulready has a purposes i restarcher seanning o dutohase, an -
oralyst reviewing u situalion’ or o mamiger reguesting
summary reporis, The Inteilipgence cycle hegins well before .
this slupe. und laclydes Diwovery—idemifying and duf'mn,; -
the probtem und purpese, A1 an estreme, the Knowledge . l'
Warker sils d.nydrc.:m:ng while, the world around him ™"

L

-_.;.-,_

rabdomly throws in hix direction signal and nosse, The =

cycle beging ‘aply when, I'u: B ulertad 10 yome wignal. -

.l
H
"
".
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Sometrimes, the Discovery prnccss'h passive; he may nat
be uctively scunning bis cnvironment, He may thus over-
lowrk ““relewant'™ dalil,

Many commentators have emphisized that dieen becomes
infurnnpticon by being filtered thrgh some mental model
that gives it meaning and relevance, The mind outperforms
mosl computer-bised toals in this process, which relies on
alertness,  paltern-creation #nd  patiem-recognition.  OF
cuur¢, human limitilions on memory, atienlion span and
capacity lur asimiliting Sirge masses of datn make machine
suppart invaluahle in many insbnces,

Discovery filters Jala inla information.’ [n many ways il
is the key stuge in the cycle, in that I fnvolves preblem-
finding- Once alerted ta o signal, we can generally respond
1 it if enly through some burcly adequate rule of thumb or
standird operating procedure, but we may easily areriook B
potentindly crficud sigpal. IT we can scon more alertly or
provide better fillers. we reduce the risk of doing =0, bur
the effort nooded may oscesd vur resowrces. |1 5 b
desimble to sutomale porl of the ffHer. Whar are the
critevic firr doing 307 The technical focus does not in itself
define any criterron.

Stffurd Reer* the Aritivh cybernenicinn, descabes the
filier in terms of webeminrtion and amplificorion, Discovery
reduces ¢haos o sinpubarity. Hupe voluomes of dula are
altepuated throuph summary, selecliva and apprepation,
Key sipmtls are amplified and drvwn o our atteation, In
generd we hiwve nany touals Tor senueition—I[or reducing
the loud on pur kmited aiention and eapacity; mast repon-
ing systems prpantze mass Gl into “meaningful”’ sum-
mary. Beer gives an exsample of umptlification in 1he CY-
RBERSTRIDE sywiem he helped huild for the Chilean
government.” A Torecasling adporithm, haxed on Bayesian
decinion lheary. 1raps 1he streum of datn ‘on ongoing eco-
nomic aclivity and Lesis if new signals imply a change in
currenl iremds snd consequently o need o revise the menial
model: il they do mod the ditea In fgnored and the Knowl-
edpe Worker pot burdened with it, If the input implies a
shif, the sigmal is amplified 3nd the worker alened 10 L.

* The apctalors Felevant 10 allenuation include “alan,”
“keep trick of " and “lecate any discrepancy,” Thexe ure
cleay different frem *“summarize'” und ' repan aversges,”
vperilnds relating 0 allentation, [nfermalivn tools or

scovery thus noeed ta be differcariated. We have far more

1wy for aitenuation than fuor amplilfication: since the Etter
is comiral 1o piablem-Nading. tis i clewrd y an urea of preu
pdential payol? in the <elective shevelopment of new lools.

Attenuated informuation needs inlerprettion wiik ampli-
Neation beads so Scivch, e o revponse T The signal and o
mure aclive elfor al Diseovery |wp Figure 1), In either
instance. vrly mow iy the worker aware of purpose and
ready 1o select infirmaiion und pnalytie aidx, The second
stape in the cycle. Interpretation. is Liepely inferential. The
openitors—ihe coemmands the worker gives to his [0ols—
include “suppest ™" Ureview,”" eompare’” ard “deduce the
toficn ~tatistical) meuning ol 11 in Ly easy o map
lechnigues into thin activity. Intenclive Deciskdon Support
Syatema sach ix Georrity™s portfolio puripement sysiem e

::pllciily designed in terms of such cperstons as "SCJAN"'

g "HISTO™ (provide histpgrams), .

While mun oulperforms muchine in most aspects of
Discovery. ke is much less effeclive 'in Inlerpretation.®
Tversky and Kahneman" emphusize the froquency with

which individuals make simple slitistic,) errors. Edwands" .,

similarly points up our joabilily 'to make cffective use of

infarmation we olrendy have (o updaie probability esti-.

maley, for example). Tools such as MYCIN® which aids’
medical diagnosticians in the process of inference, exphoit
the machine's comparilive adviiriage in Inlerpredation,

The finasl stape of 1he cyele is Analysis, the aasessmen! of -

inlerpreted informations this usually resuls in some con-
scigus decision, Discovery is mainly percepleal and there-
fore hord to abserve or'moke explicit bul Analysis is
pencrlly eonscious, methodological and sequential," It &
concerned more with the use of information than informa-
lion itsell. Its operalors inciude *“gvoiuate,'” '“compare
these sliernatives' and ““tes1 the impaet of "—and of course
“what if."" The teols of manugemenl science—oplimizalion
and amulstion models—obyipusly support these, It is no
Clear where man uutﬁcrﬁ:ljms machine or vice versa. Many
probiem-solvers prefer ta refy on their own intuitive meth-
ods although in siructured situations they will rely on
formal models. ’

.. Becawse Anulysin 15 conxcious and sequen(ial, it is often
cunxlmn:d by time and computationnl efTort. In many
cases, we simplify the problem to 1he point where it is
I’cusihlql’f:r us te handle s Semands. even if this involves
misrepresentation—and sometimes peversion, ln many
cuses, hy automating the operutors il invelves, we encour-
age the individual to make more comparizons, 1o enlarpe his
“bounded ratinmalicy:'*"™ a frequent bonefit cited for inier-
active campuler systems is timply 1hat they allow a user In

Lest pul more alternalives. More is nol necessarily the same

as heniers such xuppon may 1hus improve efffciency but pot
effeviivencss.' 1o developing 10a0ls for Analysis, we must
consider which operators they suppont ond what “improve-
ment™ means {and is worth), Aulemative mecharical as-
pecls of Analysix {comparisons. summarzition) looses |he
hounds of entionatity and porentiofiy releases time l'or maore
ultenfion 1o liiucs of cffectivencas.,

TOWARDS A DIFFERENTIATED PERSPECTIVE

_'Th-c patidipm presented here can be expanded 10 pive a
Gairly riporous spmmury of hoth heman informalion- proc-

“essing activitivs and computer-hased aids. The Liter are the .

‘hueitding blocks for a system 1o support the full eycle of

Intelligence, M we fucus an the operaton needed by the

Knowledpe! Worker, we will define those Bocks jn a far

mure dilferentined way than we do now. The issue is not,

simply for examplke. hetween guaditaive amd quanliiative
dofa ur sirugiuned und ursiruciured problems, In the Dis-

—=covery, stage, atieatration pencrilly, involves numeric, amd

amplification judgmenial, information, Our 1ools should -

ruﬂm.jt thus, .
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[ THE OUTSIDE WORLD
Noise and Signal

3

.Human analyst notices data ' s
Machine attenuates data; summarfes, reports AW
Human/machine amEIIfies signals . -t

A\

DISCOVERY |,

" Operators:

Recognize situation potentiaily’ needinq re5p0n5']

Convert data into information —

[1!FORH
ALERT
PAY ATTENTIOR TO

COMSIDER >

INTERPRETATINN

ANALYSTS

i The paradigm implies selective development of new tech-
niques, matched Lo specific eperutors. rather than imposi- -

Voo

SEARCH/SCAN

LOOK FOR
CHECK
REVIEW

Detprm1ne what the information ‘means’

Organize information

v

TNFER
SUGGEST
LOHPARE

v

feach a decision or resolution
of the situatiagn

| evaluate the infnrmatiuq_

ASSESS
CHMPARE ALTERMIATIVES
TEST HYPOTHES!S
CIt00SE BETHEEN

ACT

Flgurr |=Tha eycle of michigence

tion of the meihods on the overll excle. Any catulog of intent;
enisling 100ls will shaw an sbundance of ids for Inlerpreta-

thon und Analysis and ncur absence of suppon for Discov-
€Y. Any detailed exumination of 1he openstors involved in
Discovery will, as a corallury, supgest that retrieval meth ™
o5 suituble for scunmng aad direcied search are of linle
value for amplification and alening the Knowledge Worker,

-

' DEDUCE /SELECT
INENTIFY IHPLICATIU?S _J""“““it

- HONEL

i —— —_—

BUILD a comnlete
nicture

-

DEVELOP methodology
DEFINE new rata, modals

or hypatheses

e ]

. .
11

+

1. None of our 100ls can support the full Inichigence :]rt'lt‘ »
nor should we assume thot 1hey ure other than huill-i*ﬂl
blacks;

1. In developing information mds we must ook al the -
:l.clmhln movadved in the cycle and druw on d::-cnp'lwt

There is not space in this position paper 1o explore the .
p.lms:llgm in detsil. The I'ullawmg usserlicn wmmarize u:.

l.-"'
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+ and peychological models: :
3. Tooks are e defined in relation to operators:
4. We do oot yol have i svivere of information processing;
cven T this parodigm s inaceunile or incompleic we
;  need such framewnrks that foree us 10 develop a chearer
sense of what our efTorts shoald i 1owsend s and what
our techoiques really are.

4
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ABSTRACT. The simpiifying i:nw:zticun
made sbout entigles and  relatloashl
structures don't always hold in-fgllﬁ\if‘.

IHTHUDUETIUH . .

L

A mwssage 1o mapmakars: highweys ufs pot pltitld Tad,
| rivers don’t havs county lines runping dovwa the mlddis,
G 1

and you cit't see ceatour llnes oo & mountsln.

+
For somt tima fow my work hat’ concetned the repressntation af
informarion’ In computers. The work has lnvalved tuch things ss flle
erganizations, indexes, hlerarehical seructures, network structures,
reiatlonnl medels, wnd so on, After a vwhila 1t dawned on  we that

these ary w1l just =maps, belng poor arelfligial “approximstlons of

some real underlylng terrain,

" These structures give uf useful ways ta deal with 1nfufiltlnn. bot -
they don't always Eir naturally, and somerines not aft_ asll, Like

dLfferant. kinds of maps, ench kind «of structure hay it strengths

end wesknesses, sarving Jdifferent purposes, snd nppealing o differ-

wat paople $n dlfFferent sltuatlons., Data structures-ute avtificinl
formallsms. They <Liffer from {infercatlon in the sacs’ sense that
trllllri don't describe the language wi rteslly wae, and fornal
ogical systemy don’t drmcribe the way we think,, "The mep Lls-not
the tarritory” [Hayakawa]. - T )

Whet is that territory really llke? |[low can’'t describe it te you? '

Any description I glve you 13 just snocher map, But we do newd sope
language (and T mesp satural language} Ln crder s dincuss this
subjwece, and to articulate concepts., Such constructs af Mentitles”,
“ewtegorles™, "names”, “reloationehips”, and “attrlbufa3’” seem to be
useful, They glve us ot least ope way t6 organife our percaptions
and discusriens &f information. . But we nuu& ta h:vq,fn nlad sn
undersganding of the real nature of suchk canstructs .~= srpacially
the difflculties lavolved in trying ta defing er apply them precise-
IL. e 3hould apprecisate thar such teroiocalogy doss not repar:t
oblective states of realley;"instead, thess termi-record our sybjec-
tive perceptions. And su:; pircepticns sre dlffereng for different
prople and diffeTeat purposes, and ‘they can viry vich tias,

Ke can make simplifying spsumptions whea wa  deslgn dats sructures

nd systems,  But there's not ouch use 1n_fuulln?r ourselves about
]

the nature of informatien, It leads fo wisted #

“etarrvet” dencriptions), and peedless

rr {In l!ilin:
VAt Ancarrectlylty,

faule-Finding ["rou deycribe

- " - e -mm
L]
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OF thr wurises TERILPECEE 1iesbls e the descripsion of Inferms-
Lism, this paper sapleruy maturda of towi autitles sod poluciom-
ships. . .

EXTITIES

“Eatitiny s & atate af akmd, Ba twe :tipla i
b whet Che fual werid visw i3, DPhiesidea}

L)
An  imfarmacies aystem  (e.g.. dsta bass} 6 u wedal wf a2 smail,

Mialter pubger of the real world. Ke sxpoct Carvtaln correspsndences
batuprs comifructd imglde the Inforaagivm systom mmd bn the resl

warld. We sppect te havw ems rrcerd bn The enplorss  Tlie for anch

reon yaplaysd b7 The cempany. [F wn enpinyer werhk: 1= & carinln
Fpartimcnt, wm eXpECL o T1ind INaE depAcimearts mumber iw  (hat
eEpleree’p recerd. | .

Se, car #F tha FLERL concapis wd bown I3 & correspondence betusen
thinpsy laslde the Infornaci®h sracem mmd thi-s! la  the resl world.
Pucaily, thils wauld bs & sne:Cé-oun corredpondence, l.w., we could
ldentiiy » single comprruct Im the jafefmativa  apscdm which repre-
yaatad & almgpie thERg ba the real world.

Ka'rqg In Cewubly alrendy, In the Firsc placa, t's WAL 48 aady I8
$a dovm vhat cmsEfmct in The  Juformatiem syipes will de Tha

[
tepravunting. Lt mighif we & fecord [whattver that means), ar & r“ -
| ] N1

on®, 51 deveful al Chem, Aar & cEThleg wAtTy, @r & alircy
duta diccleanry, o7 ... Fer saw  lgifs jwst zall 1¢ & “repreaents-
Ilva”, aad comr Mach T4 that Eopic dacer. The ather half of ke
praklem concorns the things wi want reprevantad [ tha syiles.

A3 a'schasiowmehar might 1ay, belara wa start wreinlag detn descrip-
Elant JEE'$ pousr & mingiy and g4y gur rhauzhis in ardar. Balfars we
i charping off po design wr w2 & dary sbrwctwre, IaE's Ehlnh sbawi
Ihw (RFOrRACIGA ud WART T4 repressat, DPu we have & vory clear ldan
af whvt that Infersatlen i 1Lhal Do we have 8 gosd geavp af tha
pansallec pravlway lnvalred? '

Srcoming um repert In Aatw stTuccudes In Jlhe beceaing sn mxpari Iln
dantenrs  MEiructurs and gramasr[ ity mot f puch velua [F Uk
thoughtl yuu wanl T4 sxpregd Ats al) suddled.

Tha iafermation V% the wyseom b0 patt af 4 posmgplcailesn precsss
wony prapie.  Taern 12 3 flev of ldeay Tron wind tw mind; fhorn #78
translslicas alend Ahw way, fvem chmcept t% matursl leaguspesr L&
fermsl lamgpusges (Camscrycrs 4m The machliw speirm) snd back aguin,
An chisrv¥er .i (or particlpant 4a) » certuln pracass recogaizes (3ag
» coTidln person his hecpms annla=cd by & Cortain deparimant. The
AEARTYET Caykdy Cthal facx Le B2 racordad. patheps im =5 dafa paiw,
whePy BoMEsnd 9149 can later latarrsgete Thag racurded foci ie gof
twrtaim  Ldwws sut of St The raseabloace Bbatwesa Ede  gxivacted
kbrpss 5nd phy Ldeuny In the wriginal apssrerr"s misd depsads mni asly
% the scouraly with wadch the mepsnges arn vecarded and Tresamice
ted. Tt m)em depunds  huavily on che pariicipanty’ Cwsaen underT-
wtandang of s alamcntary Teferences C4 ™o corvaln parmmn™, “#
entthinm dupailivint™, and =y enployed by™.

ESIIFILE ASH EELATIOXEWINY 1T 15rapiag bax ) i
SOOI 13-

Khnt 1% “sea thing™

That oppusrs ug Civee to % n trivial, Ivrelevass, lreevermt,
akmard gwrscion, It mat, The gwertion Jliwstrates kaw  deapl
anhiguity ond mjvisdsratanding sy fngrained I tbe way we think
talk, .

Conrider Thenr pooed old warkharey dazz Sane sxamplies, partn sl
warehputvs. Kz lnf‘lll{ arpume 5 copnient in whick fachk  part has @
pare piwdat and acCors In variouy questicies st various warehownsd.
Houice thal: warieows quanthties of enw thing, Is it ome or manyl
Ohviwgsly, the gepvmmptiom here® o that “pari” sgenn oo kiad of
pary, #F whickh thets II'F be masy phralcal instemcan. {Tha asma
ambigwity akows wp ¥ery sften Lo pacues] wiage, whin we ceier to LV
rr’jltll thingr wi  "the snme thlang™ whep we mean "the Bane kimd= )
tix & perfecily valld sad wyrful point #f vles {n the conteat ul,
r.g., #% imwratary Clle: we Rave sad pcprcacatatbvy  [(recerd) Ier
each wind  of sninmg, and rpeak Jowirly of al1)] sccwrrences of b
thing & collecqivaly Being oot Thing., (¥ could wlps sppraach phid
by aaying That the Fepresemidiive k1 por meact Lk corrsipond to saf
Ehp:[:;l obhject, bul 1w the sbstracred jdes of sme hind of pbject.
onethv lenn, wi du wea ik tepm “part™, ARA net “kind &F part-.

Kow ceatbder unpther application, o qualicy cemtesl applicetion
whkso denbling wlch paris. Im bhis concrnt, “PiArc™ wraal sa¢ p'ﬁ'_r:lltl{
ahpcE; ll:i pare  in pubjected v cevenln Testn, mmd  the Teag derd
16 maimtained im o dacs Bape scperately [of cach part. Thers In mew
sne  yepresuntatiT™ In the  lalovmation aystem for wach  phyrical
objeci, mahy of which Ay heve Lhe somp part peobaer.

Ia ardar t= Jncegrate cha dazs buaes Cor the dnvencery snd qualicr
comtral spplicatiman, tha prople iavelved maed 1o racegulic  that
there _dre [ww L Eforent  motion: of “eding™ pvazscisted with tha
cencept #F "parc=, and thr tsm  Yiewk sust b recoaciied. Thery will
hase t8 werk swr o coarentiol whereinm the lnfacmatish aystes cRA

" dral with twe himds of represenvativas;  wmy stamding for o Eisd of

parl, Lnnther nranding Tar oxe Phyalcal skjece.

T hopsy y¥#u'rr comvinged sow thit we huavs to go tw thin depth ta desl
with the Wanic semdntic probiens of dats desCripties.

Wy apy ddading uigh a saturnl anbipeity of wirds, whigh vo vs humen
bringy Turnlee ju & lorgrly sytiiiile snd Weiomescieup ¥y, becamsd
we whgeratand chy contoct iz which tha words 3r¢ baing wred. EKhex 4
data f11n eajonn  tm sarve jusi war spplicetion, there B4 Im wfiecl
Juit sne contexe, sl Jidrs Inpliclily underatapd chat €onteag; the?
autpneticnlly Tesalvs anbiguiries by Interpretlag words o3 spprepri-
are for  theg cootexe, Mot when Fliep  gpot dntagraied imta & datn
buae sorving mulyiple spplicazlons, 1iar axblguicy-resaldving Bechan
ilam js leat. Tha napymprisn? spursprlecs o the cestext aof was
applicatims say st £i0 the comtexcsy of arhor npplicat)mas.

Thare are & fow havic ‘.‘:.’t..-' hive ta doal with hare: -
-

-



" dwwiwws weya,

H ¥. ¢IT

% Omearan,

" Samgmesa, Yhes de oww pay vem things nre The samy, or the 1w

Thingt Hew dowy chingr Impact hdraricy?

) TT TN}
Xaan cacepgotins do wn sckopwledgal

These comceptu
anachar,

In whet cutwgories #o we perceive the thing ta kot
llaw wyll dwfllucd are theyt

snd  questioas are tlghtly Interiwlogd wlth ons

Cobnnider “hauk".
le dacs basw will hive tug
his flve elrculacing copies of evch,
tives ln dks Fldesn. After we recogulre the

1f sa sother kas writicen two bagks, u bivlivgragh-
represontilivey, U0 & tending Yibrary
It will have Lem fepresenta-
smllpulty v»= vy e

carefully adopt o conventlon wring the vords "besk= awd “cepy™. dut’

It U5 w4t macurel” oxege. Menld you uadcritasd the qurskicn “tlow
samy copies erd  bhere im the LInTary?™™ when | rexld L Lo kasw
bow aany phyiical ook tha 1ibrery his alrogathart ¥ ¢

There ars orher connotatlons of the word “bonk™ thet could {aterfsra
with the amwath lagegratlon of detn bwaea. A “bogh™ nay denotw
snltthinf with hard covers, ns distlagulihed from things Im zoft
Lovers 11kn msonals, perigdicale, #Te. Thos ¢ masmal may ba clamsi-
fled ap o "wani™ im pae litrtrl twt mat ix ampother. | dow't sivars
kmow whethet comferancs procesdisgs comprise & “wesh™,

A “300k™ may Jenore somechimg bouad topether as
Taus & wingle loog wevel may be printed im
(Vhem w4 vucagalie the ambiguity, wa somcrimes try tw aveld it by
ngreclog te wid Lhe  term "woluoe™ im B ceTLLin way, but wa ars mot
Always :nE:l:tcnt. Eometiass  swversl "wolumes™ are bound into eme

hysicel “bask™.] W now huve sy plauslble prreaptlont: the one

agk writtan by 48  wuthor, the iwg books im the  1lbsary's TSile
Lilew {val. | and Yol, [t), uod t54 - ten buwks om Lhe ke fof tha
library which has five coplus of everyiRleg. - . -

war phyilcal unji.

Imcidentubly, the comveris l;.!tllti #l5k Ruppeas, b .when nl
savels wry publlikad ag ooe physicel besk (n.g.. collected un:;:;f

5s, once ngaim, Lf ve arr golag te have & dags bas Mt book
Sefore we can knew What ons Frpredsktative stamda !nr. -: h:d.hett:;
Bava & consaasur smang wil UREFE &8 U9 WRRT ."bne Weal® s,

Going hack maw ks pares snd wereheus iae motd "
apras up sapther kind of smbizoliy. Tre the notlea #f “wirehousa®

astion of what comprisas “oms warehouse™. 0% may By lngl
bollding, wr & .ol bulldingy swparated by rllr :rti::zr;
distence. BSaversl warehouwnay {a.5., Wleaging vw d1{fareay Compas -

mlen) miy wocEpy the same bxildlng [perkeps on 20fferent Flaora).
$4, vhat Is _ “ome warthoupe™? Anpiding EbaT & certsls rnu; 'lr
people agteey %5 coli 2 warahawiv. Eirem Ewo buildin *, t{-r night

JMEFRS Ut Trent thow n3y one, tww, or any musbar of warehousss -- with

&1l parceptions haing equally “carrect™,

Thus, the boundaries aad axtent of “ona thisg” | -
:ir E:::bllshld. T:ll iy evam mors 8 -I::lwitl' Pl Rt
SR IR 04 mban EMAE hxy ag Amturs] sharp bSoundariey et ell. The
ant &f thlngs thnt histan bhelags haow how t: da Lx 1aflaltaly waried
aid changed From sae  human by I...‘ T wnethar in the meat subile 2
Fensthalevn, the “+51170" parrlan' ol & parssmns] dats

_—_— - . o [ N - —

tws phraleal parte. |

There 10 oo metwrel, jutrimeic )

arferas “clasnifice- ~

!

EXTITIES AXH RELATIORENTFS IX IXPoacution La |

bage masertl & Flmlts wynker wf srhitrary akild .Illl‘-rhi,. rith
sar dlcretr thing, Lo, , 1t haw ouw

each akiND halap prented AR

representative.  The swaber amd wntmre of ghere  skills I3 very
arbitraty E'.l.. they 4o mat correspomd to pstmral, Intriasic
bousdaries in the real werid}, mmd they are T5kely to bm AIffeTrun

in JEFerent dsra bazses. Thus, & “thing™ kete I3 & vory arhitrary
sepmrat partlitioned out gl § conkinuun. This sppiiss atan to tha
sex af subjects im # Library file or ioformmtion teirieval ayetes,
ta tha xat #f diseases lo 5 mpdical deen bare, 1o rolori, rtc.

This clussidicntion prevles usderliss the gpraevsl  pmbiguitr of
-wardr. The set &l camcepins we ITY to coormmicate abour 1z [aflnite
{and men-druumerable in the most mind-bopgling seman)], wharess o
cormunicntes uslmg an esseacislly Fluies set of variy, [(Far ithin
_ditcunsion, It salfites just te think alkout mrams.) Thes, » ward
does mOL COTrtapans T® m Singla comcept, bt be 0 Clustar ol mare wf
s related comcepts. Very often, the usn  wf 5 word te denvin twl
Alrferent bdean km chiy gluster Con gof ub inte troublas.

é caiwe In palmk ix the word “wall™ a5 wied in the - dakn f5)es of am
§1 company. In their gealogical daca basw, & "sxad)™ 13 a2 single
hola drijled L the surfacr of the earth, whether or mot it profucey
,0I1, Im the productlon daca bare, » "welil™ I3 sBe or mors baley
corered by aaa plece of sguipnent, which has Tipped inkto u pawi of
pll. The »ll compuay La ;urrllll{ naving tr-uh!- iacegrating thrae
fatn hanes  to suppeTT & Rew appliicetlomn:  the gwrrelstisa  of well

r

!

i productivity with paplogicel cheracrariszies, .
f

A0V HANY THINGS TS ITT

A slngle phyvlcal oait aoften functions iz sevarsl rales, anch of
which L# o ¥ fepresented 43 & epaTacs thing i the [Wformaciea
#y3tem. Ceazxlder » daty base wmiimteiwing stagistics wn delenslre

plore 5y u basabull tean, both on & pusftion bapip amd wn aw imdirvl- .

daal Snaln, The docn base might hava representstiver far 34 thiogs:
mime panleions and 25 players. Yhea Jat Smich, playing second basw
mxkes m purowt, the Sapn abewt twn thingy §s modhfled: the mumber &
potouts by Jos Smick, and che auaber of putodts by & second bessmex.
That human [lgure standiog nany decond wate i reprasenced as {and
in) wwo Lhirgis: Joa Smith and the ascond basemns,

Coasldur tha question of “pearasin”, Su ix Jos
shoreatop, and mudas epother putsnt, BDid  the wamd Uhiag sake these
Eva putputs? Yey = Jeu Saith made hath, Mo - e wad made by the
Cnecond Basadkh, the other by the shatiebap. = - -

subtcher to”

Way E» bthat humaa Cigure perceived und tewated ap twe thingy, rathar

this sne af threw o1 minety-odght? Mot by say sacura]l Jaw, bux by
tha arbitrary decislom ol 3o  human heinpy, {Itlﬂli tha prroeptiaa
way uieful &p thenm, aod corvenporeded tq  tha tiads oFf lafermation
thay watw fatarasted in malptnlning in tha syatam,

If tha [ils only had dacs it pluysr sltions, then tThe sema

hgilr:l shivct would ks craatad 31 balag dlifaraag
JEfarvunt tlawi, . Jes 1y somstimes & dwcond beawmin amd pomatlmns &
shertatep, This particwler £l1e doxsa’t. tven knaw that Jos azieki,

*d cun ploy batk pasitions, -

thicgs _ pt.



” .

. ana

Mre coetlder tun srietrd pewple Ir.p., bwsbhond mad cife, father sl
okl vl warl for phe  sesr compiny. e cmaldvring Bedlcad
bemefiti, #3ch af these pawple bas, to br consddered . Twice: wmiv as
any eopleye, sad smcy 8y 5 Jepeuadear of s expleyrs,

Gr suppass & parsia held tws Joba with the cowpany, S twe diffarent
shiftn. DBawy rhat aipnify @me or w9 imployeas? Shipping clerk
Jake Jensy and thipd-ahicry tompater eprraier ek Jomay xlght e the
s peTiEA. Bars 1y macter)  Sesetimen, .

It 13 plauplble (bizxrre, pesrkaps, but plawsible] re view o coerinin
"'Il'“r" tod o Cerfala stockholder 45 twp dLEferent thiagi, MIvesn
uhich thefs Mappens Lo exizt the relarlonship ther they o endedigd
in ke f4me perion. There wuld Thag f2b3t T repreaentikiver In
che yystem, sma Tor che ecpleoyes nad She Doy the steckholder. Ic's
- parfactly 311 vight, se Jong a3 weers enderscamd thw Implicagivas of
thiy comvention (s.f., d¢lcrting sav night aat delate Che ather],
“r N -
Tromaperrstion schadules aad vedlelas sffe7 sther wrsmplan of
v anbiguities, Iz Che wae #F such  tarmg 53 “FHIEAE™ and “plane™ [+vim
if wy 1gemre the wiker deflaitiosa of “pleae™ baring wothing te de
with f1F¥ing =machimes). Kuag dwep =tatching the same plaat tvury
Friday™ swally wasa? [T ma¥ wr mar a4t Bt [he yame phyaical
dirplame, Ber 17 » sechamic bk “schadoled be fvrvica Che zame plang
evary Friday, it hed briter bs  1he f3nr phystlce]l #irplens. Aad
ennther thing; 1f twve passeagars wnrd & plans wopether IR Sam
Francisca, with mme haldlag 5 tichep ¢» Mrw Tozk tha other a2
ticker o Amprerdsn, are Chey ga the yéme #1ight?

Classificaniaa, o.5., of skilly, Ispacts the motlon of “1inentid™ an
moth ng tha motles of “how funy*, The way W parcizisa skills
deteraipan bath how many Jdifferent ghings v recoguiza 1a  this
Categnry, and whan we wlil Judge tww  Rimps ¢® b= tha dame, Consi-
der a growp of propls whs Eiow Mv 14 d9 3ech things 23 paEat slpas
wa deats, paisl pertralix, s:iut hvupsn, drow bailding hlwepriscs,
dTen il:rfll disgraai, erc. e Clusgifiar might jmire fhet tw Lp
wat  gaw IRi1L represeated by w1l of thesw cupabilltles, Samelp
Arelst™, aad  PMAL evefy poraca dn Thi gremp had che aase nkill,
Asmacher claspifler aight clala thazs etfa puww 2kills hrTe, Rimaly
priating sad draviag.  Thin the sipn palate? Ray the ane gafld np
The pariTals painter, bul i tha bf:-prhl drmr. Al 38 .

"The sume” gomr 95 by playwd -rl.ti calers:. Twe red thilags arw the
sdmt coler. Nhat i wee 1i crimwos and Lhe ather scariag?

The prrceptive ruader will bave zoticed that tve kindy of “hew Baxy™
quesilons have bean inecrmlzed Ia thip wictis.” At First we vars
aXplariag Biw maay Xkiwdy of things ssmetking alght e porcalvid ta

. e Bur secxabeanlly o wure prying  ow derarming whather wp wwrn

denliag with smy o7  zewernd thiags of & glven kisd, [If you con"n
SspPI1F that distinctiom t¢ the proceding dlicwsslomg, than Plenis
dem't bocoms a- dots base mdnjsistrager, 1 feaT ypomy dats bass by
vall bacondt & pinafialdoof semanriz traps.]
- . = 1

+

ind then Thava's thangs, Evem aftor contensas Mai  hivd Teachid =
* what thisge urd e o reprosentad In lh_l.-l'-_ruun AFELen, Ehat

- -’

B 4 mdmrs p oy b=
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kynci_af « st b vwasidervd,. Mo mach chesps Cri pasyrthing
wedrign el sil1] W the ™1zmy thizp™r A chat pelat 13 Ix sppre-

laze tw batrsducy m sew  repfracatarive, becanss chiage bag Creag-
F:I:'-" peithing inte p mew opd dllEeyent thing? .

The lem in ey ol ldeoriiylag or lhmnhf somy  gavent el
lavarizat charachieripiic wf o Thing, which pives It Ara ldestity.
That boenrhent chavacerristie 15 @#ipem hard to Ih@.ti!’r. M mAT Raf
walat ne A11. . .

Kt seam t¢ have linele Jifficulty with the concept of “imv pereem™
drapite clln!“ In ¥ppeaTunce, p!rlml{tr, n::ll::lth:; and, :hﬂ
nll, chrnita cogpanlilon frhe Fr rrlimn w» Mtryeciire ~-- l.w,

the chimlea)l forsulsy -- la;r::ln.:;. a wmh, bt the individuei
pioay ond sglecules are comeigmally being HI-I““-"' apxin §11wa-
cruring an awb[peicy Begween “sime Find™ smd “1amr Inztance™). ¥hen
wve gptak ol tha vame prtxnn aver o preimd wlf pise, ox certalnly are
»T "hrrtt! 8 the yisw ensthble nf stons 0nd mpleculng. - Khet
thin i3 cht “zame prraga™? Ne cam ommly ¥ 2l te asny vapwer tmfui-
tion shewt the “omIizity™ wof -- sebsthing --.throogh  gredwal
change. The coserpr of “yame persem™ 1a a0 Ixnillazr  send okriews
that ir #s  sbavimtedy Irriterisg sot te be ohln e deflne dT.
{(Defimleiens 1n tarsy af “zoal™ add “aplrig™ msy be the saly tres
acd hupamistic cemceprs, bot, signifigaxtly, wo dow"y kmaw 113
Aeal with Them in & compyrar-based fafarsacies S3ycken,] If ig suly
whna the aellom oF “persom™ i pushed o vesa Efmit 40 we redlize
sow -ingrecips thr marion s, Thin 13 the Badly of some legal
Lasuas. '

Nodern medleing I3 dlsawcting owr concopr &f “perica™ ¥ia afmn-

Yamied apd areiflcis]l limbx Gad ergesd, At s« Tlme people

Liwved the hoart En be The seot of thy roptlonat they might bare
argued (YA Khy Tecipleat wf 5 heayt tTEnipleat bocams Elar patrren
whe tha doker wap -- L had awrely takea 5 ranildence Iz u piew bady.
Xr are sete TIheLly to rake that pwsivies with vespect o The Braia, -
rather than  the beare, A aombar of Jegal Bsauen will huwe o by
reanived vhas hroda trameplamts begln TR b porferhsd {anl the
favses mey pet Mrw complex £F Juar peviiens of ke bruia mry
trluplutl‘i. . A - B

In sm Enfarnstion drubten majntalabng doxn shemy prople, vm w113 hawve -
te dachds vhich infermacism guty Intere Metwers (M8 TEpretem-
tatives., ¥hich Iafermation -ip ve b ampncinted wicth the o il
which sith the Sruinf A name? A spowze? Other Telatlwest  pHow I3
thy midical Mistary rTaarranged? bas which JobT Skil1a? Fisas-
eial whilgntloms? . .

Simifar ymantions spply e erpamicacieas, seh uy compunies, depari-
mpute, tatmd, FMTIrRRrAT spescies, #tE- Is It sthll the tamy
compiny pfiar chapges in seployers? corrse.] Mams ET [Yes.
Ouzaras? [Waybe.) Muildings. and fFacliiciast [Tes, Lecatisuy
{Frohably.] Resat [Prebably). Prizcipai Walaess! (Marbe.} Stats
wpd cwmatry #F Inc atiom? aybe.) The masvers pre sipiificat
e the handling of a1 comeracis and othef sbligntiamy, tha degdim)-
aypinn of raployes vacacion and retireswst benafitv, sxc. -

And policich] updering, A dacs kase of popuinriva pratiscice smip
have swme defimicion of what is meane by Indis, Fekistis, Germaar.
Ciachenlewgkin, ofc,, ovir time, (There's save Invel¥ed theo m
¢hangs of Réma| the thimgs thennalvran have bien ETeated, deatrapsl,
secpud, aplin,  rerpartitivesd, ot£.), Fa  samg arher dats base 14
e . - LU L »
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iy have to bt sadersingd LR Iwve ¢ irm at £ifferent times in
tha wems powy mighy hece besn bore In Jifferent commtrins,

A vhole ypacirwn of comcopts. Thers in the "sng 'oak™ coatalning
the Ldwap exprepssd B mn aother, which ia the same heak ragpardliess
of whick languaga it ¥y trlhlf:tll Ingn, 8r how A In sdlrgd,
abridged, condensed, vavised, stc. -

Thun thera orw “sditlopa™, which £{fTer from wach athar ¥y 1tme
arhjtrary aeeunt, Jus elther to chinges in  che content Gr ty the
eorractiea of slgelficent smounts of error, Do che sther homd, stme
planT amgunt wf difference {srroarous w7 dellberatz) i premiveed
bagucan Teprilate of a slagie edicion. . -

4 coodeasntliem or abridpeneat may ;r;lllr dlfferent {rem the
ariglnak, ot for poma  purpsses 6. 1o cronted &3 belag Che sane
boak, . “ x

Thiz tepic Ia wong peiofully fewmilisy ta ux ix Telatlom && "raT-
sloas™, w.g., aF  zych thinge an pyogramp, Thers in pome srbltyary
threshald up ta which mingT thanged €xn be made withayt CTwabing &
aew yevslon, The wid copy Is diacarded, theve may or mer not be &
record of ghe modification, smd che representacive ([w.g.. catalop
wotry) af tha ald gopy-mow scrven 4 Frpragchi Lhe Aww cop¥.

Bryoud & corinlm [(arbitrary) peint, we declda t9 keep the wbd and
uay copler an dEEfereat veediams,
in which ve manage 1o merpe Che concoprs of “oma™ amd “many™, a3 In
the expregsimm “thosd aeverdi?! thinge nva dLEEaTent warplesns af the
pang t:i-.'.‘ in pome “EonTeATE we meam t4 rafer te a1l werpiens
tollectlvedy £ Ln the prapusty; this [p & Fortraa compllar), Im
some wa refer is & particular capy, sad iz svme we rofor g0 ome CEPY
++ ghichavar one keppens ta by thy "current™ varzion.

b3 ", T P
WEAT' IS IET

We havw xm far bass fecosglag wn The guestioms of “enonusr™ and

“ramenaag™. That i, glwen that yem  pud ara peincinmg o st
 Eomnos pelikr 1 apacs fﬂf we think we are), ond we " ot rowlvn
that xpace {parhaps & hwmam Fipsre), nimy

. Amdafloits werd

snething n:cu:ritl
“thipgs™ sbeuld that b treatnd mp - in thy lafersstisa-upatent .Ongt?

Muay} Pare of & larget thiog? - €T Wet » thing 2 wllY, - .

dnd: do we rually agres  on the tll:illtlll_lnd lou;durr #f ths
th::.'l‘ Meybe you waTd poloriog et & Brick, and.] was peinting st @
whik. . . ’ .

And: 1f wa palut ko that ponw point Ia space tomorrew [wi Think wa
are}, whil we agres wm whather pr - sat wo aTe poinciang ot tha subm
thing o0 ve'dld Ladoy?

Tons of thiv Fecwssan sa ‘whagp the. thing fs. I dea'r syen It
propacitles, 1ike 13 Ie wolfd, wr s it vod [ ar  bhaw wech . desy It
valgh, but what u‘lt‘l I had to use tha phrans “human Figare™ akevy
brcauta I dpdn®t thlak [ou wanld follew my puint 1f 1 kopr walmg tha
“aalagh «o T had ko geavey soms kind el banglble

acanplel  Bul - tharp phraps 45 jusc &ad padulble percapilon & 1he
"thing™ us peliokad te., Yeu mighv hava pald 1t wps = masmal, er ¥
. 1 .

LN -
- . — - wrw -——— e o ow -

v ngw enLer p wntaphysical realw |
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subpers of others,

" fr's eftem di{FIcwlt €9 detemmlne vhecher

© Wusyes, pichup trmcke, -ardinary truchs, mptor | T TN
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CoTPTILS AN WrLATIOYSIPS 15 (SFORUTINS "

ram, wr & selid abfeci, or 3 buy drirer, _or peur fathey, o¥ -4
stochbplder, ar & EuttPeer, . of ... ol mawsves,

I wiil tefer te what w» thisg 10 -- or st Pesst what In o described
ta by I tha ilmfocmetlon pystem == ap kL9 "cilegary” (l!ltlill with
the winge In, ®.f., [Abrisl]), - Like #vwrpthing sisw, the Irenimdkt
of ¢ntegories requires » nunber of arbitrary duclalons ko be sudv,
There in oo matmral wet of categories, The 3¢t of catwgorler to be
asinrsingl im on Inforwatism Swatew musy be  specified far ithail
ayytem. I sma syefem it wight be rupleytes and costemers, I8
ammchuy Bt might be t:slar--- snd depradency, o7 tafolled corputer
wiits, or plaintiffs sid defepdants, pud g 84 Entegpruted dzis hazn
It might imclmde 311 af theae. A gives thing {repreaescative) alght
Saleng T¥ nasy Emch cabereries.

Mot omly nre there different kinds of categories, but cutepscier may
M daflaed ar diffcrent levely of refinement. Ouw wpplication might
percelv saviags secounty amd loxzn srcounts &4 txo calegaries, whils
#nather perceiver the single cntegory of sctpunts, with "savings™ ar
"Yoam" btulng & propart¥ #f #sch  aceownt, [In smather caiw, v might
havry applications desllng wif¥ feérn|turs &r trocks or =athizas,
whlle amather ftals with capital cqulpiewt [Sealgnlar veerpihing &
uniqws lotemterT apmber}. Thul, some Categoriss are, by drefisities,
mating & wember of Saw  gabepery futsailcally s
wenber #f another, Sosd Cuteg®rids overlap withaut beimg subests.
For exa=ple, the¢ CRLegOFY &f cWitowery {or of plalaciffs, Im & Jegal
datn bare}, might Laclode seme people, pens Corparsbions  oT ather
buplpegioey, and somg gUVErAREnl lltn:ill".' : .

te 15 afeen n matter of chelen whether n piace of infermacion ip E4 -
bs rrented a2 & catagery, an aitrlbute, or 4 relstionship. This
corresponds w0 tha equlvalener between "chat 13 & parent (thea
antities are parents), "that peraon kes ehildres™ [ehe sntitley ove
prapls, vith the steribute of harlng £hlldren), apd “Chac perion 14
the parear of phase ¢hildren” {the entlthen wre prople ncd chibdren,
relaged by peventage).

or bat n thing irl.ﬂf! in

Alment 3ll mom-trivisl ¢ntegories haye fmiiw’

pliwiys thlah &F soms whject

The Viudl trediment

dechibon of
s lecsll

& CoTEuln  caperpery.
Seundaries. That i, w¢ Con slmaie
whase wpmbeFahip Im pha catagory 1s drbstabie.
of thly Hewxzion In sither to Jenve LT to the avhlire
whoavar I3 categorin)ng the objeck, - &7 & mstablis
uskecygood Sy n’ rukes vhich probakly den't miaktch Lk rules @

fer thy same ¢htagory In semebedy alaw's  (nfarmation mystem. Jest
Wl wm ¢Kdsply, comnldaT the slsplé amd “well uAdutitood™ categqr of
"ragloyre™, Daup it Inciude . purt-tie t-Ilnrt.:I Contract seplar-
-r:t Ilplnrpfj . uf subeldlary companiest Farmer employees? RBotired
enployaan? Ewployews oo lrave?! Oa military lesve! Sefeens vt s
funt acceprmd am offer!  Sigeed 8 contTact Wt met ek ceparted for
wark? Mot onlr &b the daiverd hivw En bt decidad  sccordiag L baw
the rompany wants & tfmaf thy Fafe, buT parbepy Lhe questions £on't
evas ba Inawerid consliteatly withia tha cenpeny) - A perion SR dvave

g t i oam jayea Tar payroll purpassed, alckough ke
i¢:t7:t: pu li::[ Then the Sethons of categary apd properey bavs
T e resAaniand aguian, tw sceive gt & wet muiningfal to sll ussrs.

As ansther sxanple,’ :l;lidlr tha catagery &f “cars®, and dwelde oS
Ihe following are lngluded stakion wagour, uicre-bv

dung bugplen,
. " LY
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rEnldl wim t
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lu‘ltf eurts, matdrcpeles, ..., Khag sbewr & eme-made cpmtylrasce
La which & shari plckep Ermch bhed in homy owi- of the Lrunk 'uf &
vedaa? Ay old uy ceaToried 4 2 mel9F ame?

“A pors unusing erseple i3 e dmagine » eemtimsss of " phpalcnl
wshlrcts bervaen seme given chalr and tuble, genstTucted bp levilug
the chair back askrlah while 1ca sunt enponds smd TPxtiens, snd l0a
lxgs becoms higher. Thars will ke swme stramgs ohjucis ln thiy

coni lawom  vhi capnel elearly he  masigeed T glther claps™
(Gaguen}.

The wdiver ufl & callectiom in atrally lisked a3 tha “swther= of
tha waak. BN b "enthart urthrul‘ . -

The cotagory of o ching [how., what it £3) sight b= determiasd by
avirasssr, of wis, Fither thas by ice Jpirinsie
form axd _compesltiom. -In the set J plastic Iakkdrs mF sam playn
with, shere i5 am abjact whick might be wn "5 ar 2 =1, depandin
on box ke halds 11, ther one could be & "™ wr sm “a", wnd stii
anerher aipght = "=, "p*, 4", or ™n™. I maver Inew vwhether s
ot "I" i3 @ "7, " owy M1,
- L]
:::.:r distinceivs batwren = bench ond & table doepend sa ey
[ L1 - a

| caa imagins Ehe samg bollww matsl twbe belng called 2 plps, wn
sxlie, a lamg pals, & glothas rack, a handly, 3 Shawsr curiiln
rad, kisd hiw many mert can yeu Axmal mil deivem ints & wall
might b deslgnoced & tnat haak, .

Fa part, these ohpervecioms’ I1lmstrate the &E7ENcwl ty of distin-
mulshing betwesn the category [axrence} uf a ihlag omd che upan to
which ix mey ba put {1ty ralmi), - .

Thars are alea Imtoresting woestioms haviag te do with fregmencs of
things, snd Inlvatiemp, 03 4t srill o dewwr after you're tales &
Write oot of 13T Dld yom evrr call i spuffed toy un suinai?

The Fumdameatsl problien -- Ohis paper -- 40 walf deseribing. Just
#u te Iy Aifflcwlc ve precivaly pareitiem & sebject liks perpsensd
daiy lats maat cstegpriss, se alsg i3 It ASTCicwlIT ts  precipaly
avkicion & subject 1ike “leformatien™ imte aesr categoriss Jiks
cocegavies™, “matbties™, amd “ralationshlpsT. NeviIitha)lewn In
rth CaRdE, Il'l much harder e desl with the pubjace if oo Sm'Y
atisnpr acme 3uch partitloning, .

RELATIONSHIFS . . . -
A relntimmshly Ls sp pasecintion asemg eoversl chilngs, wich gt
sansgintion he » particwlar aignifizence, Far h"rhr.._l will

cafur e the wigpificenen of an wrpecintion =3 its “recasm™. Thats
v s snsaciscien barwers you apd your 37, for tha revsisa thay rew
ovn ke, Thare's ap aspCintion Satween @& teacher
bacawan e traches It, Thors"s an  anaecintion between & paTE and a
warshowss, hacawys the part 14 stored phare, Maech of The deta Iw &n
Iafarmacisn ryeism 10 shpul swch Telatisaships.

Ralavieaships can W0 samed, snd fuy pow we will-srasc the . mAmE as

sl & elupe,’

= pleved-k

EXTITILS Ay ROLATIOTSNINS  I¥ EXTORTIATION ¥y

bring & srntenant of tha fynvem For the sbanglation [xhich wesnn v
2§11 ooy bimrs iwvwat wamgs which are viale pheraies, Hech &k “ip-ens
I e wanpl, wo hare o W careful e avnid confesina
txscm himals “mpd igstamcer. ¥r aften

By [nxilsnces: your swadTihip uf your CAF, yMur

percll, poRcoar slur's bwmership of kin car,
prucially w?¢ bt wnguallfbed term “relstlonshilp™ o mean o Yimd,
el add  the teim “instanes™ FE tharts vhat iy meant. (56, te b

pracine, mar ag definmicviom wap of o™ relatlenship imstamce, &
relatimagkly t becots & Collsctliag of pach “masocistisms barisg
thur ghiey frossa.] T

Ay
Beis thayt The reasss Lo an isportamt part of e relatiomakip” ™~ Mt
ldcatlEylng the palir wf objecky ixvelvwd I aar)rmooghl
diifevent relacivmships can enisr smemg b 1nme akjocts.
the samgy persom e * Brether, your masagef, and
:h-u ste kmstances ol thres diffarent reletisnakips bdlvern you
e .

Then, i

BECRFE, DONALN, ATP kML

¥e have pp (87 Limbypd saly at velstismphlp [Satiostes lnvelviag twe
thingn. Thiy cxn slze be 8F higher “dogres™. IF o cotinia 14T T
ahipgn & cavialn part it n certaln wardhewss, chim  that -
inshance of & relutionshiy of degree throv. Lf that supplier wean &
certaln trockizy ceopany 1o shlp thar
wx have o [dwrth degree relapionsklp.” - - -

Y wust distingeish berveen ‘h;r'“- and & ewaforingly -alsilse

swthom, If & FINERL lors fomr pesple, wa night visw that ap
an aspncisgjom smang Fiexr things. IT ssather depaTint smplays twe
peupla, wi en pane jatlom among chree Cings, kel we cowlds'y
say In  goacTel ihat tha “eeplers™ relatisaship has may partlcmlsr

dugres,

By procesd sur of this ditesma in several stepn. An u fEirst sypprmx-
imatimm, chinh »f & rwelatlesship {por o -imiEamEx] A3 & patiers,
hrem 23 3 32 af caveporiey (r.g., departsents and cmplayesn).
Iastunce of wch m relaticoskip chew loclodes eaw thing
caregery (f.x.. wmr deparimant and eme rapleoywn). The degres of
inih & relatleashiy would then b the wembar oF sakegparien in the
dafllnimg llt‘lm. ¥hot woe Mevy dosa 1o b8 Todeea the  “anpleys™

trintinnship from Wring an snppclerion batwdd whe  depariscat amd
all af It laywas to balng a8 sxsoglstiem betwarn wee departssst
ol e of It sapleywes. Al the Ceymar I3 crxtalaly a

Jagivimpts retaclsmshdp, It I3 difficnlt e smbjact 1t e
dalinicions) dipcipline, S wil] asly l vith reistiomsdipr in
the Jartar foarm. -

Epecifying che pattorn uf & Tolatianshlp o & soquence o categerins
is rometiman  Uow yestrictive.
peTEE L pawerdl calaperias e SCCOT AT Che Sbaw “posicisa™, ai-ip the
Cobk vhen one Chm " many kiod: af thimys, ¥a thareisrs intre-
-duce tha (erm “dsmals® ce deslguste ai) the thingy which say sccur
2L & given pesitien ia rﬂulu-hln A domaflnm may declwds
teveral cateEeriod. Thos W mighy descrl -

T8 haviag s damalas, with the First deasis iaclwitsg sech catage-

——- e e T— ey ——— R _
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pay that “ewns™ kv w relac-

« tjopakyp, bwe 1y Iz reslly o kind of selatimmsnip of shich there arw
wmnetihip wf yaur -
oy mow, s will -

srvarpl

your tescher -
aad -

part in  thar warshouse, Them *
. . - T

Thare are oxny ralsrleoships whigp .

Tais= ralatimabdp
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Ties oF soplearesd, deparroents, snd itrl:i-ﬁ:, shlle the recont
dorajn Imcluwdrd such entegoties as furmiture, yehicles, sestlonery
Wreplied, Computers, wLE,

“hacaln® sxd “caregory™ could b created a5 the sese concept IF {1]
wr are denllsng with o gystem which peTnits wartapping tlllf!rlll,
#.4., unlons amé subsets; (I} the srscem does wet impeas fneslerable
perlferninee "er storsge pennltles for malatalalag many declaced
cacsgorlen; and [3} Lt deean't bathar wur Intuirions te chink of mii

ovners 00 thingy ax & singie kind of antlty, mnd all wwnad chingy ug -

maether singla tl?i.
! I

Oma {lpil dmprevenedt in ehe sprcificatlion sf relatiemakipr makes
the spreificuilea more’ (nformative ad  less fersally surwcimred,
Enitend of asnigaing » densin to n sequeneinl porjtien im g patiars,
we canm give it = uniqur "rple™ oans :elcribln; it1 functlon kn the
re)ationthlp, such w1 “owner™ snd “owmed®. Thus &-rebaticathlp cab
by specified wa an unordered 3¢t (rechber tham u shqueatial paitera)
of unlgve ruly peaws, The wusber of rele . nanes {3 Che degree of rha
ralatlonship. A domuim §s specified Qe sach rele.

kole manen aTw -lpeciullz uwbelol whem several yoles draw  frem the
facx dfomaim. A "Eifspen ﬂlltilllhl:s would b defimgd over tha
rales “mamager™ sid  Smapaged". both drawing [rem  the domain  af
tepleyeas. '

FORMS OF BEMANY RELATICNSHIPS

Muck of the infarmation In an  toformanlom systes bn wbour relstipn-
1hipy, Howswar, sakt dets sodels (r.gsy -t ralufismul mpdal, TR
Mleturchivs, oaie artwarkp] ds mae 'm’.il 2 dirath wap e desevibe
wmch relationwhips, Wot preavide Smatead 2 variety of Tepresumtat]lon-
&) techalywes (record formark, datn ptruciuresd, [Im I!:;t im mpax
#F theve, and  [n the sccompanyiap resuslcklons ia EL dets procea-
flog systm, o ek abilivy ¢# auppore mome forms of rTelatlonships

¥oery well, some rathay clumgily, snd scms wot ot wll.

In #rder te a3dnas

The capubiliviap of & Shra wodel, It veuld balp

T hava  somm pyatrmatic  upderstamding of  the YATings feras wf
rrlntionshipy whlch con sccur In ren] [RFsimatlen- I8 The weEL fow
parsgraphs I wiTl disrwae romx  plgalficent chevecterisaicn of

Tatatlonthipe. A partlecular “form™ a
conbinacion of these cheracterlstics, A Sethod for aspasting » dstm
Pdel  would isclude 2 determination -af which femms it swpporemd
wall, poerly, ur sst ot all. Xote The smphisis on Coablunscions, Ia
most daty. modely yeu- 2an probably mgmaiv t¢ Fiad 5 wiy ta sbralm
most of Lhe foll lf fuatures, Eskea wma at & time. The challengs
}: to  auppary relatiomphlpa Lhavimg waprieus copbinitions «f thess
- fanturap. ' o .

u reluzianshlpy i3 then roms

B T S S S -

-ceriain aspects of deta axtractlon.

[ R —

- T T IroEmisd 0% 100 PSR by
ThLITILEAE WO PILAT ; . _

T “napyoriT, [ rean thay

* * ghe sreten vomehox  pernled & tenatralar te be  nyseried Far the
ealatlonahip fo.t,, Ethat bt 17 sas-Gp-many), aad -

*  ghe aystrm  thervafyinr anfarces the comstiyoist {0.f., will set
rreord AR fEployre's waaigament e mor+¢ than ene deparinent L

time).

Such auppert  Du afgen impliclt I1m the d4ta strecture  {a.g., Mler-
archyr) _Pnthf thasn ¥ebng declared eaplighily.

of charncraristicey 1isted balaw L8 probakly Incempleta; 1
fmeglar 1t wlil atways Be possible te think of additlensl relevant
criteria, Far wimplleity, we are mew anly conpldering - Yhlaary

retacionshipy, i.¢., those of degree, two {owo rolws}. The comgepls
{1 rt:Silr ganeralized ew  “n-nsy™ relitionshipt [theas of any

The int

dregreal. . :i
1 _ "!
Complexity i ’ . i

v | [

Ldabipaaliry migm be ens-te-ene (Separtacats nd Reanyers: sscops-

s rburds  asd vives}, sae-te-many (f¢parenents Asd sapleyees),
:: ARy -8 -EEN t:thitltl' axd cleyses; potTir and wiTehtmsey] pores
aspendlizal. s relatisnship betveen taplovees sfd  Chelr gurrest .
departmenta Lu ta cany, vhercas the C4laviDRThIR

trplcall (11 .
betwenn t'Plﬂrili rfhd ll{,thl departorntt  they have watked 1n (os
recerdud bm personsel files) i many To WAAY. . K

Amdther w3Y Ié ¢;.rl£t.rri" eomplaxity Ly 20 dexexibs eoch dlrectimm
of the relotionadip sepiratelr= a5 nimplh (napplag was tl!:ilt 1]
wan) o1 conplexr  (EEpping #as element to many),  [The termy “slagu-
1ar™ and “sultipls™ sT¢ aleo used.} Thup "manzger ﬂf dapayrtnent™ |s

simple in  Both dirsctioos; "nemaper of eRplorea™ 4w niepla  In oaa
direccion and compier Ip Lhe ather, PAclatiws 0 tha nuabkir af
“forms” of w=iutlomships, thils woold cduiat sz Jeur passibilities,
shnce & E0¥em - relatlonshiy, might ba nlsple or cwoplex o aach
direcelen, . ' - .

ls 1n vlaw 3 that it. corrésponds web] with
One advantige tu th Lrer Vary often a relatlonship: iy
being travesned im san  directlen (e.g., Tind the departsent of 2
given enalayes); the dete precesalng systes vrually 5 tg aktfel-
puie vhathey Lhe resull wilk CamTain  oR4 Vlewear  ar magy -
whether un  #iplayes night be in mers them our drpariscmi), ko
conpleniey of tha Teverse direceisa i of 1littie cescern (1.0,
vhethir of 80t tharn aT# slsn othar smpleyess da the dspariment].

it doadA't megpaF duch

Thus, IFf a jglvsn direccion 12 ~cemples ]
-h:ticr the r=llt1|lihip i3 I:3 or m:m. f! the Elrsctian Ly slople,
tha diavinctlon bervenn a1l and 1:1 say b imsazerial, .

— - ...

Lotegeyy fonsttaingy . .
Litker s1ds of 4 binary relaclen might ba constrainad ¢

—_ —_




- taTagary, constraisad e pay et vevaral :rc:ifi-d catygarles, wr
wacenstralaed (threa poasiniiltley am gach slde, for & tetal of nina
coxbinnileas). Conpfroing e o slagple cotagery U probably che sang
comnen bitukeies, ab [k the ecempley sheve wader “Conplexicy™,

Lonarralne to & oat of entogorfier ocours, for example, when 2 puraom

can "gen™ Ehingn ia several diffwrent entegorlus, or when the owner

mlght be & paviom, drpartoent, division, company, agency, o schani.
Thls cupa might b svslded by definlug ame mew Cotegory ny tha unlen
#f the athars - I you"rg desllag with & datn apdel whlch permits
arer)apping cotegeries.

r

Ir 41 hard te think af g rplactonship which 1y asturelly uncos-
"strainad uy  to categery [l.e., one that applies ta evary Lind of
Lhing}, but Lt oftes makey gonen to handle 3 Telacionship that way
in v 7yenl Jats procesalng syaten.  Pezhaps the  rrlablanship doey
happen te apply o a1l of tha things Tepresented im this parcicalar
duin bage, 97 T8 18 WAy af then thar it fen't  worth checkiag For
the few exceprient. Forbapy the installstion deesn’t want t# incur
the orrthred of =lfﬂf€1hf the corstraior, amd CTusts the applice-
tiond Lo asseri only senslibla  ralutienshipe, ©OF, the arites siapl

:lr t::: Erﬂ'li- Ay Sechealon for asserting end anfercing su:I

oG Rte. TR

Salf-Relatlon |

!ir-a pasulbilitiang '

’

4 ey velacionshlp 15 mer seaalngful betvess things In  the snme
tategery i - .

*  thimgs in the 2384  Catapery may be su Teluted, bot » thing Ba
noT be relatad oo lt-nllf ¥ R i § mey

. thingy may ba reluted ¢» thasdwives,

The Flrst cuse 4o again prebably thw sest commen., The secend

oewry, for pxample, Lo ergaalautlom  charts amd pares sasesbljien, |

Ezanplut #f the third azn gur reprovemtetives In gevaramant [tha
faprasactative iIp san of A1 sva :inltitilltll amd coavessers far
funé drlves (the canvassar collscts from dimesil}.. .

[ncldemtully, 1 sm thinkisg hurs of the simpls caze whars categerhen
ite -ttulllz sxgiddive, Whea cotageries averlap, an In  subxate,
things say s 30ve compllcyend. .o ' ' -

- —

"

nall .. L

On alther vide of the Sloary ralutiomahip, the ralatismehip wight e
eptivnnl [not eve ia marpled). of sasdirsry [avaTy waployes
Suit Bave & ddpattient). I will cemnt _thin o four comklmstions
{ewe peidlbiliclat wa edch lldli. nithowgh thars cegld temcelvadly
¥+ mote} tow af tha demilap may Inclode parera) ¢ntngorian, with the
relationshiy - buing oprionel {n dvmé - catagarlen wnd --uiltnrr in
athers. » 5 , - . cu et HETL B

o — - a

SRl C m o -

——— - -

"Consrquently, that  modf rlencataty of struccores,

" " thid eguipatac?™™ Ona few has

EXTITIES ASD ABLATLOSSHIPS LS INFORMATIOE 1]
fke Manbey of Fayes .

1
Trem with whin 1laSced Jlot of chavacisrieiics, ws wifwsdy hues 4311
foray [0 x F r 3 x 4), This mumber might Includy seme sysssiries,
duplicatan, and wraindngless conbipstlome, but sftar  suberacting
thope we athll have & wizenhle chockliist.

¢ .
mulilplicity of Relutionphklips

Apacher LImpertant criterian concesps whather amd  Rew tha  systel
raits mbéte  thin ons Telatisashlp wver  the same puir aof deasine,
v aaxure af the suppart afeza warles -sciording t4 che forms of o
relacianshipy InrnlrtSf - t- .

EIIIEIII
Lasmpling o€ 8 Cow [orss emd how thiy are hondied In  sowe data ;
mpdali. - "

Far Smsramcei  cartsin Co3ed  cop only be  implenentad in DO uilng
logphca) rriatlonthips  [latersaction records], a.g., wolf -ralstion,
Qr wultipla l!lltiﬂnlllr! over the same Joaninx, Tﬁvil chses fannpt
alap be coascralned cx b4 one-ca-meay velarlonshipe, simce Lhey ata
me longer part of & aingls Misrarchle srTucture.

T L]

the hamtpenrenn
hlernrchy {lh:'l 4 oryanlintlon chare], camnak be Fepreazated bR,
plether [ME or DETC. . . . -

Algo, there. .l no wvay te 2aferce o one-to-one talathonship Im [MS>
#xcepr by rtgf!ltntin; bath satlties withim the same sefoene. Thea
i reomes dIffdculc et changn the relatiomship, ot Iz make 11 -
sptional -- wbd youd cSan't have om spplicatiom  UhsE lasks
antity without Tha ather, | .

Tt sAv -

Som: systema {a.f., [IN3). [DATG]Y requirs M:n relatianshlps te have
aaly b 3ingle Cowtepory om Lhe Yparant™ o “pwnrr® wldm #f e
relacienship. Conslédat & 1:w relotlooship which awturelly ke
parents kw swveval categorlay (w.p., suppase thet liesy of coplin]
quiPRenT mry W ouned EI departmentn o dlvisioss, - but mot Woth).
It 15 somrtimen  Suppested that such 5 relaticnshiy com e mpudebled
4k the comperition &F sevarsl 1:w relutbionshlps, omd far cach porent
catagasy fe.f., oot velatlenshlp far iniaps eened %y depurtments,
and snocher  for thlepr.owmed By "'uaslons). Thin decso*c ususbly |
work, howgwer, becauys 1t {g Jd30flrult oo prevent” am ltem from -
havirng o parwnt in ench of chyse pulacionsbips  [1.a., vhaxr datn |
srructure would errantnisly permit o plecn of lqul;lrlt to br swmnd ¢
by o deparimat and & divities a1 the vumx time}. Furchermore,“this !
apprdach cresios B Unaatu¥sl . srmantice by Téplecing ema metura]

relatiomakip by twd wrihllelal cnoes. e cko aé LoAger 25k ~Yhe .
es engugn fn @ anlltwed dlaloguer

Nona?! Oh, them which

- El
.

"which department " owma
divislon oefim bt

r

this equipmeat?!

- -t
.- Lol .
.- v —— - =t Tl e e =
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RELATIOSUNPS AXD )SSTASCES AmM EXTITIZS

Iastpnced &f relstlonthips are thingy themsalves, shput which we may
hate imfursacion In Lhe Lpitem, B .

They have attvibutan.  Just o3 you have gn ape, 50 daap Four sasee|-
wtlam with yeur depaTimeat, your Spouse, snd your car. Far g given
part frrpe] stocked Inm & piven warehouss, theee 02 & cortain quanti-
ty on hamd. - .

They caa bn related to ather thlnfl. Acartaln pare srocked [n snw
watrhouse 13 €6 e Te-grdersd (rom  ome supplier: the Jame  parg
sigcked Em & different wirahsuss mey ba pe-9gdered from a different

suppller.

rotancen wf ralutionships can e

r-h.u" uliut '“hr [(biustrated
in 1hy arxt sectien)- .

could w» subjegt tm btk praersl
Tha nBaoep of Telatlenshign comprins
abke Lo BRawET

Erlntionthips  have names, snd
variety of neming conventlomt.
valid information. AN informstiom syprem thould bBe

gusitions 1ike: .

*  ¥hat Telacionahipe tlllt.htt'lln X wpd yT |

A In what nhum'u.ihlp: 1s x invelvad?
i

instances oFf & rodacionship eam bo ldent5f3ed (mamgd} ¥r idemelEying
the telacionskip apd the sntitind _bring Telsted: “espiayol-in, Jehn
* Jentn, Accountingm. In ‘Teal dystems theic Cohpasits Raner wf
iNstamesn EFe QiduliFy met represcnted expllicit)y, but are luplied Wy
the definisien and orgaalisacien af the recarde In & flla. A Tacerd
in  gu " emplepar File wik] sxplicitly contsim “Jehn Jomes™ snd
=Accpvnrlegz™; “emplored-ia™ Ly Implicitly wnderucasd By wsers of the
file, ar cay he factarsd sut into & fila ar recard description
spomgwhare. [ATe thare Taal sxremplas wheps wn inotence of & rels-
tionahip has & ningle simple name af §ts own, Tarher  thun & compg-
,mhTa Rimel) ' : .

& relazlemship {npt #a imstence) 13 ivself n cepresanted eaklty,
wlncy wo have definjtions] laformetien akout 1t Jn the systen (dets

abauc daka™] . .

R1EARY AKD N-ARKY RELATICIEHIME ] L.

. - 4

AN *n-aty™ velutionshlp has degres w
*termasy” r:lltlta!hlpl_ avy iq.rr& Fu‘

s reland.
thres, respacilvaly, .

Mrlationships &F dagres grester than twa can be deperibed a3 combi-
nations of ®ipnry relatiomships.- This follows frem the sbisywatlien
that un Inptance of = releocisnakip En draelfl 2 thipg which can be
telnted to other thiags, Comsldsr o' peranry celntlomchip wmong
paria, Wwarshousss, and suppileta, whereia & piven patt may
erdasul from ceteala suppliers fur oms wareleidss and from diffareat
suppliary [T smather wiTuboues, ° .t -

. Ke can -tl}y wich the Li:trr reletioackly Ssiweaa parts  and wares

yimary™ amd

I

Adew

" S{PST), E(P5T)

EXTITILS A3 TELATETMILS [2|ErHATION

bwwars, b 8., which pafX §n stered  Im vhich warthure, ¥a cem cnll
this relsnlonsh]y 'l{l.tlti'ﬂl*- and wo con B ach Jmatence of @
part assipmad ta 3 werchoose wn "pliscstien~, [Xotice wie Iafluenca
of lomgmapr #n aur thivking. Ay keving the sincle ason "allecanbon™
for it, we cam confartably chick of the Lnatasce af the relatlonahip
ar being 3 thlng dn itaclf, c.lllnE 1c ~p part stofed In & ware-
Bouse™ dex*n’t give it the feeling of & "thing™.)

¥e next define the blnary relationthip ketveen l"? tiers and alloca-
tioua, This blnary rr]n%lun:hlp Biterully Ldemtllles which supplisr
scrvlces  which allocatlan, Put, through our wndevstandlep of
allecacions. we kacs thaf [t reslly mesns shlch tupplier s#nds shich
parc to wvhlch warehewse. Nt have thoy defingd the terzasry relstlan-
lhir an F:il of binafy relatlomdhlps, wvhick v can denotis tyobel-
1y as and E(FN). -

{Kotatlem: "P™ stends for che binary r-:;tiu-lhii betuesn piren amd
varehaypwn.  TIMET  ptamd:  fer e LeThATy TR

smppliers, piren, and warehovases, “BE[P¥)" seands far » patticular
decaupeaitian of chis relatlonshipy bt ds the Rlpary velstlonahi
betvern wuppliers and the Blnary Itlltlnnlhi: Wervean pEris tns
warehoypes <+ Low., 1t 13 the biparcy Telecionakip butueen 1uppllars
sad ailacatlons. For simplicicy, we sxs pppuning thet ane domaln g
the same &b ofe  CateZoTy. Algo, the urd-rlni of domalns is ag:
Erlurant - tg tThis dlacusrion, and we can thareford " Ignars parsucs-
tleny of 1etters. FK 1t the sama v NP; 5PF, FSK,
slza x]ll sqwivalent ta tech srher,.]

the omly wiy wa could bave Jdecomponsd L
verbal deseription of v 1erMary
relationshlp 13 that when we srdey the part frem doe soppliesr we may
have it seat to rerraim warehousrp, shlle wo oy Bowy sther puppli-
ars sepd  The gams part 10 other warchousss,” Xow we  are thiskipg
first af u blnesy relntionsbip between parts sud suppllers, vhich wa
can call “agvge™ (because ] can't think &f 2 gaed d:!:rip:{v- aoun).
Then wa  construct tha blnarr relatlonshlp betweez zerge and ware-
bousrn, This Vlme us huve decompottd tha carpary Telatleonthip ints
thr twe binaty relocionshipe 25 and W(PS).

OF cowrse, that's not
relatleanakip. An  rguivalent

And, im ylailar . Fushles, we can ratlonn]llye = third I-:nnpdlltiil;

imea the Fulp of relaclonshipy w5 and PN,

Thetw ars slvays swltiple III: te decomposs relattonskips &f higher
dagrer latw ¥lbary rolaclonships. ¥y heve 1408 tha thres Pavnlbili-
tice -fur deconpriing certaryrreiagionships,. For degres Tour, thars
ara 15 Jiffurent wayn: FINT can be doconpdaed lots the forms ftliT}
cond T{FSEY, with the termary Tolatism in wach u
thess beling Secompopshls thres ways, plos the forme (PE)(NT),

(PO (5T}, and (PT)(3N).

An wxample o the form [FXFLST} 42 !mteresting t& loock st, becsuss
it 11lustrates how Inpzences of palaclonshipy nre themselves things
which can ke vreloted to wich other, We ¢un tuke P ond W po Wa parts
and  warehousdn &3 bafare, with ths relatlonship PN srill eeiiad
“sllacations™. # I3 sri)) suppliers, amd T 13 pow truchere: FINT o)
the rTalaglenthip that  Eertals ;uppii-ri uss _gertala yrechers: g
dnlilver cortéim parts Ew ceremln whrshowsey, Thers 1nm & relatles-
1hlp 5T bacwaen pdppiiets dnd truckérs -- which suppilerm uee which
fruckers +- sad wa Cum nrbitrarily £all theps “3ourcea™. A “ieurce”
ix 4 cosbiantisn wi sne wopplivr asd #fe CTUCkYT. Tha r-litln--llr
FEET - cam mow b9 sapracisd ag the bjinary rﬂ}ltiln:ll’ (Pw) (KT,

™ - e

tiaaship brtwvers

¢ omid



jrnrr tegular formet

.hingly wread cescapts Father than  conplax

" : Y. X%

betwenn alloacaklond amd spmrengt which mourcs sarvlces which ollece-
tiom.  This wew valaclenship 19 telaviag imsteneses of tvw alher

relatilnashipn, -

Singllicity

The Teasom we denll 30 Iomg om chese decompwiivicas jats hl:::{
fulatipnships Ly that semu ippertant data medely are foumded om
decoappyitlons. JFrom some peints of vlav kimary decespositlsa may
s the bast amd,aleflest way te d4rcribe 211 welanismahlps.

Tha meda  wdveatege of soch dacompgsitlons  iN Chef chey rcriit any

relntionahip Ea b Buwllt out of & kiagle kind of buildlag block {Lha

®laury relistionshlp), glviag the 2escripoian of w1l pelaglonshlpy a
[T!tlln - Hemge, §b im "lapler”, .

¥hechar ar pot you balievs chat dapeads sa xhai you sesn by siwpllc-
ITr. Siwpliclcy 1y wary much & subjective motlen, and  wr £an pive
It 8t leavsr ixg Leterpretgriomns. "On the ware hamd, aimplicity in @
dnpcr)lprive langunge C(FOT  Eatm oF progrand or  pnything 41ma) meand
minimlping the munber of 4 {ferear terms that cao be uted In tha
descripilon, 1hus mintmltlpng the nusber of terms thai have Lo ha
1earned by wivss ond jmplemsaied 1m the arstén. The regularliy of
binary velaxlomships provides vhis himd w»f sinpllcicy. Accerding to
thit crizeries, MRomam sumbery nrn Sippier tham Arasbic, 1nce they
vre Tuver differant characcers [CEk T0), For that matter, blasry
SOThtion must Be the Rirplast of all. -Also, By thin ¢critarion, Ehe
sigplaat computsrs af all pre Turing wachinds. Would yeu Jike ta
program your sppllcatian on anat T * .
Op thy sther hand, pimpYicity 13 achisved vhen Aascripelons can b
wTitlan coaclinly, sAd <R %a fatricd Om :lptr amd Im the mind a%
wadles of tlny comcepts.
This kipd of glmplicicy I providesd, for sxanply, la the relstiomnl
model , which cam dicsctly wecept & defjmities of 3 PSNT relntion-
;hig. rethar thap raquiring o aaquence wof dafinieions such  as T
E(xI}, P{R(NT}}. This Xind of slwplicity 18 #<hjeved ot the goat n}
regulying dhe systes Lo undurstand & Jarger varlety of construcis
{1.9., relatlonahipe of 2l] pessidls depress}. 1Tt  ia aften srpued
thet thip wealth wof sddicipnal conteeuces 19 rodundent snd sdds me

wew funceion, pimca -vurrttiuil cnn ba wxprevaad bn tarma of the

prinicive™ coasirwcta, A.§., mury ralationships,
¥a ¢am  Turcher {1llustretm the canceptn, amd srantIL, iz » lrlti!
fer spreifying arlthostie sxprrsalons, Gonsd

has carmn for axpressing wadieisw, divlslos, and counting, =zd
mothee liogusge whleh bns  &1] chesw rlh! L tarm for Taverspe™.
Both Yamguspes hava the sams ¢ fuactleanl] capabilicy -far descrlhiag
thimge, The Fieot 10 simpler becamaw It has fawear Eafnd t0 W0
dufined, leprmed, axd  ingriemented, Bat  the sacomd Jasguage is
llti-u:{r csslor t3 wmg Lf you wvamt -tw CORpULs an aveTege. T

T wrerngu & LIET of.valuen, ops writes N

", 7.2 = SUMILIST) DIVEDED-NY. COUNE{L15T)

in th‘ffétll_ilnlﬁlll, and - ) : -
TAERT R e AYIRAGE{11ST) el .

T . S o - *

ot one Iengunge which

__EXTITICS AXD WELAYIDRSUITS 43 [STONNKTION - (11

-

la the yecond,

¥e mighy  shserve thar anch Aind of simplicity 15 spprepriane " o &
differenc lavel is the yysiem, The First laagfusgs 13 spprepriste Ta
m hev, intermal, lwplémectatisn level of the syrtem, where implemen-
tation cest is of primary rongayw, The cacond Esfpuaga {n apprepri-
oI [8 & highey sxtarnal latetlace wvhich 19 28en by users, e
kind of cransforsatlon process Ly rsequirsd betwesn the levrls, such
ni & Isngumge tTrwnalater vhich takes ¢he second peatensnt whave s
wrltees by & wger snd traoxfgrms 1t date she Cirec statveent abors
e be dxecuted by Lhe srstem, Thls.eocrespeméds, for exanple, e the
Ieplearazation of & Telutionsl Jete Suse om top of am imictfece
ifllill an]ly in klaery celsbionships.

Thla sptit ITswel nptrulth.hln peme disadvancages. Since the direct
inteot of the wyer 19 nat  transmiteed co Lhe vAderiying systam, the
FF$E4® may hot bd s8¢ to optiniiy and prrfomm the  Funciion i The
brst relble way. 1a tbr averrging zxample  sbove, the T3TRA
exckating ghe Tlvet statencar vould rake tv¢ Patces through the
bist, snce ww sccumulate the sum and ageim Cw commt the elenents,
IF che gysiew wmderstopd “average™ diracily, 1L weplg do both IR BB
pars. .

' .
In & nutshell, slupliclty can masn wlther &' small wocabulary - or
COnRCH ba d::crlpslinl. Both hare thekr ¥xlua,

Inchdentally, Yot me mentlon stf1? & third dind of alwplicity, whick

smay by dvem more Iapartint tham the otfher tww in the ares of dats

dvscrlprien. Thin 13 "[anbllervity”™. The ssvieet description syiles
faT you te learn sud une toyrectly may vall b phe pre which.-ls,
slonest ta poaethiag yeo wlrredy know, regardlens of haw ab}.:tlrrlr
complex that may ba. It 1s precissly thiz phanomenan, for szemple,
whith mikes- tha mertic srstem of menpurement souch less #inpla for =a
{and mosy oF my raaderi). 1o uge, llthuuih it I3 ebyiously wimpler »r
xny sbjeceive critarlom. The treuble with Lhis ipproach, wi caurse,
In That dx is pwh]ectlve and deprads very moch on cho the usess 4rd.
liow 4% ywu weasurse 11! Aod doss 1% lend.yom te fuppart- » awabay af
1Yetdwn, sach appealing 1o o Alfferent gprovp #F wsetst (Thera 13
This hidacd: che apparent FamSlinvity can alse lewd urers 4BE TRY.
Ther #fx prons te maklng Felpe assumprions wbeit the aystam, In
thess ciges where the sraTen doss not behovs the game ws The thing
they are femiliut wieh,} --

Unhecatbpry c1;|g.|

Ansthel camcarn wrisen From the fact that im dwperibing an &-20¥
relntionship s o compodicion of bioary relatlonships, ens has ta
Ltlece one af tha mimy :p::ihlr comresftions. Thar is, sae has-tw
decide whather ta apecify ME g3 PLESY, K{FE), or S(PE). There I3
aften nethin I the wily thiy waers thinX of ¢hls selaricaship te .
Prefer yuy Lorm wwsT the ecther twe, HMemce thiv  arblirery chelce
should not hews te 3¢ sade in thn couceptunl modsl of the Informag .
tlew wysesm. Alun, therw b3 o daager thax ehin forw of ppacifics-
tlon Pay becoms entemglad in mpldmantibion and perfarnince
COREXEAL. . The spechficeclon "F{NI) supgests wn lmplementatiom ia
“hlch prople just dateresiad 1n- the TIATLMASKIP batwewn waTakousey
fad suppllars, f.o., W5, will got BOTEar arvidde then thasd inter-
etved waly Lo parts aad warehousas, L.oe., FW.. Ady soch Leplicatiss



it

= an thotd destr)lhed

 uf the pystem, Lt 10 difficule ta appwar 3

- *
" ¥, oy

in tha conceprun! madel vhould b avelded. An adminlstrator iy 1d
hr fres £+ changs the Implamentation structores and perfermance
optinlistioos whthoue havimg, fer wxsaple, tp Teapeciiy F{YS] aa
BFX) .

EXFLICIT AND IMPLICET RELATIONSHIFS

Explyciz)y Pefined Rabtwptianabipy

Expiicic declaration of t.lltlul:hl:. sruits thelr !l:slrtlii {omch

in seciien 0.4 0.0} to b dpecifisd dicectly t» -
ths aystem, t& be.snferced independennly of the reprusentation of
tha relatlonship. . "

Unless bamen L1 lﬁlllllnlhl’l e t:uw; o part of the dats coutent
qnathey an?

*  “What veletitorhips sxdnt betwesy = amd pT™
* =T what relationskips 06 x imvolvywd?™

wxprassnd dirset]y in  tarmx of

thore G consldarabls latitude im  the
eelationthips, with the aiLeTmatlvra

Represvatithon pprions iac]lwie: -

¥oyn the wmanlpulecive Llncerface is
nangd ralatiemships, chen
miooar ®f Iepresecting cha

wxing hiddsa from the mpar.
Srabetic Jindagew wia matching fleld velwes. .

& pternsl Pipkegus yuch wi polatere. . i ’ S

. pcluslon of Suck lipksgas mich ather sttributes of the -ut}tl-; "

orelvad (a.§-, polaxing ¢+ or maning sach athar). -

4  pepciusien of seeh 1lakigey in = Il'lrll-‘ strysture (=.g..
lutevsectles records) which reprasents the relatisaship. N

DO |

*  corputatisnal procedursn, such ax cemporliisa of sthar Telstion-

ships, ar comparlzon of attribuce waloss. (Such procedures

could only b used fop Imquiry, ool fer sgdifiention of falm-
vicaships,} i . -

. Witk maned relapisnships, the syotax end semsntics of yuarines cin by

mpde sinpls and walfors, independent of the mxtbhod af repTuienting -
talationehipa. {Alsy, zhe fors of the quary Lo 1ikely (o 3o closer |
te Ehe LAtural languege fprm.] For exzmplye, sn Inquiry regparding am

“i3 symployad la® Telntionthip-couid concalivably be  hendisd by g

rocedurs whick starches .urlnrn.;t pLlacory recnrds, laching For the
wpareoent to whlth the smplayes way mant Teceally franpferred. As
anzargion that someons =iz enploysd (B™ & cerciin deparrdent coultd
ba hamdivd by waking 5 wew #nnry In the smplaymeat hhatarfy o tha
effacy Thet thr enployes wat temanferrod imee that dapareaeni tmday
far sbar the sraeTrlom might alee provids sn =s1 al™ Jagd). Semr
wrers woubd sppreclate mot Raviap te know that thls  was the imple-
mantation af the Telakienship. -

Ap mmpihay |§n-pi-..:nu||i.r15h| logulry “Fimd ai) vaplagear Jncalsd

——— s —— -

- T e om ow

. Thiz  approsch werks berrer far I!hﬂitiil .than  for wpdates.

ENTITIFS AXD RELATIONSHIFS 1X IXFORMAT IOX L

la Sesckton™, Tu & Fecerd oTlented medul withour sdegante npuil-
iy for mamlng relatisaships, the user 10 a¥)iged e dhscaver chat

iscations are speeifled im Jdepatiment Tecordn. Thla wrar ban ta
ferwulnty & spurty which seivcts tha pecords of depariments Incaewd
I Steckvew, spd then Findp Lhe cosrespondlog employees. 1R Sequal
[Ascraham] , [Cheaterlin}), Far exeapl®, Ehe query would cuke the
oTR
SELECT XaME
FROM THI'S
WIIERE DEFTXIM -
SELECT DEFTXIM .
- FE(M DEPTS

MIERE LOC = *ETOCETONY

Im coneruny, LE

ths uter H‘l‘.stiillri with a defiard relationship
maacd “locatsd 1x%, Chew ke mé

mot kAos whothar locatlan 1nloTma-

tles §1 cootajmed dn smployss records, depargheat recards, or
divigloa records. This oser 11 sioplr Intereated e who works
vhare, e negd nmat #¢ Tarpennible far Amawiap currear cetporsts

ractices Teparding the ceptrablizacion of Jivisions or deputtoencs.
Tl.t.. bt newd mot knoew thy functiooal dependemcon.) Fyrthermare,
LI chese pracriges wote tp change (migratlng the lecatien sttributa
from ane record {e mnocher), ma lqa{ afk sommone wAF  kind snough tg
Rodify the Intaraal definttion of “lacated in*, then our ustr need
naver be perturbed by cthe change. He can conklous to luguite sboge
wha warks shere just 83 Ne Jid before.

Ts
chinge bn employrs's Jocatien. ond does have to kbow whether smploy-

" wre con mave ghoot Independpatly, of are cenaTrateed by the loceciom

of their departments oy dlyitione, Thls kaewladje con  be glesmed
from the organizseion of ehe releriond 1.4., the functlonsl
depsndencenr == In & Talational daxs baxs. [t can slse ba apecified
In cepaistency rules im = model which describes rabutlonshipy

dlrectly. . . . -

L L]

Bezd * pet be juplymrnted Wy  Smterasl prrucinres .

"I
Kamed v lnthonahips
They could Ssa pravided by mtsan #f “wacro™

1ch na pelaver chains.

faclligitn in the Interfsce Inagunges. For sxample, & macre faclil-
Ly could cdncelvably boe  sdded to The Saqusl . language, whéirehyr a
aigTe named “locaged-in™ could be defizpd to sxpand Into the Sequel

An wnd vrer mipht then formulats hid query
a8 "fizd ¢aployess locsted-in "Stechton'™, witheut Enowinmg #r £uTing
shout mucte szpaniloms, Fmnctional dependences, polStet cheian -~ or .
tvun antwirk vo, ralatioani podels, .

taxt Lllustreced abavs,

Of couryd, thar wame “lecatrd-in*™ ralpileaship coold aisa e
;ttllnttd te Lhr widT In the tabular fors oF thy Talationa? model.
here could be am  loterfuce at which the {sppareat} axlytencs of

such & relution Ie apingalaad - for the wear, Sndependsar of Che
savnyr im whlch it had to ke saterielined (rom the real undarliring
data (cf. [Boycal}, , - " e .

. - - =
Maving pimed volacienships oy su integral pars of che npdel 19 ooch
the aumg lidea an povcaivisg tha modul a3 & 34t af functloms
I:ililull- The sxternal vwper wnderatands thn lpfovsstion system by

eving the -mumen and dapcriptians . of the funcelaas, fhe raquired

AFgunrnts, snd the wxpecrable peturo -waluas, The funitiomp corres-

pond Jirectly t#  the piartg somantle underetanding of che laformus

Tiea:, The kmplessnrstion ofF Lo Funccieas Lo - hidden Crem fha grar,.
- - _1-'l Fl N

k

[P

+
1
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IThe “1iuks™ of {Teichritzia} a3d  the “sebactlem wtructmrgs™ ai o

1[{:!!!#!] ilsp relute ww the concepr nf specifring méwmd relunion-
ihipr.

Iepllcte lllilihl;hlgl

; a

Thate I3 a2 Jisadvantage to ayitcms chich deal only Imn  pemed yole-
Vionsbkips. They lioit Lha woer 18 (olloving pathe whlch have Sevn
previously decipredd by o dUatn sdalalstrater, and make 8 diEFficult
ta fallav pathy impliclt iw othar dets yeosed Lm The iyites,

If rwe wenbicles-are rcolnged 10 & third Sn say way, tham  twmt in
itsell comprizes & relacionsblp wmong the Flrer twe, One snplayey
Aalghe work 1o (he snmg dupartEmeRT m3 ancther, , The smcretary af 2
dapartRest probably sarves ot srcrevary for each smployes {I
departnest. i

CATTributes cam provide guch Jlaks Ln  the ssae way 28 trlutlopahlps.
[f am  cuployee warks at o certais lecariom, chis fmpiies ehat ki3
departoant has poRcome warking e cthar . Yocatiem, [ we Nawe &
mychamism  for entsblishimg that [wo aciT!betsn ars “lh the sams
docaim®, cthes we cCam Lafer 8 Trlatlonahip becwaan Ewe  eRCitles
having 1he sane wnlue ¢F such sttribures. L.g., wr gould infar phet
. & puppller und » warehouss wte In the sapr city. .

Both tha dosain and the rola oF the atrributar musc be compidered,

té avald Aisundaratunding the significance af the fmpliad relatlan- °

lhlr. If an enployma way hiTed am {ke date his mansger praduscad
collsgn, wn musen't dafer that thap uere hired wa the Jeme duin, g0
bern aR thr zame datbs, .
Oihar ELnds of arroanous loferences alpht nlse ke cacvtlasely drave.
IF & pasx Ls  available from a CocEnin sopplier, and & warzheouse i
detviced by thae wopplier, we cen't imfar thit cha TL by prockad
Im that warebouss. CABE wwam §F b2 was, €6 mighe B¢ n Adfferent
. muppller vha gupplled that pavt T4 that werehouss.] This is che

“conmsctlon  trap® [Codd], wherchy ne erTomeoun Imfereact may e
dravm from the "jain® of tue rolaclemships 4o 2 comnon domsin. This
k4 & user #zvor, Eet the fault of the dacn medel, Ln sscridlag the
wrong ceaning ca che rosults, Tha uier arres azises out of mipcnks
«nly thklng such relational operaters us  “project” pnd "jale” to ba
invarss ﬂ:l!lllﬁnl. llrtfling that perforeing the twp In succrapion
returay the origionl Laformatlen, A projectilon cap decooposs ohe
ralatloh inta cwi; Jalnlag thaae twn Zogs 8ot gacesauTily Te-crantas
the arlgleal exlugion, . . - '

Bar of tha strecgths of tha  rebacional medal 15 that 211 juch
“lopliciely defilngd” eolatlonshlps are readily aveilable, aimply by
Jalsleg 7elazians. wn 3 comman domsin. Bt dows - requife, heusvet,
that ulfTS earreccly LBEerprat the sennlag #f the jeined reletloms.

In gh volatlenal madel, &I1 sukh ﬂ-hl!n.lll:: are syually =la™ fhe
l:lt-n- Oma <oold Ylaw g9 & dissdremiage, bovever, the  facu thet
Chey afe d]1]- i-rliclt. Selatisnshipr sre mOt !p¢tllll'| nonad, wr
dencrived szplleltly 1z the relationa] medel. AT bait, they nf;h:
sarsyifes Bo \Rcorporated Emte Lhe “coajusn oanos™ be the Telatisas,
#1 Lhy shinm ol the parsen deflalpg the relacion. *

-

thal

1

" EXTITITS AXD FELATIOXSHIMS X ECFC™ATIO0N .

AZeluen Nens [I0ke w  fisld mame 13 & reeardd realty pavforns ae
Twast tvs fumétlons CfMalll, (AX$IY0r 4 whould ls!t“r et dosain
frao whigh the robues may bo druan {.p., dnied &7 ¢Pillllﬁt!I: and
aluw the 24pniflcance #F lts  asavclatien wbih the enciny ddeacifial
By 1he kar {#.g., dstn el kire, or depayeiment soploved in}. Thare
iy wo formaliem In  the relaticons) model 1o dlstingulsh there cxp
functlons:el tha column name, pnd ne discipline which Il.:ltnurl.n‘g
cailing a €olumn jus: “dete® [or “hired") trstend of "dara of hire".
[Codd] wuggeste prefizing a cole nane ta Tha do2sin zane to dlstin-
gulh tws calusny dravn from che sixe domala; [ANG]] racoomends thay

It L go0d Practice FOT dn sttrlbyia nams ta cantsia bath the Tols
[T “5 ths domaln aasa™, Ihis Ia presumabiy only for the banafie
af bumsm Teadeei. Therw im po Jdefined aymeax by sbhlch the syscem
may artract the dooain zemes, w.g., [0 verifyzcoomohelity of domsing
for & joia tpavatioa. Nar ceuld 4 guery proceddtr fallow & chalm of
rolaclonsdips, whees the puces pf Che re)atlcaships  were Soatelusd
ba the Told Sartlomy OFf tha columa AAR4S.

concLosIoN

1t unefu] to exeaine the oaturs of Informatien ouishde the contexx
of any particular dath procesazing technolegy, Tb i profitebls te
taky & ptive and aopen-mlnded look nt the 'l{ such cenceprs da
“entlty" and  “relationship” actuslly fupction in  gur (ladlvldwal)
views af realicy. Lo : .

1t could lwad to paw n:ioctirg avaensmentn of cha  gapablilitien of -
.

corrent tachaslegies,

peiny te nav diveceions  (and 1lmlta) far
futury cechaalagles. ) - -
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Weinichng m tiamened A comc el framework wie oy G o e aded s as weeesineied Tashaon w
iroduced. The Binary ko m-ary relaiosal modcing appwoches are then dicussesd frum Ut povg
of vitw, Aiso Uk papet Sumiienls o8 dome 3pproaches which inclsde time 21 3 byws CORCEPL in
their fromeworks. [f b concluded thal, whe 8 densgnlag  concrpiual schema. 8 lime-incestnciod
dealgn kvl thould preceds the specificailon of 2 firale, time retricied coace pLual oo ma
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According to the ANSL XL/SPFARC study groog (ANS-TAAY ihe ‘vonceptadl schema” diwcibes &
Kemdted. [optiriciod) comgr plal Doade | of [paris of ) the teal- wgd (W], Ty avcadi] i Susntained
for sl gpplicaliosy Wik wrvrad moudcls for the conctpual winma have bren poggesied. very
Jew haws pasd dtlcniscn to the probliin dow G srucmatically deugm poch & wchema  In dhas paper
we will poy directly and eaphicitly sddren the process of desgaing wd delining w conce plual
chegon  Inadesd, wa Will ducy modeling 01 Lhet conee Mual vl and pay paiculie slicatoa o
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it w3pect of concepiual Informution wmndels of AW apirms snd we will discps o 1ine i
ireeind. of rme be srraned, in rarowt concrpionl meskeBag spyrvsche.

b
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Drealing wiih dypumic grstemn s |I cemrin probicm [n engineering and seicnoe. The bohavior of
ayiiemy v conceprivally modeled br #ris of pquallons where 1lme playx a fuadamenial mie 51 a0
Independant warlahie, Hum:rlnl trenimend of theae cquations requires, hnwerer, thel we
trenaform the model to » Thacreie ene which anly comnslders b Tlaae pei of poinla on Ly bme wxia

. We thes Moy Use naw of de ixem o wrima poant in lime 1 we iy, for compaiationsl

rearond, Letp o Walory” of u sel of eodkel nlates an dalletraL shone pointa In the Trmaed compata-
Thinis) Morugm —- 1 ] 1
. ] =
Modeling of sdminduiralin ayutami kas similaritios with mathematical mideling of physical
system. The differences sea that in sdminlarative sysiema we have (0 dead with {nrpe wnd drungly
warying vets of entitics and (hat several wapects of Ihe behuvlor of theor pppeanm aee difficuk 1o
approzimale by traditiens) mithematical equalions. Howrver, in bous ceoes we with [0 muksisi o
sonceptunl model of some gritem of lotorest  Whike mathemiticiing have approschd e
modelng problem from The exliting saibeoaiical framework, Informytion scienthag’ hive
wproathed coacepival modeting of wcpEnisalicns end ddmisisirative prtiows from a
‘compel bilona! frame work’ whick Inlilitly was wepired” and resiricied by cxisiing compating and
Florage machinetr and TonCEpl s canmple seqmeniin] Ivpx procoesing machinet), Even loday
ks COMmIth Lsonal rtsnurul are nod undimiled This Fact Ay chkenrly infMuenced Lhe developmenl of
soniepiunl modeling concepts for dm base wpplcations, The AMSISXI/SPART report (AN
1 15A1, For laatenes, desls in tha ' cemcepinal | sibe Wik ConCE Such an proncepust fiekdn,
- rencrpival presgs, camsvpival revands and plexer {nod neceasirlly motcrinlized). Thhis ahoudd
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In this paper we will therefore uldr bow dhe 1emporal dimension can be Incorpomaicd sl Lhe
mm:plull brvel and sureey horw some walier tpprmchu have dealt with this problem. At the end
" e will dlscuas bome consrquencel of wel mmwcriu The tempors! dirension sl the comorpreat
maodeling beval in our discnions wy wllunr ﬂlmr-lim. B30 B0 Sl ]y Goaply o nataplc wiich
unhnmnimﬂlnllnmmmulpﬂﬂhﬂ Ia xpite of b mxmplcity, L
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1 A BASIC CONCEFTUAL FRAMEWORK

In this section & bricl sverview of oer basic Irunework sad Hs ekt fvidna wi be gives. A mors
WhmﬁhkhmthMQ. .

Thfjnwlmumﬁlm“
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THL TTrHPORAL DIHCHSIGN IN THFOPEATICH HMODELING

The roscrpiiel model renim, mhich eoalaing sodions of v adarwet model JAMY gnd 1he
wfarriatma pandct {1M].

The dommbgswef ealm whech incledes nolions of dew sewrtvre |DRE) ond Jrapr Jruchior
mndcling {5M).

The frumework wlso includes descriptions ol these modelt snd the design prokeaua (mappinp)
{tom one realm (kevel) 1o the meal “lower’ realm. A pertlcular method of formalkon or data
modeling in mom or jres explicily concorned with all (bese fe g dessppilons asd processy.
Miond mwpthods, awrver, focw Ui sitceion to Iechaiques lor Selinfmm wad rcpresesintion of
informathss modh or dels Srwciane podels 1 B sbvisug, slsogdhel et wie of & paricobar
wechnlqu siroagly Inflsences Use way Lhe mamamp /depipn proctmen above mx camied ol Lr. e
way modet al differenl levch ant developesd

The sugpetied fonmework teaty, to n eondderahle ¢30enl, £ sn integratlon of notient snd canceply
Toe Infarmarion medeting tupgraicd tarlicr by e wnhor (e for esample (BUB-TIC), {BLA-
T6A)Y nnd pihery [1ee releremir bal). Tie mosn bnponam of herm b, we bebevr, st considers-
1hn of 1he oy oiwcsier bt information modeling mppedicd by Langefon [LAN-
BEAL The somrpred mpanlion of sbared modes snd infermacas model - o adomnation
modeling lanpaspes - un sopprdied in (BIT-15A) = ks sleo helped 10 danily ceriain concrproal
wavey, The Lme dinennbon b particulas, s will be ghown, Tecllitelcs § nos-procedursl and e
reairicled ireatrment snd descriion o pecdels 3l the conce piUnl abairact and ind ermation modeling
bevefa

The suthor would Nie Lo sittw thal the cugpetied Iramswork docs wol clabm b comniietr 5
womphets “tool-bon' for aformetion wodcEng  Tha mase perpons of presenting § ol ol of
& by it paper b 1bat K daciusies » discwesion of cort ke modeling e,

The rral=-merld reskn

The wljecr parrm of an Informedlon aystem wod H dais et b the part of i reakworkd which b
rilavirst (o @ perilcular spplicatlon problem. Thee, (e proeess of defing tha mbrranl OF s

vmntiaily o g oanlyry end devipm metivy whvich Imeluder

Y wimady of 1hy scins] orpaniation’s poai objectivey and poliches

+ wody and/or devign o operailoas, Mows{pudarsd of Iformetiom b snd deciion procrmes,

- wtidy of the orpanlwiions mitraciion with U cariosmem

- driermination of informatbon needs snd requiremanis

- udy of ke Information Irstem’s ‘socho-leckaleal” oropanies snd conmquencas

- apecificalion of gosh.cbjectiives and requiressnls conceraing the Informalios yyaem
tochudlag hx dala base [imchting o paiemept of deslps criveria) owe
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publibed [ pes for czample [CGR-TAA) for ea eciclusd servry and {LAN-TACY for ¥ grasrd
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The cwarrpiusd reaks

The concepwad reah® b wces b nchods [wn pwbrealmg wiich o Gulined below

Thr abzrrect madel rrabm

!
The vrgachathen’s {or phruicsl $ysiem's - v aa engincrriag 1ype application) deis kg wif
shimaiely carry Informziion, redrescared by daie, sboul &8 slorocr mode! of Lhe organisalion
(reap. the phyvical 1ysiem). The folowing st our base wotions of (his realm:

. Ly, a wmdcTiord concepl. bul which bay bees Wihdicnlly well bl oty pontd bl b
by dewcribed by oibwry {for canmpke (EYL-52AE.  lilially. ow reskworkd and objpecy
Npsem dicoanr consiugy af an usglasnified, varylng st of objeeo ooacrole or #bsimact).
Thew correspand Lo m sel B o0 eotlilen s our absyract soded

. m:uwmﬂwnmﬂnmnhuawhulﬂﬁ-;um
of wnlinder, .

. Cancrpf «lau: 3 toncepl dans C, v awbier of E. such that 58 rnthics of €, bave ooe

Propeniy b rommon.  This b the difiming properry of that comrp cam Cowerpl rhirs
may bt deil-disjrdag,

Aswcidniion: sn msanelulinn is s well dofined retsilonship beiween o fintte sumber of railica,
where Pch Endily plays o well delined sdr fpoositly multiple mles). This reisibomly res,
coacrpiually . bt for dme L iavaly of only For SwCTTie pony in time ! Amanciul kms whih
Ihe Krme mrLning, b concerAing different srte of cnlitics, constiuie an ssockirion Dpe. 10
b delmed b A0r:CpiryiCuf o i CL) | where &, denales Lhe musocisilon type, f, Lhe rodey
ang Cg, deralen copcepl clatses, B mome sivphe Chsis Lvg rodct mrr plviows snd com b ket

ol ,
-,
L

*  Ewwi? photienl i an nbaervetion of dectiion ba the ohjeel eyticm st time L of the beginning,
rading o scexrrenor of wnme awociallon delined in Aur medel, It by andernimod thal g
wvenl b lways sxinicd so 8 ilne polet of lmicrend = Bi sccwrorey of sbscrvilion lme,
Fotibermors, we cun disloguith briwers starmed rvesis i srrasd $mimin. Bol e
pans of cur modcl bot exterunl evrpts Yo om the bowadicy” of of srkcm am] cun ondy be

P T NER P r--l-’:.-......lﬁﬁ. hbowt htarmal cveate con i Iheorelically {(momeiimen approi-
"7 mnicly) derived and prasibly 5ha moriured or observed In T object SYTlem. As wu
tex, P dilincting bei e Them depnde na whar wr vy drawn the Shwirac model's
boondery. Evcols cas b Wipgerod fr sty rawfonl events outshie the covtrol of dh
nformation Hreicm e by exicrasl m-hmnmmummmmum
Hate of st eoxlef, '
. MM“MlnythIHHJmuulmmumnﬁ.hhm Tha,
¢ overy womrilos it related o RS duertia des L TR Supreecios A LKr T i),
where £y ¢ Cp I plher wrar oF fuler Iwmmﬂuﬂ.tu W mpene &f My composants
4o oot exil wit). Basbcally. and practically, we are nterstod salnly b Urow assedioas

s

* e ey A o beciww R risttieen which con be perrre s [dedeiced | Lewr e Dt Sagpi o

Intormuiin ahowl cxisling eveats and &flan] dedecion e Comcquently, every
cotlusion In anwocloted with a6 leasl one time paitnt oF Intervnl - the Lnoe when e ronche-
wn wries drywn,

. Tirwr: Relatinmehip and seaisthores in the rewl workd da frequenily charpe . 5o do vt

of pariicipeting rebevamn entlibes, 1L iy necennary thel these propertles ard ghven cxplict
comtideration In ihe absorset movel, The conceptl of Jimr e therefore fondems il In 1be
eeabn o comepipal modcly. This s been corler rcopnised by spme Pscarcher i e
wes of Information mrodcling (st fof cazmple [LAN-GEAL, [SUM-TIAY, (ATH-TEA) and
AFAL-TIAYY arad ainp by & Jrw auiheon i b ficld of wrilicl Inlelipence 1 Tor rxample
(RAM-TSAL. im cur sbatracs mlcBip framcwinrk Ume pluys Lvo kinde of robs: ronmk
and intmark fof algs (YOURARA)L  The pxirlnsic lme Iy the e when » purtiowlar
musetbon s made o conchshon B diiwo. Wheiher tin lime selyiinnakip b rapicicly
recngaired o el afugry FooiE. Ipirind e PITT 3 fobe e part of Ohe definiton of
arwncinioa type, Le. f constHwies parts of B “eeearing’.  Am snochition (rpe may of may
#pt tonlsin inldnue Lime composents.  Comshder Ive Inlkowing exnmples: we drae &
conclucian s tlme | L THE QUANTITY OR TIAND OF ARTICLE XYZ IS 41, Here o b
euitimic, Nexi. onacider Uhe prierlon at 1, abows 1he sbow tonclerioe, 1) > 1, 0 AT 1, THE
QUANTITY ON HAND OF ARTICLE X¥Z (X 41, Obstrer thal tha Loner b trme Tor o
exibmc Ly > t, bed that L, har how ‘moved Lo ex indrissk roke’, Consquently, 1, will sbo
mave (6 60 Inininzle role W we siecrt 11, 2 1y (he arecrilon atmn che Mgt conclision e, [
Nghy of this we st thal Information aboin evenis cam be ioem s cisertions abol amociationg
[describiag (e pvewi], wherr 1he cvent ocowrrmncd of observailon Hime Lay moved 0 .
hwtristic role. La ow absctact pandcl of some dpphicalew we vl somely beve both
wemclaliomn wnenlony sbowt whick do or do ool depend om | cxtrirug eesErthon L.
Thosr which do i depend on time represent "aabde facis’ or observalbons b our mode]
whett i Fairinde U relation Implicliby o7 paplicitly slwars s presest.

An shairact wndzl i delpned by nbeprpiing krows snd snticipaied lalormation require ey
from symem owners and Secal” oscrn INUD-T6A). The devign proceu bnplica sbairacibon of v

.object sywlem and ciaaelfeation of entlibes, evenin and sveoclullons inlo clisser and iypet.

Pescripbon of e AM mlsa Incliks rinlcmenl of nxhomy Somceralng shopende Schts Sty
udm“ﬂtMMHmhﬂmmlnﬂ'MML M i srsbrable il 19y
shepcription of ibe sbtract modcd = won-procedural [

The "nate’ of w0 abpirect model (or Aract sinte (HIL-T6AY) =i llowe § b by many sulkors
comzidernd 10 consist of thoes endithen shiich &1 f Tyzit’ e e AW smd thowr ssoclailons which s
£ onmm odner. The LRE:e and the DiTe Sre Uerm cusipurd (o Silmiele o oomed) carress sBotract e,
This ‘vasrngr 50d omrve Lor-allcr Rebrated” varw i, sty bl Oer-siocract ievel, 1 crthon/
dele tion fapdulng problems snd resticiy the modal's sbflity 10 svolve s new [nformation
regqoiremrnis In the ohjoct spriem ariss, Owr genera] noibon of sn abitrmd ouocle] C1 bt Infocoathy

- described

-

An shoirany mudel W a mon-decreasing st of wtieriiony gl OF-reenin. 8 Wt of
m!ﬂn-ﬂfﬁmimeMhﬁ“Mmpilm-i
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Fenr tnstunet, & ronckning doass uf thwe ¢, oy not be possible b draw of Lier o, where ¢, > f,
bt the {0 thid W cowld e dryws ot 1 may wB be of macnueer 1o e problem. We ol
stiempl 10 eliborace i nodlon kn conmecilos whb as seampls bn Dve oL secton of This paper. 91
in deslrahhn thal L degeripiion of sn sbalruct mode] b ron-procedural.

The anfarmation wodle|

In the phatract reiby wr hove Tocuwd our pitention to 1 ey of the model, Le, which
EnlFica, pparkeions aned £vrwis to CONYides and Lheir rolalaomshipn mnd depondoncies. a0 g
menl wilh {HILsThALICHIM-F3AD and (SENT1AF we convbder the Information meedel cealm e
an ephink O e seien L e teletprmin g In hié dapciec have o doeide mw i wecr
thoald refef L4 The variows povwgmacn!s of L modcl The only way hermkig can S0 Thin is by Owr
wit of apewrs. Wt hart herr 1o deride bow in reler 10 brllvideal srticics, warehowss, peran),
toloury eie, Wi sl need wwcrsinformative namws fof conerd tlasers, mxsnciadilon Iyret, robes eie,
Furihermors, Bt 13 efien Uhe caar thal the kame callly c&m b referenceyd by seversl different
refereact cEprenions composed of EXiernal ey W duo, be Lz paper, mot Inke axy pomllbon for
& puriicular Fermad mopuage for Lhis porpoest bl comchale it e referemcy immmcs kpre Lo b
sodved ol chis Wwrel 'We sirem |puthu.n1hhh1ﬂ,ﬂn-unm“dmru&-m
w0l pownize red. . )
The divlingtom belween (2¢ pbniract reaim snd Ihe infermalion resbm may not be cary Lo mals 8y
prawcticyl shregs siciion beessse (e ondy way men cen Feforence componrmts oF & model W by
Mt wac of memey which dene (e {arc 121 isicd La) Capwns’ CORCEDo i o freromrer. As apmy
sg mwnt e convidered xy entiiicd. Uhe relorencing probims wiT normally b infloemce oar
absirart model design. For lnatance. the decluon 1o refer 10 8 person by ke neme.binh-gang und
birth-lime wr 0¥ b1 social securily member miy imply Lwo Biffergal sbatrmct modeh snd differan)
wi-upa of CRACTpO. Wr da, howrver, mamteis (ke posilon i Use desipn wnd defiicon of am
shrac mode] Cun cowntiglty by dooc wilbonl paricaisy Conaddbertion o reforrnciey sl saadeg
probicma Le. wibowt U istroduction of s of exreraal, vt -formative e

i
Ulimately, defiting an Infnrmailos model we hive 1o daclde by which types of informatios
objrely o funslions to reproscd creal and coaclusiog 1yoey OF tiet inodel’ As Informalios objec
i na pntjry wriskels b Pully based on sad deurrivebis: by enbcrbid Mdwcs Tnformalios sbiccts wisich,
represcnt VTRt BT denoled @i, A Heltment, oty bowed, wever beonmcs Talat s K
mepresenip Vb oocuirence of snooveAl. A conclusios, draws w1 ime & s by wurctHiskoed” by oe
lnlnrmatkon ShecL 11 cun e sreen 83 8 Theoo kel abaecvgtion’ (dermuion) of ot moded snd u
Bl conudered 08 1a evemt pepreieniabie By 8 staiemens. AT for maets, we may dhetiaguish
beiwers puigraal sad Inperati Mytcneols. The probiem of ‘coachesion seterislration’ is » oetral
bucge dipenssbag Wt tomporal disension, Wi il reiwrn by N e secthon 3, -

AscorEng 10 P08 vew, new stateneals Ioformeng s sctvmsl srents b the obhjoct ostem am,
cracepiually Tusaried” L 1ba reodel 54 1l podsie ; b . b o Lyge — $ Lot na deonts by

(1) U (i pory ' ttrmanl e by iy by oy dnfOoria Lo Becde] w) e &

Mtl';.) the sot of eonelmrlons that oun be divwn st L, (o#f the basky of B{L) and gven

In{erencs tules) voncernicg reltvant sooclauioon Ay of osr model for sl selevit *
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TF AL ) b nommmcd mod by clopspe i The mtermal | £ 1y € L, - Then we fyee desigmed b e
ORsAkAE model o o abdect yaem. T seromn 40 be The Siwtd chwe Jov miosl BemRITATTY
Lype nformation pysem modch  (n thil <30, Vet lime poinms 1, mepresced Tetpie Chaanea’ i
ALLELY dencritren e curfenl eysiomn $Leke 1 Time pointg I, W will nbreree, however, thal severs]
“ayticre vaclables' cannce ‘exactly” be modcled in thia way, (90 BHse the moving BTerape b
quantiy foe yo imveaiory beo theages from Lo (1, + St} @vew sthoug karing mrw palemesiy
Inrrodeotd im L berrat

The delabugienl Halm .

This roabem s by Lo Fcet on aphivc ntstion, operaibral and Hiwichcy probicma of an eforms-
then mimked. 11 correspeds I the Mring. rmading asd phrrkol devics beveli s delined In
FSEN-T3AY. The 1yper of desipn decishny 1hat hevt 1o be mude suppents Iwa cobiestms @ one
whert nme rawrnikally deah wich daie tirucluriag and one wient sincege allocsion and lay-cel
purcbt tws e Ln Focud

The duis cxocimr model rrolm

The cunceplugl renkn It esmmtially yn-concerned with procedural, procrsving and effickewey fssues
of e Il ormalion syciem ar 1he dala basc. Thr mlormation modds crmocptead v e on il orme-
Foom pam therefore br - momewhal mirde gty - G v preteos & vkl wrigh infiee me-tsory
ured Iimie proceadng epeads,

When designing & dula made! [ oflcn hoswed on and reairicled by some svailable DOMS 10402 Bae
Maas pees) Syrem] - n dam - machinr = wad H4 cepoabililrs) et ‘praciicsl” Bagcs (Mmity
ey mnd Trite stcil daen bog Comtishertd. T ivin. imioprdier - Firet of o - that we frois & proctical
poinl of wview will mok br szhic %o bocp Lrech of all “Moorcsd sisleoeans” [ for examphe
wraraaciions’) abetrt events prafling colity esccia e In vhe 05 Nommally decluions sre insde
10 elthet shorigh tr pggregatc Ihe Thistofy’ of to disckrd the 3thiemenls nd Lo maintla oaly ha
‘curtent’ {rezd: o1 I6F 81 Ihe Eysiem koot - fhe Jasl knesw] s (el of conclusiom) of U
AW When 2 rivment, signafing S8 ¢vend i the OF, smives Lhly ghees rise tu v possBY
tovaglicated + dekh Wneitien, dckilon Mhﬂllmmmhwhumhm“
mialrnin the models 'wuie’ Compmmixm atd “np-io-dew’. .

“That, o date moded i comcrpraolly based v he noviem of & warhing' dﬂfhﬂcw

and finis operating sperds.
Tiajor dgrisions, deigring o ¢ata model. concern - -

- How Lo fepremm niaiemenis and ronciesions by deiy BrociurnT
{icrwr wn prowp (chener] end Nnk sars for ¢Tickent scerm and procyeshg?
™ Wikich Pairmant ind coechioss (o slore xplichly W L Melle memcry sad which w
dochiry sttty « by 5 maching Witk Saisg pperds- wien Dery et Ielerroend? i
- How "sciual® #¢ oonabident te meinialn tha capliclity staoed [nfonmalion sbomi alalsmesdy
and poncipalond, witkel coodiUona W applr fer triggedng, siam apdaiing wec?
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OF courte, Other iavved, such o1 datd proleciiem, St convenleoor and cane-0f-wor, 1y3icm
nrarlabilicy nad wciiapimeilicy maral aho b drensalvred.  Whie (e dula treciere pad of & stsdn
el ran by dcwmbed B sos-procetwral et e dompictr description of & dals el
s} 7 bvChedes procrdarts for WL operation and mymle v,

The stecage wadel

The worape modkd ia concerned with implemesiation and Hofpr slkoca duvn detaits of 2 particalar
oaiy wmodel ond hay 1o consider Jn Turther dorsdl, eifrckency wad nperstionsl problems, A dreper

discension of nerepe modelt in beyond vhe scope nf ckis paper,

L

1 DISCUSSIONS ARDUND AN EXAMPLE

In ibis secibon ah cxampie =il be peavided whick both parily et feten var frameword o e
sbairact meodeiiag byel mnd werves o 0 bk for ssamining 1he peoporsd espoct o isforson
modecling, .

Suppose we sre concerred with [hivenfory management of srficks which cach aic avallablc sl
dilTeren) warrhaarsrr. We nre latcrcsed b ieepieg Lach of svadable gumnsiiicy-on - [gah)
bonly ‘per aniicht” s 'peil aticle per Withowne”, Evenls in e obxcl sysem, wikich oot thie
lormuias ir weador Migeeary and srbw e 1o cusormere, Vendon el Cwdomers aa pach
wrr cwinkds our aphere of Intepeet, They I outnide owr rysiom’s Toundary’, we smume, Lel w
latrednge Lha Tollowing concepl clanscs [or entky seim):

-, -

A drtichr ypea, of wrtbclen for short
W warchouics
1} quaniidey f

which cormeepond ta propeny ooocepis Belng an wikh®, Seing 4 warchowss™ and ‘beiag o
gasmliy”, The fotinwdng scotisilon Lypes reflect our Iformuion raquinmenta, we issuroe

AQOHIAD)
AWOOHIAW.0)

whery A dancics ‘goantity on hamf of ariicte® wed AWOOH dtooics ‘guasliy ot asd of
by i warshowss', Aserriioss romcecsing boll Rreiclions sy, MCtordiag Lo oor fresereork,
wmnciaied =il on satriookc Ura sefercnon, The ok played by members of L DoNced clussay
AW und O in these assclibions am obvioun , They are therafarr lafl out, Membens of 3 oomoapt
clnas will be deaoted by vmall feitrrs ng kv A, w e W, g r 0. An ssseriipn AQOH) L) 0 e
Iwmmdudlwmnﬂlhul:iihlluhq-hhMﬂMIlk )

1t

»
-

In Vhin poadel we Al imiedace 1we cvend 1¥Pes which comecm M:I--: of kit vt
1SIIFY ungd defrrrr wovnars (DL o fivwc possis 4,

wSHIP HAW.GF
s DEL{LMAW.)

Giraphically, our Mmpke conceprunl raodel can be represented a8 in Flaure 1. As we will pﬂum
severnl model ahiermalives for (hh sample problem we dennty Lhde h',p sliernatba A

aganciation Lypes

[ -pwrentn which
affeet AWNEY

orEHEM LI N AN ,.Q]
oiBELLEL 1A, W, g1

Fipwre
Model shicmalive A

W ohecrve (hgt AQCH] prad AWDOH chanps 5l Lme points £ dicteied by the ocommemsy of
Of-tvemis. |a thii wodcl indormation sbost thr SHIT snd DEL. evemls dirretly slivcl te sbacis-
tions of 1ype AWODH asd Infirecity AQDIL mimm-ummmwiw
|ll Chwiet, warchouses wnd articken bn Inventory:

(rO0rabY e AWQOMILILw, | =
| 2y o:SHIPUKLw b 2, wDEL{) 2w} 2 0]

Hets we wir L Dolathen & WO (L, 10 e (g 3 AWDOII M) | Thais comhion
iy & renidiction o8 foasible DEL-or=ai + af w0 Ueme caf =t delrer maore i e dave i
loveminey at p pbbicubar wacelouas, T4 ahwy [Pusiratcs Lk muse wrisrs an vt of [ype DEL
dependen on (bt corrent AWQOH-Information slator aod Lhe oornrey oF o cthar erenssl
wyani, A F & ‘CUMOMT neder’, T8 qustomer order nvent and Informathn Ibﬂ.qunlkpﬂhnf -

wil, I Use oedueequaniby ean be tatificd, camt & DEL-2vemt.

JJf\
L - - e -
1 PR
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(] AQOHTIH. Y = I, AWOOHI e, |

bty |

Whete /4 S noiry I warzheusst which by o pactilyr aniche s bs piorege. Thes, scoordirg
o e tonitprual fremewnrh oullined b seclicn 3 the quenthy on hand ean B¢ pondered o b
usghe-welued disconlitou lunclion of 1me, Srick snd parckaesr. Aho, WE May cemcepnialiy
reles b thin QuaAlily & guyp pint B plenr ERBA a0l omly 55 pgte CRAAETS I Dt BACE].

+

) Lising this concrpuaal Framewsrk K iy alvg convendend b defime oiber types of avnsable sceodis-
Uort, For ierilh moy i .

CHANGE.RATEh M uw.. b CAWOQOHL- 1 Q) (s W, - AWQCHT s w,. ]} 10

Chepriy.mher rxpretaions pre poadble, for erample

4

AWCOHO (s 4}

whikh genoten 1 s of warchousct, pouibly empey, which al time 4 had 5 unkis of sriicke type &
ou-hend ko remory. We are now vipwing waThomes o & malivsbecd Syt of g amd &

I theae modeling meihods for the ctaoeplunl level, which do not explicitly recogndse (be Lemporyl
i polon, Il ormation st the roucisissn of sypes AWOON snd ACOH i wormalT Lieasrd g
u ok et of swred pescfusis wiich Refier dve lad basww e gowTrhas ghowt s
wtanciaiioms. The time dine naioa b e 5 Furdsmcmst werscepl of thost approschet. Comsistency
ruley peqalee bn I.HI car Lml r

(o) ADOIN) = 2 AWDOHY ) £ §)

Thwt. e ‘meanbnp” of the ewocations AQOH sl AWOOIL s wow changed W g for = v
wm knewd | the pyoeent ety o bond.  Esth lne 2y O5-rvem of 1 SHIF or DEL
ottury, Ibest gurreni quaniiibts myn ba somdhaw apdated” (for sxampt by Nl aéjexiing
AWOOH and yhentor conginicncy, Jeriving o wpdsitng AQOH). Thin wiew W [Hunreted by our
mandel nharnsilog B In figurs 3.

Il we examinge whal we beyr done by discarding (ha Il dipaension, wa observa 30 this care 1hal
wi havy inireduced e mew rhmaa of paibie) e will call il wfervalion  abjecss - Which
‘WrT H Mmoot hoowledps showt the cwrtesl daime of iwe Lypen o secciulions
'K nowlcdpt™ B oreprowesed by aociliag cech doratios oblec! Wit sdoquats ealibes b he
concept clauet A, W and (). Theie associvtions sm Waary aod 1hay can be givan wwpnlnglal

I
!

O}

ll't-ﬂ art-I2 unrrlﬂl"
ourrefc turrent warchoung
quantlvy-—on=-hand u-il!'l I by =tm= hand
ﬂllt.'r'lﬂ qﬂﬂtltf'lz
Flyoure 1

Bdandel pverpative A

Fa Wiwma pad SHIP ared DEL
aameh wiich dowriie P b O prassiclines’ . ff scmals _
evopla = are pol parl of This mosdcl plecrnalive o we have made the desipn decidon that The

Lransactions In themelves are of no particular Intercet 1 our pratlem. Treir only purpos 1 0

rapeare’ Iht informailon chjects. 16 figure 2 Lhe information objecty clasrs ar¢ regrercnted by

aquate bones ¥ mark o motion o Lt 28 cRiE enlipen W solr et ScTrhhap 10 ORT rmimpliont.
MIMHW“MTHIIJII!‘M&MMH-#IMI

[ o= AL )
2~ AxW il i
oG oand 2= we (M)

Mhmwnumlwqwﬁunﬂnuhﬂm*
made Lt Follovwing mesrmor e .

f3}  the quantny on hand [yrtions arr ool beiwers SHIF pad DEL reeain

(&) iherc Is po knawn seycirement 1o be sble Lo repond (o guercs where the I 8 vical

parmmeier oF queries which roancem @bl ypicm siaied a Uhe DurrEnl o for (el ot
1 eiality-gu-tued b WErks apo

2 e averuge Quanihy s hand o (kY ] tea

R | quantity of hand trands .

4 the difcrence In quantily o hand o umeul and 4

Citvaerve thal we woukd aol have sny proticms i formuialing mywers 40 thest queries given ot
conpeptual mxdal slicmayve A Whila most Informuilon or dste modeling sppronchey wonkd
cansder Unn modal Mtemativg T il ‘conceptuel’ (o "abmirpet” o Togical' } H s sbviom 1hat 1
mm;umwm huﬂmi makey & waable 1 repond
querixa ghvea 1 () show

L]

i at Wt }
! ) .
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I whinid, howwrer, br obvavrt il Wt canasid -for preci el Masomd - palle Gimpkeseentd
lalormulion modein with | br fll Lemrporel pomectabiy of shiemative A, For betawer, o camnot
PrCHCE iy Fquireog . 60 e abie 1 oMain responacs ko on-lae qecrics concerning qusntities
on hind Tor any haiorical fime poinl. So- ol the dnnerlace belween the Informatie tnodeling leved
nndd Phe i ptapieal kel dechiont mud br made which infamution showl Lvoclatnes 1o s
by represeming N comcepinaly by o flsete 3¢t ol mfoonsilon objrets. Moir Il wr wy 1 Lhn
tlcriner am sdreoviog delsbopkoal dedpn problomg se we we we concermned wiih wiich [nlorma-
Hom ohjecty 1@ fiore and which Lo derlve or how 10 efficlently evorn and represent (hem b
wornge. For instunce information objrcts of Lype 19 In figare 1 are derivable Trom an evodstcd
wil of vbpou of \ype (1 and 1he dochvion wheiher 1o ahwam beep an apduted version of [l
sorpe of derpee i wien referenccd can be pripowcd B the duiskgies! dospn phase o even In
leier phascs. A this interfwce level we are racher ronerenpd wli which infarmalion objectn la
inciuce tn our mndc) sad how (o geal whk The tima dimession. This iin (aLibe probks 1o

devigm & finlw model, proryyechic by o Mrde ouching, on the bach of o |
" . o (afiire moccel perrntiog

Mode! ahiwrnanive C

Im weveral applications, howrvet, U bformation requircmomis ar uech bl & b st syfliciemt vo
-tonctptmily. brep und mukalsin in slorsgr only Use corment miate of (e muociations. The ways 10
sotve thls prohlom depesd o the mode] deviemor's i and kKerwdedpe sboul polential user
Inloimation reqolremeny. One “sale’, but s Slvays sconomicsl, wzy & to nepraeal by dored
nformadion gljects wff viirmemty (irvaaeclions) sbwot ecienim] OF-cvenin witch e Lramit Led
Lo the ovode|, Tiawt & o abvions parsmeter B ghese patcments, b det wiy o oompiir Linery
malninined prd responscy ean be generaiad 10 2 concelvable quarkps which sre dertrubide [rom 1
initial siatemants, Figwra 3 (model sheenallve ©) Mustrates mach & boliteon, whers 13 and 14 are
Infrmaion. ghjret clares Rpreseailog sintmie s abowl sigment regcriively defwery gvynts
Timt i Intrpgeeed cv an bnloite st of Cowr pobels by clese T, Por smplichy Use gechacions n
alicrrilive C atrd 2ot b namet (0 Hlwtirg e oar pobl.

Thr membey of clemcwts s 03 and bi i chearly fmdy sod Uy bem & bbrwry-rricions] sraem
Lanpzapes for marigailog asd retrevas 10 8 besry structorsfor s i pos-procedemd

FORAL {SEN-T5C), ate applicable 1o £ and |4, We may sba conaidar the LY and 14 80 d-juplen

whh & well defined mesalag contluming o subset of & % W Q n T, This myssa that aparsilens
of robetinl plpriva or celrwhs [CO0-TIR) cun ba wpplicd w 13 snd M. Now, the s tios

r L ™ e
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comcrialng U ond 53 W eRpRily mewy comphen. Whether W iy Torseter 11 snd |3 o Tisde seinof
imfrmation objecta dcpeads pn par golmiia of i Mok define 11 osmd 11w
peanriter-ea-hand a0 lime pgewey whem @ change M quadifiy g band far thel parcle
Jnwearmy powni orvwrrrd. then the aumber of shements in 11w 12 b e o mgutl v e 1um oF 1D

T "ﬂ.m.mlﬂnﬂmmh'_rlllldlll.h'qnli'l'luh-dnﬂ;n-Ir'l

Lhen. clenrly, thele aamber of glements & infiniic 33 T e lbnne. Aigrbwsd opcTstioss. ar binary
ravigiions on L1 snd [2 can mow only he performed on fins metiricted cutresis of them, B we by
11 nd 12 wikh 1o represend the correst quaniity -on-hand, LRen Timse {t="now’) b nplicis the w1
Ty e £7 mre Tonite aad we heave omt che amnocistions (1T vad 12.T ls Nigere 3. Wit wr
dpckdc 1 hecp” wubmait of [3 wnd L4 nx pen of owi wedt] Scpends om wariclpatcd Walarmatien
[, VOrnT .

W have ahove, s conmcton with st Jneenatives B and C, onty dmogiard et poriaibie wayy
1o ropaeeem Ibe [infindle} sticraative A By Irene, moded alierastines, A nother BHresbve woukd
e, IF 1ha roqulrements arc fuch, 1o define Tunehe: procedures for Uhe “quenibiacs-on-kend” which
had U srgumemsr [ATh azd (AW, T} repeiively.

4 DEALIMG WITH TIHE TEMPORAL DIMENSION IN THE N-ARY AMD BINARY
RELATIONAL FRAMEWDRKS

I might br interenting 12 d'.m how 1he madeling problem scconding io 1he previous MC1icE
could be desh wilh wilhin the rencepiunl (ramesorks ol the soary nebsllonsd reyeciively 1be
ivnary telxiional approechcs We will siart withy the binaty apprirh .

]
Thr biwary approsch

Tat hinary spvpront & based on Lt [eednmeninl coocepls tulr ety wnd e iy anenchasiet
Modeling  spprosches Bascd o thewsr coneepin bave heon sapgeded by Abiisd [ABL-14A1,

‘grgcchl (MRA-TGA], Bubeska 1 al (OUB-T4A1L BUB-T6A], Lindgreen [LID-T4A) and
Senol SEN-T5C1. A puutibie ‘schcow’ for (ha bisary redetbonal (o loary bogicel sssccimin )
approsch b showr Ja fipee 4, We pbwcrvs thit AQOH aad AWO0H o b cpmaidered
teralies” or Tnlormuthon objects’ sy S & Mnite w2t of e polits Tha, savigriing nind iherting
entitics b the Binary medsl cao be carricd out if AWGOH and ACOH wrr somiow resiricicd fod
a [l mt of time puinia *

+

The tonccpl of derirarton of eaifite on e bumis of wThee E¥lics Tax ot been explicitly pakd
attention to ds T terapsy on bioary modele  1a principk, kowrer, thh i equivelend &
dcrivathies of pew relalions (Ly. wets of p-imples) on the baals of eilwr rchitions bn the s-orp

rulmrional kppronch. - . -

mﬂfmnmﬂdﬂdhnmilm&mt--uﬂhmhmmwum
W-ihmﬁmﬁﬁl?—dmm'mmﬂmﬂm
- s . P LI - L
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A binary melnpontl schems, AAWADA, _ s1c prs binary relation names

abowl guspihics oo hand b Ui poinis b+ T, To our Wnowledpe there b so compleir and prneruly
sccepind polnlion deveioped for cxprovming derivabllily roocrency swd Bieprty reimcioadhips ba
bnnery avonbth  FomBy can some yon-procedernsd, geery-ocdesind wngeapes be prended snd
jenerafized H this dirrction [for enample FORAL (SEN-TAC)).

"

Listng » cubeudus-lite mota g we covhs Tammdaic e derivation of AWOUHF-cmBics (for st the
proimdd) ot Anvwm bedow, Wi will Senote by sisall B0 o member of en ¢y Chast {Tor exspla
awgol + AWDOH ) and psr wwcrcibiben mames 65 srimaens { Tor paamphe WALawoah) will seboct
ofc clerAL B+ A wnd DO dal} wiD salect & quenilly (dellvered) . g e Q , U WA rpap, DO wre
funcrional), '

Py )W T (awgob]) =1 & WG{zwooh) =
SUMISHahipshipe SHIP(nwaoh 1)1 + i .-
SUMIDCK del:dele DEL{nwrqob, 1111 ' . "

Here SHIF(wwgoh1] and DEL{awqoh 1} denoe thee- pad smoclarion resiricied et of BHIP
snad DEL #ntiibey w [olown

SHLP{wwngad?) in [uhip: SAd sipbm W {awgok &
SW(ship) = WW (wwqoh) 4 ST(thip}5 1)

. 4-:"'- LR | - - .
[ S - . .

, DELlswoohslebiet DALc = WALowgob} & =
. W el =W W (rwmoh) 4 DTI0K1S 1 §

The furcibor SUM has herr sn olmious Interpretston. Chearly, SHIMawgohd) snd
DF.I,'Ilwq:Dh,II dermne stharts of S1IP resp DEY which are gysociswcd wilh the tame warehousr
wadd driht i b g =CLEY S il oorwrrd ot o Baclors Gome L 1w v Hirrt cxaeple wee
harr woy pakd susrsiion 10 rrksicstisl dependencics und oUr oonitie oy SoNEpRy romsiTsimy,

'
4

[l bn whe poseibie 1o formslalt 1 e derivation rele ming 8 FORAL-bmptred nolslios (SEN-
7500, .

DEFINE @ OF AWOH
CMIFRE A = Pt D W r P AMD T = P}
* EIRL ] OF ENIP B
[WIFRE. & - M1 AT W = P2 BEDT 5 1) )
- UM § OF bEL )
IMHFEAE A = 1 AN W = P ANO T % P11

In thly delohben PL+ A&, F2 r W oand P ¢ T are parsmcters, Uning 1 Jerbvathon rode, & sl of

- AWOOH-curhies cap pow be cresied which arr toasixie Witk an cakiing st of SHIF and DEL

[Ty

The 5.0y retutionsl sppreach

A lormaitcm for (e spprmch =i prescwicd in 1910 by Codd [COD-70A ) sad B s sebrargudal.
Iy bren waed by severnl obwery faee for cxampke [ADL-TOA) (REN-TEALICHN-TI4) (HAL-
T6AL). Our previews discustion Immedlaiely suggeats 1he fodowing date medel [ntlations] sciwemal

+

r
BHIFLA N, CBITP,TR]

| DELCA,W,00EL,TD)
L ORI R O0H, T
A A, W, T . .

07

In thin dmpic cave, when alf binary asoociavioos e funcllhnal. tranafpemal bt b0 8 A-ary esde]

et o mormatbaion and B Mrigh loreanl  SIP wnd DEL wre carly rclations b ghe
“radiibomal” relaionsd dais base sppeoech seroe.  SHOF smd DEL define & Nalis oot of d-tepin,
where T3 sad TD e domaina of shiprmenl roap. delivery lme points.  Relalloual sipebrs or
calculon cun be appliad 10 those relugions. Tha retsclons AGQOH and AWDDH sre not reiacion. n

tha Mnlia, treditional sense I wa deflne helr interperiatios us "quanthy on band of time T where T -

b m varfable. La this ense thoy may b coriderrd s w iediee wster 0f 1uples [oosibecing wll
poncalbiy valucr ou Ut D axis), Tha problem how w desl with thls alioks* sestion has wot
brexm pddresnts® bn (he 5-ary reiational daip base Utorarere.

-

Lt - . L ra
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Th eonczp: of dvivng one scladen rm-mﬂuhuuh:b—k.mi wel Snown aad
rhder rriationnl sipcbis or 3k Lre candidate ook For 1hit parpeesr [romethncs w exlicd
"Ehrary' lanctiont mey be werded 1o AEEMCT Lo ¢ Rpromsive powert. 16 bosha well bnows he s
duts moded- or Eaia whmodtl « may contain definitlony of relatinng, which srr decivalbonn from
Tpanibdy derivailons Jrom_ 1) oiher relailoms {mx for exmmpic [DAT-TEA), p.115). Thu i
cquivalent o (e cOMCEM Of war wmewa in Ry mintional sytlem wnder bpple menistion [for
tosaple SYSTEM R (AST-T4413. Thu,we Al coasider ADOH and AWOOH & wewy with
the wndersianding thal Lhey are materalized pnd treatible &2 finke sctn of'r-Lupics ouly lor & finliy
ol of paknis in my,

H L]
.

Sapgpruing the ooverpd of & "I!iﬂ'l-l:*th"l_". wx could deline ﬂ'W'l:de In our dela 'mn-dzl definlLon n1
t?ﬂn; Il r:l:urr: of SEQUEL (AST-T8A) and DSL-ALFHA (vce (DAT-75A3) -like yniax): _

DEFINE TIME.-VIEW AWQOIH (A, W.0.13

RANGE SHiP § ’

RANGE DEL D

IVTHISHEOIE AWOQOH A = S& & AWOOH. W = 5w

AAWOOHA = DA AVODHW e D W

#5135 AWOOH.T 2 DT £ AWOOH.T

* AWQOH.QOH = TOTALIS GSHIF) - TOTAL{D.GDEL) )

TOTALL) ia hett an ansumed [itrury tunction. 1o order to have & vhow which can he oprraied
upon by relational slpebra of cabeutul the user now could define rime-rearioed siewe o bop of *
this whew, for cxvmpla deflming e cwrovns {TuNOW) quasley oo hind s & roirkoe of
AW | )

[

DEFINE VIEW CURRENT-AWOOH (A.W.0) -
SELECT AWOOH[ T = NOW | - - ~

in 1be abave definftlon, 1he aner b nal eoncersed with Aow an imphimcenied syiem malatabeg he
deflngd whews and resirictions Tu_lﬂ-ﬂpm.tburkhdnlunhuudtymh
%Mmﬂ-%‘rﬁrﬁ;‘dﬂm

k

” Considering na wxperimental a-ary DBEMS, SYSTEM R, k J eveMualy poveibie thel 5 view
comceisg th Netrre) mumum{mmamnmum

by [kt wer of STQUEL-Zke poermbom (snch e FELECT.COMPUTELTOTAL) on inplcs in the -,

uhﬂ?uﬂ-l:rndDEL.nlnﬂgu , A

4

_—— Ty — m— - - - -

_procesa ahortly before tal ima. This, hawever, Serald changs the mascdag of U correspondiag

reemm PEL BIMTLTICN 1L OLNUTOEATIMG RULLLINT 1

DEFINE YiEd CURAENT-ANDOH AN,
LELETT AW.0
FRON E [N SHIF M0 D TR DEL
LOmpUTE o= 01 -
COMpUTE Q1 &
SFLACT TOTRL DRtiF|
rhce ENIP
WIERE AvS B LMD MeE W)
COMMATE 0w
GELECT TOTAL Q0PI )
Fiz DI,
WHEF ArD & RWD Wall W)

It i umdersiond thal s ricw e seochow iomutcally maknisincd - b.lr It DBEMS - conaadnbrnt
i #Lrhing Jupiey b ik SIITP amed DEL relubons. La the SYSTEM R, the watd cosk! nho kinsell
coriral 1he malstenamne of & rebanion, which b dertrabic or drpendrrt on other relesino, by [ war
of the TRIGGER -mechanisi,  For Inansnce, In ofver to malntaln o cocaltent se1 oF stored Cupli
In Ihe relation CURRENT-AWOOH, the wier could etine tws TRIOOERS 22 Tollows {ww

dwucribe (hes fn n SEQUEL B syataz):

DEFINE TRIGGER XEHIP
O INSERTION GF SHIF ¢
LUBBATE CUMRENT-ASCOH
SET OOM = o+ EMIP DSHEP
WUENE A = SHIF.A
AHD W = EHIP.W |

EFINE TRICGEF EDEL

DM THSERTIOM DF DIL 4
{ UPDATE CURAENT - AWOOH
SET QCH » DM - DL.QOEL
WIERE & = DEL.A
AMD ¥ = BFL.W 1}

In Thr sbawe miwtion § probicos sty when o svseried S1E01F or DEL twpie i an <39 - g,
which doca oot meich aey “railing key b the retstion CURRENT-AWODH, This mast be solved
br trurndecing wddivions cosslstency wnd dependency checiing snd maknlenance procedur.
Hala aho thal 1ke dedgner-ascr now bas full costrol grrer the degree of consletrney Ln the daty, .
base, IT ba, [or alance. is milefied with with o sovreet” set of mpley Jn CURRENT-AWOOH
only st 9 M ey duy, thea & brigpering condition could be mpactlied whdch sotraisd o devivesion

u - . - . oo N * = '
N - feoor o \.L
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hrmlr!'arlrmg our frweminm nn madeling limt-rerring sewscistione |n ihe neary wml inary-
relational Framewnrk w have (red Indemansd rate Lhat mellber of thow sppeosches wen: oiginadly
Ik Tor am abrarnet modeling bevel naikined & scetion 2. Rath Epprichay vire U inlormie-
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SUN-TIA  Kundgren B dn tnfeingicat dpprock 8 Daw Jews Urval 7, ECR{SLMD H.A, Schmid
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Ceavalyran), Stockhols, 1771, Inatitur [Gr Inforeatik
! . nivernlitdy Stutegart
SUN-TéA Suadgren 8- € Frw of the b ; " Atenbersatrasee 112
Sowrpival Fondations nfaleguul Approack w Dwre Baon, -
- In (KIM AL pp. 81-54. _ - p-7000 Stytegart 1
YOU-33A  Yaung J.W. sad Kemt HK: Abswurt Formubariom of Dura Processiog Problems b -
(OGR4, 9% ¥1a.
ke 7 . This papar will try to clarify some Issusa tvhat are
of relevancn For the discusslon which model sheuld
! hBa umed f{n tha conceptual schame of o “threv-achama~-

ta” 4aty basw mandfgesant systes,

L] - L]
! vifferent alternative construocte, by which cartaia
! conceptas can be reprasented im & concepfual mchams,
wlll ba snalysed and corpared. Oue opinlon is that
such a comparison sheuld net be haned updh parsonal
baliefs and prefwrenten. Therefors, tha méthod, whilch
«[Ll ke unad to meha our enalysis es preaciss Ind ah-
* ) jactive an poweible, Ls to speclfy meppings batween
; _ ths constructs to be compared. Thems mnappings indl-
i cetx clearly in which way giffersnt conmfructs ars
' : related tp sach other, and what thele particulear sd-
vaptagen and divadvanteges arse.

! Eince many preblems becorna srvident orly 1f wa cou-
: aidar not only static structursn, but side the cpa-
rations ta bs executed on thess piructurss, we will ,
y . -I » include "conceptusal opscations™, 1.%. opagstlans
b= that are to he epvcwted o0 m concoptonl Schems, in
1
i

our analysia,

, The appreach presentad servan & twofold purpose.:
' MMrest, we upa it To clarify soma problame that ars
’ currantly undar dlscussion. Swecendly, ve balliavs
sthat 1t couwlkd b# applied alne te athar problams La
tha araa to maks the discussion mars ahjletlfi and
praciss. .

: 1, IMNTRODUCTION -

! Lataly, » conslderabla numsbhup of doty mofelw hew Bean prapoasd fap
' ’ : ysage is date buse hasnagenant aystama,. The discusnion, which ol the-
' sa data modals would be svlted bettsr for the wesr, produced ameongnt
valuable inaights alse many statemants of personal bellsfs and pry-

Fareocan,

) seams to be socepted to yORY dagrak, 4¥ery uUBer may uzs the data”™
fmm L . aodal that ha preferw, The quudtlon fs sew, whlod dats model, In-
’ S . formaticp structura modsl, OF cohcapiual lnd!l iv sulted Best to ka
. wiad Lo Tha fomceptuml l:hlll-

L
i
| According te the "thraa schemats approach™ ([AE TH].[NI T&]), vhlch

-l -
ndal T T P NE S N . C - X
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The central problens of datsbacr drsipn, For 124 informatien
amalyer, are how ta select tha sppeoprlace univrcse of dia-
eootuk And Mow o relate Che date mtructures, withis t(he
imformation syegem, t6 the ree]l eaclclen im ehe vorld. Thans T
are the prowleac of eoperacional semantles wmd thiy are guice
diffarect Frem the foTwal semantic problecs which selve o
the wtudy af date managerent. Their soletion depends upom
vor bring skle to Tely wywn the siable sares of boun dis-
coaree vhith stw entiblivhed vhea people wne laopuage snd
other aipny Ioe wows praciical purpons, A concentusl schema
emto)ving the opavatlons] semantics of the saystea should mat
Wr confuted with a general achesa fo contain a canemicel

data strocture. Tha isewss reined are 11lustesated by concen=

trecloz upon the aimplane of swmentic prebloms: tha [dentifylag *

#f phreical a%]ects.
LECOL Frojeerh,

Tha abalysin prevented avises from tha

Istroduction - Inforracion Analyein

#y sanalning the slwplest problon of {nformation smalysls wa shall sea thax &
databate In ool n wodel of realley Vot an rabofisent wf & wych. Uhat could be
slopler than the nse of dats alemsntq €0 Topresent the phyeieal obfeces, the
kangible realicy vepravented ¥y & dutsbazeT Thar is rhe probles wve shall exzalme,

The informacion anatyer specifiey what Jaea acw vequingd te solve sooe elany of
organisacional problemn. The designet of the leformayfey systen sunt cosure that
the datx im che Forcal system are coyrectly linked to !ﬂut he will el (ha “resl -
waritine” 12 soce "cbject myagen”. The¥ eredte 4 spproprlace mpth, The raslitr
Li#x In the opsratioral wuccess of the aystem, Ef the avetem halps uo affeceively
e 1oive eomx a4 &7 practical prob)ema, chaen tha wyth wpom which 1r (o based 12
resl gwough. (harge the probieo, champe the purpcan of the systewn, aml the areh
way becere lnappropriare. & datataww, Uor all the [opicel preclolon of Ktn wepee-
tars raste va this guicksand, Oniy o concinual sealycienl wigllanca con kegp

i sfloat,

Taformation amalynfe Qs Weing studlad st pha loaden Schesl of Ecoocoles in & srmdy
#f adainfagrative syetens based on getplex rwlew. Thiv, tha LICOL Preject, wiss
atatute lav s seperimentsl material. By stteopying to devisn 4 formalism vhich
can sxpreid che hinde of rulas thap sight appear io = statute defining 2 ©ix
mystenw, [ar wxaapla, ix lo hoped ew divcovar o way of specifying-um infarmacion
aystam 2l & wery groaval leval. A sacond protoryps interpeccer for this Lenpeage
Is wov balng devigned, an wsnantinl parc of which is & wexantie modil. The Tamslt
af infarwition anslysio way ba viawsd av & swmantlc modsl Car aw appilescios, poa—
aldly im soms arsn ol Tav, 1t appears Dhat tha wemantic madal of LICOC £5 il

& Tha LEXL Prejecr {s swppeviod by the U Sclmmrifis Sossareh Cowmrll with
waalagancs fram 1V{UL) Exilsatifis Contre, Porerise.

|

——

L L YRt £

L. thing anm thd conryatunl schema of dagabane ntuddra®.  If chin da "8, then
tha LECOL Pesjuct wurrests Lhat recwnt discunnioas of Lhe eoncdpiua] ofbemy hava
faibed to rezogmian sora tmpertanc Lduss amd 8 dioplngulsh (we qubts diffarent
limes of snquivy. The purpose af chin paper {5 to waplain thass Léyns wnd phe
method of enquiry being ymployed in t'w ressareh.

Aeal World and Forea] System

Ia tha dlucusrions of concaptual wchemaw thars Lo ovidence that (wo quice JLi=
Fig. L 1o lacended te

farant problens hare not baan adequataly sapacaged,
anphibing wome mujor featurss af eut probiem,

FoRrL. S3STEM

Jomal sodealics gfaabinad Soeutalies

{ONCEPTUARL -
SailcmA

Ryt ﬁnwf}m.m,ﬁu_wﬂ.f

The formal system contalus strings of symbels — Lok marke po pupar or sloctre=
sagrgtle traces = snd yoms of thass may temsricate sm fdescifier uf s porsom.

The raal werld may contala pha rasl parsen Mimsslf = poy iy meat hin sad shada
i by rhe hand,

& Thie was sat shvieus te ur on uuh;n the ANLI-APFARE Imtarim Repure (1) bwk
this La vha Flrw apinlos of Dr, T, 0. Stasl, Chalrmin of thiy Commirvay, »aprei—

:;:l“ IFLY TCX weatingrs ln Peat—e—Mowison, Espraphar L9T), ond Mles, Jonuary
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To & manirer or adnimletraver, wia wents, war, t» trala Rls syaff apareprlately
thn fdemelTiar Lo cha 1Ink te Lhe pevson br cah whaks by the hasd, Tt 10 eary
to #ul ints & database many nlillens of strines of symbols bmr g wansger

wants to boow that the "facee’ ehay samress are o veliahbe Sazly For actisn. T
lsazing thar & databass eontalnn boawwizare 1n this “enns, merely hecapas FEn
aeructeres of hierarchier, retations rr ariworhs can yleld werings of princed
aymholba which miy heconatrurd aw atatements In nalew. The ranseer's iy an
eplatemolopical problem, Kowatbematical anadynin cOm puavdmies to tha BinipEr
Ehar the ntarements slicited From & databage by his snquirian comstituts "rest
knowledew®. Thin can only hr done by enguring that there are cperationally
affeetive proceduren for giving things names and for tindiag tha resl chiung,
alves 8 mame, Oy Toperscionally affective’ Lo megnt thar the procedyrs cam

b cotrled oue, by the people vho sust use Lhe [dant(Ciar, with sufllcEant
raliskliicy to amsble the Informecion wyetem ro de 4 usefal jobd,  The splatems=
Jogiewl semantiee of che database sra evbodiod in theas procedures Waich paorls
parlorm, They way % £0f0lcult te watabiiah qnd cently Ee suppare.

Maghematical methods, hovevst, are appropriste te formal wemancice. 1f we ash
for tha seanlag af one atring of sywbaly Im cerma of sthece, v petd mrver laawvy
the forssl syntem lw which wathessbice cam lepitimytuly deseriby these valation= |,
:I’ltpl.' T» Fig, 1 tha formal aqulvalencs af *SHITH' snd che supleyte numher
10352° [& one euch relaclonship. Orber formal exlaticpehips, ar rv flgura
Suggifly, may llnk am abpEracr comcapr duch as "FENTORITY' tw Ehe WOES CODcTaCa .
canctpie, Thers formal eperatlens wust be added to the spevationsl procedorss
in ofder o matablioh the spivtemolapical semantica of sn shutrace contept.,

Thiv can bo seea Irom the mociom of *SERIOKITY” whick {a *aly conpettad ta kha
tanctete world wls the formyl procedwees #&, Nenca formal srmantice Ln a propar
subiet of splatemclegical swmantien. The conctprus] schaws mynr tharafars Cwk=
tain dencriptions of bath tha {nternal, formal operations esd che eatermal pre-
exdures to wotab]lieh cha weznings of dura,

Two Concwptunl Schamiy

Wighin Flg. 1 thera {w lerking s secomd, quity different rroklam, Tha formal
syite®™ depands upon-mappinn the scvings ol sywhole [t comraing npon Fultable-
slovakd Structucwd. This &0 an trus of & clarlea) iyntem an of & computar
pysta® but ln the bactar covn It Lo crucial te the design of sxpennive general
pucpods aaftvsca. Thip Is vhers the svcand notfon of § eonceptyal bcheru arinags
It s & quest for & tanonleal structure to which a1l mippings of sgh-vats of

the data onto physlcal storape may ba related. This riew was wnenplifiod in tha
scotement by Flluwem (113 which placed the ong concentual schems batwren ARy

snternal schemar (parving diffareac sats of programs srd many 16vecnsl schemin
Laerving groups of phyaical prewps of phyrical storage devicanl}. a1k

of conceplurl dchama {4 neturslly sewght LF wna i presccupled wich the conputer,
Ene officient wue nf Mardwate and tha sriting of programs. Thass problens are '
large anowgh Ea warrant the undivided attentine of sems ressarchars.

& serlows nlutabe Lo mads Lf v comfurs (hess row motlvasy

C5{a) =u achony of arpilication concapts
€5{2) & cammnlcal aprecturs of data relazionsmips

& Abairact concapid w.g. ‘CULLTY' swy mat be gnpirely Ffarmal bug, to & greatar

® Rocica haw this aratemant sephoslons the [mpa¥ismes oF kibving the purpasrs
of tha sysqen, & racurremt thiss i (hls papar.

lesvar aztaat, tha sebptlsent of
Thiv Iy dealr with
In (1},

temenns's valer [ulrermut or proacriprion,
la gonersl sorma i (57 and briefly §0 the contonr of LECORL
Space devt, mat purnit cthe explorsyias of this paple Ly chle paper,

s i

i I

are telated.

L s

Beth ars qapantba] Bul Ehey setve duite ZEFTesent parpaves amd, L E
fonfyaion, regrettably, do mofr roemon than 8 cartful Jiffeceni=
atden of CSEA) and C3CD). One resman [p nur hable of usiex smemonle bibaln 1o
galk Sbaut Jarmal dars elememce. By digeusnfng £5(0} [n tarma of exerples where
dath elements arw called EIFLDTTE LO., DEFARTSNT W0, snd o on, we Leport {sce
the discuazion nocions thay balong to €5CAY. With care v can avold cheating Wy
uekng ewr imtultlve bnavledgs of the se-gut les of much rloements but bha dava vith
whick va Fral we can Bandin ths episcesgiopical provivms of EMPLOYEE M., DEPART=
MIKT KO, and 8o en Jeeds ue Co supprass the prebless of CE(A)}. The r"l;“‘ in ta
fmaglne that a esmonical strwcturs of cuicahly laballed dats .t:-unu w "f ﬂr
turs both rha contwent® of CE(0} snd thosa of CECA) v wall, This anI I';-hl_
Inplicle in the majpricy of papers on dagabuie archicwerurs "l-lt_]'r 1Ak, H
vlow adoprud hers, hovevar, la thar the appllicatiss cenzaprs, whllst sabedying
ptrmcrurey that wuet o rofloctad in the gasonical data ltmtul"l..:ll‘h:-"l'

s grust desl wore having mathing o de with the ferss] prapartisn x -

™ n-pui}_m-. coutldez & dusceipeion of a dpwsn. Wy sump W iy

in) Wumshars uf bpdrooms snd Feceprion TeOmE

is) Is L fir fur bmam habitatien? .

fe) Tu it fran of land charges?t . L
For yhe laforoacien systam sk large snd tha tpistemotegical samantles ol th daga
I fa ansencial co now Bt L ot

(a} 40 & telucivply oblantive seeribuet which can ba supplicd by any vermsl
eTien who peev ba check
[4}) I- a value judgewest vhich munt he Bede sebject

o quallried survayer, whilst .
el :In 'b: daturnined by :u;put-r'u-reh of Land Eeglacry flles whers a1l sue

ehargues wust bs Fagiotered to b valld,

te carrain comerraings,

gueh axpintlecs are Lrevlevant to C5(0), Por the danlgner of the Inforsation syr=
rem thess conceptn ars fusdamantal and they Baleng Lo tha CELA).

sllowipg the Infermatlon soalysis phase ewd the apackfication of CE{A) & linlted
:lnunt -: infarvaclon sbout the spplicechon munt ba padssd to the designar o! tha
posputar systew, Asr It telates to the dapa, this Jlalted Intermacion -;r | "
pedped In €5{0). Expenclal questions we wred o g0k are; what lll:rut - oran

dlocardud as wa waye Prom CECA} to CE(D}T ond [m C5{D) vhat canonical fermi are

sppropriate for cha fats agructoren?

Te Eud Moy thess questions con b amavered W munt temind waraelves of tha tech=

[ca oblam whirh C3(D) Balp us to selwet how fo navigate theeveh etorage wol=
.-:.lt:r“‘: the data slewents wanted by proprams, Gbricwsly rhiv entells nesing
tha data slementn o thar they cam br sllecoted Es stoTage in amy Wiy appropriate
g+ tha storage topology (this allocatien Iv contalnad [n che [ntermal schema),
The nscas weed In tha C5(0) could be mpemanles but they nand not bd. Lat v supe
gesa that Chey a4 mat, &¥ Lhet there in me trapcation te tranafor aubcemscieusly
of tovertly amy knowlwdzs af the wypistemolsgleal swmsncies. What tl-;n ‘- -: .
wndarstasd aboyt the satermal schema which maps tha dacs pamay wapd im ."1-;-:--
pragraas fate the cawsaicsl form af the CcECPIT & C5(D) Lull of data pames wit
st salf=evident maanings will met Balp rhe spplitativ m:r—-rll- ::‘vzl‘h
napping of Bfa daca piomante iate chase of the tanenical dats —l-l. Pl
faread bock to CHLA) whare by way flad chat bhe sasnbings of dats slrendy In
databane ave gy appreprlave oo hie mow gask,

9
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upt ouly momew of datd alrewnts bat talat{onships smmng thain slements mure Sa
swnrpined in CS(0), Ta dwvestipnte the significatlon af vhess rebaclonshipn, wa
ran #rrip the freblem bare by not permitring marmonice te b4 carrivd wcrorn From
c3i#) e €3(0), Ef we do ehin, 1 {0 €lear char "lopleai® marlons sich an
“eacityt, "strribetet, ‘role’ and en oee, canset ba werd a1 CS0A) when alking
el teal thimge, Our databane saltvars Lo Lntendad to haldp wn “nevigace” threugh
srorage to the data we want, The C3{D} Llu the "chartrova®, 'Lopleal’ eelocisw=
shioe are vignifleant Secaurn they defing rowtrs smony dura nlewrentn that wyat
ta avnileble end may ba wind quiee often. from thie poinceaf-viyw, the dlepurn
tatwien the davatees of binary and =2ty modele fells Inte perapectlve, IF Em
todruier peroils wnly sequentin] precessing thes sme wust traval Betveen slngle
dace elewente and the Slnary modal v wacursl bavie For the canonlcal fovm swch
we Senko duscribas fn [15). IF the compurer is wors appropristely urad sa &
rerslliel procesesr, thes growpings of aterencs whlch ars necescarily and onl
re-eaparily telnked will ba [epartaak verucruras te Ldentify, TRa Lisel oW
Tred s (hird rormal [erm, Somsthing 44 geined and somerhing {x lest whlch aver °
canonlend form Jo untd, The puretmleoalcal dlsccntore of the blnery model Ls
peinted out by Srnko lw his peper. The areiflefallcy of the blnary sodel Lo am
sdmanrage if yoy wish te awoid confuring CE(AY and C5CD), The txlationsl view af
data ia ronvenient but dengeroun 2 the CEID} lewel Bt nt vhae CECAY lavel
colotionel Peructurss weem To be esnentia], At laaat chls 1n strengly suggeaced
¥y our siuvdine of [alerwation asatysds fer lagsl aystems,

keving atrwwpted s this sectlon to draw a demarcaclow 1Ina batwesm application
conzapte, C5(A) snd canomical dute strectures, C5(0) wa shall turm b» the CS{A)
without tha tinh of bacemisg lwvelvwd sloutcanecwaly En twe secn of Jifflcutt

asd cowpiax problems. Us lorroduce theas [deaw o0 thay arlsa En tha LECOL Prajesk.

Tra concratw and The abkatrsct worlde

The sxparimancal wactarisl weed by the LEGGL Praject Is lagintation of the Wind
uwaok which routies adwinlecrative ayatoms sre based, Thesa iyatena #f rules axs
toascructad #o that thay are prewsded, a0 far as pusalble, wpon slsple, rallakla
toncapts awch an phralcal ohjoccs, svumis and relationahips (een Flg, 1) whilag
the akserace wotisns swch s s work of lvarstura®, ‘*copyright’, "evaarshly of
wopyrighc’ and se wa, ars procively axplicaved threwgh Cormal rules.,

-+

" by the earlior smalynin, tha zom:

Fg2: Rishact eublios gosndolspon, phyescal ones _

' B LI -

i

H 1 rpfs ar -
fihe durk a stretinra, Kotk the aalysis rf Femcep N
L En e et » ung §m inthuded wnd Wath beleny, wrirtly spaah=

jon wl Jepsl prescelpti
::- r:;r:l::‘tnnttplull acheas (hy whick §8 meant L5{A) la che cest sl this t‘:pﬂ‘l.
l:h:'.hlr Imagine thar cha legal Aralpwnam i 1rying to wriks = pregrem tw govera

thy bahsvisur, pat af & cempuive, buc of Che veal world. Im & “m;;:[::l:ﬂ. e
talen of the rulen and thaly concepts have thi dpma funetiom ~l, . .
by wrraal sevess has thin rele of pu;r‘-h'_

rhe resl weeld. Fig. 3 on tha Laft hund side shows thin,

o mptoon. |
RULES , F
2 -l t)emz-f.

model

%3: ‘Efjnﬂaudj{.ﬁgm.asm

Sim.ltanwously, Cha LTCOL verslon secves 20 &8 eddmputar rr:f::::':!::v:;&t::::th
& conputer systea® which wiil intarpret ilx. This iw wepr v on the TiENE
wand side of Fig, 1. The LECOL Preject huw effuctively l::lr b
plications with viich C5IR} wust daal by accepting the “l:: ::: ¥
sofcware Enployed ¥y tha prototyps, nawely FETY and HF/} N

It would sers (hat & sontaptesl Nehema, nﬂn;d h: L!f;
ar in sose srhar way, would deal fully rll::. Ih:‘l[:k :::r::: ::;:.h.::d:: e

rid. This Is wor se. ¥ Sra ales depandent w 4
:t::r::-nd the words, mumbera, sehtemces amd o0 oo, whieh crase I:h:.:'ll_'lll oya
ren's boundary, Thin sagiectud topic Lo the mae wo shall mew ERaR .

From thle awslysis,

Pimcowrsn Sxyptean f

prodwcts sf sbtura, Thay isdakit tha syscem of

Tarmal [nforsation systems are pat T i Lo Lapertent  tool's

satura] digesurns which human balegn bave crast .
Watural lamgmage warves ab [ha Eets-lamguage in which h:::l';::-:“:?‘:! IIL:-I
Tris discvuras systre conplicazes tha plecurs vhich 1:.".-.“- T fexile
alan provicar [ha siiestinl Basas of sereps frwm Tha =grd ]

legical anslywis,

* slball & trwin, Linited precatyps st pTepent
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The wyrduls iy the farmal sydren pre pelaced to tha Thinee [n the shlecr=araren by
peeple*waing natural languapr, See Fip. &, 1r {n sonvenient to call tha sysiem
in which the meamings of airns denend upan 1laruiniic and arher norms, tha :
dbrzeursn system* (L}, [t correnponde ts Ct lalfarmal part of an srganbsacional
Alormation 4yetem, It wvolver theewph buwam, soclo-linguiatic Entercowrnr,
wallhe tha forms] ryeiem which depemdn woun explicly definltions. When chaerva-
tions ére made, resuliing 1o data-values beipg imvertnd In o dutsbase, or vhen
datwara cetrieved, an & bavls for scelan, the Vink wil1 be made hy wotdr ov sther
signe which are mesningful Both fn the Fnirmal syitem and ibhe flecourss systres;
R.§, "CUSTRICR, J. SMITH LTD', Uhen symbols of the Formal spstes sce wied withowt
thalr havimg 4 place In the disgourne syrtem (e p. 8% accwwnt spaber "J7002433°)
thalr vaa musr be osplafred to tha ralevamt propla, LA matwral discowcsnt®,

Dparstisnilly, the symbele o call "[deaciflers® wi'll ba Llpked ta tha relevast
Phralcal sh]ects throwugh tha digcourea syscen, The gurst far logicsl epertainty
im this 1ink [a & ¥1lnd sltay. we shall alvays btn dependeng upon tha stabilley

ef humam porms im tha uew oF slgpa, Thenw constamely sbifting sorwe wtw tha
alightly imsecurs bat snly availabla Fewndsrien upon which & pruceies) davshace
canm by bullt. Swrprislegly, dagplew Ete central zola Ln #rplaining any Targs
daka-protwndlng ayutem, tha conrepr of & "discourss dystew’ hax heen avar|ooked by
infornation nystem theorista, o .. ) -

Even when daaling with the appagamely simple mamantic problem of how to identliy
Phrelcal odjects, the Infermation awalyse cunnot rely upom ghe norme of the
discourse aystwm, The wey fn which e real world o parilcioned into abjecte
depands upon tha wra of Jamguspe wichln ths dSscourss syatem, wheq peaple are
solving practica] preblems. Tt Iv.a wistsks to axsuma thar thare is & wnigqus,
s¥lagtivaly-glven wet of physica) objects te which Tompusps exfern, The wpatlal
dod pemporat Limive of che objacts wa talk abowt ara & [emttlon of wvhy v are
cafarring tm them, of the shacad problem we ars tryiog to dulva through che ube
#f varkal snd other synbols. T che purposs In changad, 9% atm the objects. Tha
sorms afl the ¢ipcouran syotam cap shlfr {5 swbile ways to mapch the shifvisg cow
tant wf dlfferent prabless,

Thin theals seeds to ba demoastratad awd this 1o dors belev, Ti 1t in pree chem
It fep7lew thac formal systens gall For the wee of werds im scable ond wnifars
ways (hat diffur From the vangs fanilisr in averyday discourss, Ik will br a
et af b4 concapiudl sehams bty wmbody theawr sprclanl meanfmge of doks in tha
foroal system and to help uwnary s employ thea coreseily, :

Entiey and Purposs

Fravuably wa wvant t& bufld Tormel dofersetion sratene vhich ¢nakia [teple to
tooparata and do usaful thiops In the rest worlds The dadly af human coapafation
iv tha vig ut algnn, including werds end athar symbald {5}, aa that oos paTaom
WY whvarve asd cthecn may Wmow of sna prreon may Instrwct and athere may aet.

I any vaw »f Infareacicn Ehars will alwsys be & ciosed Isap Irom chservatlon,
throygh decislon, back cw sctlop gffecting ewa ching ohwarvad, 1 an infersal
wit of warde ea spiva & practles] prodles, wery Fev pasple wi il w Involved 1a
Ehir cycle and thare will b9 ne leng delay broveen chuervstion and actien. Fermal
"Ystant Lend t» supstiwds lnformsl discourse when many propls have to cespirsie le
& fwoplen tanh which requirss preelos actism wver lomg dlvtancen ond sxtended
Elay parleds, Ferwal syscems sre the snsancs of sany hlnds of prganlaacive.

& Nate that discowrss lowwlivaw wurs Chen matwrsl longeann) Lt depomds sy Jaare=
Ing mow to wen wordn, sumbars or schay algne Lo gl EMNEs dons,



T #peraticons af absarving snd détlngy dte Ehr jarrrfaces hutwean the chlect 1wn~
bem and the inforeatlon system. The eomputer Opecisiiot la [amillap with the
problemx ol arpanising snd lateliing symbnolic sgructwres wlthin the farmal Lnfars—
azlan ayatem, Ja thie papar, we ate cenceraed uleh tha quite difforaat prabklem

of how to orpaniss and lsbrl [he comteals of Lha objrct syatms®, The merantle
problem may ba yeparded ae that of eatab.sanivg corraspondence brtween pnoltied
anl data,
whithin tha compubyr, ea da ve gintingwish and labe] entities Lr navlpate threcuh
ragl specn And timd. Just 3F wx wish 6 update w veersd conaletenily and lacer
ratcieva I, wo do ve wish pur nhaervatfons and scen Ln the real world to be con=
sintenc, For cxample, i txalllc warden & cbbicves 4 vehicla ohairueting the road,
Ehan thet wehicla and po other shouid ba towed avay by conmtable B 4nd ite twarr
ard nz ore sles should b4 [inad.  Any men—combucer apeciallst would Be azaned

that the idunt{flar preblem whauld ba presnnced chle wvoy rewd, but discessions of
idemtiTiers by duta-procenniag speclallote ere glmorr laverishly in tares of locy=
eing records In Tilew ard dealing wich them copalutenely, 1a the Yireracyre, wva
Elrd thar dlscwsalons, eatamvitly abous ldencifying entltfes, wnyally turn out te
ba abour [dencifylng and lecating racerds In fidanp tha Infarmacion retrluval
preblam,

The fesuntic problem iv mmch more difflecult than the Lmformatlon tetrievsl problem,
dasplce cheiv Torsal slmiloritien, The fundesengal difficwlty sbhour ddentifying
thinge in the rewl wvorid 16 chat thare 19 siwaps room For dlspute, Testing for
seed of matching symbols In storags in celativaly pimpla. Tdancliiving sooe
antity in the tus) world has ne sbsolute tulcome, %a wust slm o previde &
pursoas wicth an Ldancifior which snables im te (0nd tha eativy with sufFficlant
pracision for mons apeclfle purpoas, such an Tevying tae, WYe myst Ba prepared
€c Tadellne the entities vhen vt clungs our putposs, Eor 4nawple, "factory” for
tex purppaen, would be dlfferanely intevpreted fyom "fartery’ in the eontest of
Indusurial safecy lagiolatlon, s computing teywinolepr, oms might say rhar fer
cuntitlen therw are many "subachemas® but o panern] "schers’,

The dengar #f pupposiog thar ops, wnlversal, saricy-suruerurs zan %o Lmposed

wpan the real world i {1luatrated by tha phllesonhical provleme that thin
suppediclon wl]ll panerate. 3y abandoning the byliefl ip o yalvaraally valld ple-
turs of tha world [n Caysur of o savlen of dlfTerenc pleturar, sach sirving wors
practical purpons, theia phltosephical problemy evaporate (L), The offect of
Furpors om the entity-siructurs 1o coplously Liluscraied later, [n the saction on
snelty-boundariny, seanvhile it miy be énouph to conelder tha elavalcal proviem
#f Karaclitus's viver. Oms conpet bathe Evice in same rlvar, Though, im o érmie,
Bt ir wtill there, Thle paradox s 1Ike tha confurden of twe databaugn, one to be
wand by brldge builders snd one For enviTonsantal(wcs.

The sama, danperows suproulelon sf o ynlverval antlpp=atruciuin (o sebodind tn &
databaps manape=ent system vhich requlves & minpla, Feneral achama tp be satah=
lishad., & mathemstienl or compyinc=centrnd appraach to datahars daalgn Eands te
wncouragn The wiew that the world han & sslfvapidant, wnarhipesus styucturs which
c4n by recordud In f[les, The dlstloctlom wmade anrlisr betwaan CE{a), appllication
gancepcs, and C3(D), the canonleal datm sfvuctura, [n basic ¢4 aolving the preblass
of dapabase merantles, We munt constanily rewlnd oursniven vhat our discussiens
EWul cusToreT-recerds” wed "predect records’ aad "siecherecerds’ wsually haer
mothlag te do with the resl world of cwstomers, prodects amd ptacky, Thane teras
rafsr o proups af wymbole to which we whould Steach codan puch an-'F264', "80I1°
aed “PO20', lancead of "CUSTORMER', CPRODUCT', smd 'STOCE" with bhalr satrasesus

* The phyalenl akjscea which chamanbvan tarry fulermacion {o.g. decunancs) ate
thamanlves park of tha shjmt=—syatom, I &0 far an w are latevasied in thew
i abhjexts Fapher than ablgus, oy my ba ireaied in the pamy way.

Just an we giotinpuish snd Tawel dars fo eAviEACe Ehrouph gTOTIEe EpECH

v atxlctly dfreluvant connetations, The iveptew of thiv Sind of svrer Es rhe
2o of u trrm, Juch an ‘cuntorrr’, without qualiflcatlon, ia & resl cenpany,
tuttomar® will have memy meanlngs Lo suil pany users - lovyer, setountant, sales=
N, warkel reddarcter, predectien contreller, The analyein of the encleiesn
Falerred to dn Topinlave- * oiv thin clesr bycayen thers are Crayurnr shifes In
Rianing which cthe deaftorin oy -ubw enptiefr, Tha LEGOL dystam, Cherefora,
Exguirss every enticy defamitoon to be given o comrant. Tain i3 o JiS7icwit probe
lom for the duslgner of docaburs sofcwars g It Ly butter that wy Cace wp oo Lg.
T conjecturs that & mowelithle database can anuily bacome s ssbatrrassisg avrges-

) Leaelonal whica=slaphant,

Ows cunk for the semantic wodel Lo te heep brack of the warled purpossn for which
diva yea wead, This Informatios 1s typlest of that wied {nkcially B the aystem=
deilgaer and than forgottan onca it Io saly jepliclg [n tha Linal phyaical
:;;;;l- 1k shauld by hald [n C{a) wnd dlvtarded [or the pxryewer purpesnn of

Ereley wnd Erabillry ' !

Our abliley ep wee computery correctly within an arpaninatloral spates drpanin
vPon our abllity ta oex sipne, such an words, pumbers snd varicus codes, im 2
#table vay 4o that the observer of asy, & Taglty crwpanent, rum pars 1T In 8 prede
®tilon repart knowing ther & cellespue In snprher fartory will ba stlr to [dentify
v and repule 1¢. Pany peopla ray obierve and work upar the sams cowpanant in
Wiys thar ate coordiomced throwth the vachivpy of afpne, The conponsmt way
chinge locarlon, tolowr, Lexture, shupe, Tunttion and oo wn yet, through this
flus, the concept of that comporent w011 be suscained by & group sf prople vho
#Te able to fdentify it with » ronetant neme, When Guine eaferr te "rhe wych of
Fhyeicel obleces o0 o device for vorklng » mapasadle struciwra Into the Flur of
trpatignce”, 7] [w nooe prepla bn may derm to be sdopring o queiar phiterophical
#€anca, bul nel to anyone wio ‘e thaupht carafully sbout the prodless of design—
ing & dutsbasn For = production ryeces, Miceriale chanpe thelr shepe amd sppear=
snca] butchew form, merge and dinperees saveshiies are crvsted and thair cow
Ponente chanzed; throughout thin fluxe Tinited bur offective entlopatructury wunt
be ured; the formal wystam could not sconamicaily recognins svery possible dls-
¢ufnible physical abjece,

The affectlvaresn of any loformatlon-system dapendn upen skable pattncns of homam
¥arhal or symbolic bahawlour known aw "parcopevs! naree’. These neres belony e
the diccourse-aystem. They coce Inta arlstengs becausr prople ahate probleas
which they solve cooperatlvely through the wae of lanpyspe. Glven the context emd
the peoblem, o grovp of prople will wvolve & way of attaching vords to Tenllty sw
thar coc=aom percaptlon af tha probles csm be phtalned: fallurs on che pore ol sa
indlvidesl te yercelve the prablen in the anme way us the maloricy will resslc

In Ms acting inappropristaty) criviclan from his collwagurs wili lund him to
ediust his perceptions into 3ine wlth the extablirted norm, Threuph thle social
wechanlen (and nag thraugh the applicacion of gaplicit definicions) wvords are
dreigned to things [n a atable way wnd entity-atructuren ave Impored upon the
Wirld sbout wb. Thana scfuccucus of perewplusl norme may by sysgeinad thraugh
#ocisl intaraccion, They muy lwad Lo poer solurlons te pracelcal pradlems, par=
ticularly whem tha locersction Lo putely varbpl or sysballc] nerss ars sxpewsd

t abluctive riciclam only when they give Thew to twenga En tha Tasl world of
Phymien] chisctn swd pecpla. FTor sxanple, the lmpounding of the wreng car asd
the charglng af the Lamocent owner for ebitTurtlng ehe highway wvoyld Emppaak

thit the aysballec "[mage® #F the rve] werld send by the police Im tha fl1we of
the resd=llcence and tralfle=offencas pyarem {g "out of focun’'. Meny informatleon
UFatens interposy Abstrack concepts batvasn shaarvatlon srd ectlea, Theww, awch
&% chy degal #hjrer "coupany' ar 1eral ralationship "somarshlp’ halp wn to crrane
& spable plenare of & changing wrld, ot (i sranlnpgs ate witinalely depondeas
upwn the praapiicn wf phyalenl sk|ecis and swenta, Norsally ix ks sanler aw
résalve dispuins syl phyelval Things 1han dlopuier shiyl siher smilvies, Teig



T I < PR TS n.

Al S B R - 1

Jurcdfles Eor ewarple o 30uful foview oF Wow vr attach nesan te phralead wh]ecte
ar u prelude to the atudy of more evusur conetple,  Thin amswple of 4 sewsntie
praklum lo about the slwnlese we tovld choors-

Tha fuscrions of oamed

Bevay {3 mupgects thar & wame avbren Ehrpe Tumccionss un & Fanen, 80 3 label,
and a1 & wehicle, W¥e partitlon the world inco ghyiical objerta by namlng theag
changes may taba place within the boundarles But wa Lrsp the fancad Lntact. Thia
piceitloning #f the vorld pravides wa wich s evlervnce~frana, o hind of prnaral-
Lasd emordinate syptes by which ve com mavipgste. MHamss are the coordimate
labeln, Wn attach & Jabsl to swy polne to wvhleh we cursalver might with te
repura or o which wa might wish to direce womecos sise. Once the ohjret has

*gaen xiven o nang, ut con Ceamspect ft, a2 [0 wers, symbellcally, sod place [k

in new Justspasitlens with other ohjeeca, withowt the nesd to shift tha pbleck
phyalcally. Hauwe, as wehlclew, are the weans by vhich we dlscover, snd Impons
wpos the world, seu 4nd perhaps praferahle sefaopswents by meinn afl #or con=
Jecturen, hypathesun, theelian pnd plups, Lab un suamine sach of thems funcriens
bore cloesly From an dnformition apalyee’s palnt=ef=visv, Inforsakion syatens
depend for their affecrivanssy upon the eoprgtt annlgmaynt of samgn (@ things,
the approprinte wanlpulatlon of Lthess miwes Prlbowed by the corrackt associocion
at“thinegs wlth Bl pamsn. ’

Lat wa Firmt observa that the [nforsagion snalyst 15 comcaresd with the duflaf-
tlon of the formal Inforwstlon ayscem In which the meaninge &f words, ausmbare aed
coden are [ormally deflned. Tiw weta=langyapt vpon which 2ia defledciens depond
iv the satursl lengueps of the discayrae nyatem whien, ba turs, Lo Toeted in the
parcaptual norms arising from weclal Intersecion.

The fenclog off I3 dona By the dlacouras aystsm. Mormilly, uwe employ two of wery
c1apri, hepbaming wivh o0 recornition oF so #atiry-eluas belars wi name the
T I S T e wrtInary uek of wordd (n panarally admguite for
.ot v, + e, tht poreal ueagps 1o mot preclas anoughi we Chen
Bgwe mrremety |0 alimittond {an ln £ha Copyriahe Act 1965 £7) whare, for exacple,
®toritten matber® includen wey weiting, oign or wisibla cepresencation”.} The
firat step Uy Intanded te provide sperstionally effactive procedyres fac dif-
Fercncistlng tes phyaleal ebject frow Ity survounding. It may iavelve epecify-
lug whe should make the vbasrvatlon [n chose cazcs whery the wpecisl #kllls of,
aay, & phprician or valuat or tax dnspactar, say ba vrequiend, The (Ascruomenty
te ¥ wind, the place of shrarvetlen apd orhaf clrcwmitanced way hiva Lk be
Jimcluded in the deflniefon,. Thus the physical abject (s Jdentified inielully,

Sk

Miving feusd® the ehjecr, w4 mast attech & Jadel to i, Tw che awntrdey =
uariens dwnlt wleth ¥y out ddscourds eystemn this 1o slwple Sucayan the numbar
of objecee wa are concezned wich Lo wrall, In s Formal Infarmation syFi e anpe
1sying & cosputer, the pwsber of sceurrencan way run into milllans. The conr
strottion ol thams labelw €or wen ln an Information eyntenm 00 camplicatad In
ways that will we dlacussdd balow, Tha fdantlfier wust not only caremarond
mathomstdcally with the uaiqua phyaics) akject LE Tepramancs, Wwg 1T muil cor
raspord esperationally, The infermathien ayatew wlll wot be able te 48 veafyl
work unieds thrcn ave procadures for jocaglng and for chaching ¢ha ldanticy ol
the cbject apecifind by sny ldsagléler, (Coaslder, by way af {1iyntragion, the
sperstionsl prablaws of Iwcatlog as ohjeck in & Varge musews or of anspclacing
tode-mumters with blllece of twd~hor stanl} Thess are contral Leswss [a the
deaign af codey for Ldantifiacn, & topic disgvered furihar balow,

& Objecty TREE 4fw Evd JATRE OF tow small to Prassnl chamiulivan for shsarvarlem
in a simple way faug. tha selor=eyscem or & Smloguls) susl ba grastsd an
shrcraccions, Lo Fopper (90 s sbvarvatlosally—teacabln shaldinats.

}
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Mavine eatabllohed an operacdonally effective, one=Lirone retalfnnship brivery
ghyaical ohjects snd JTEntiliers, wr can Beril Lo wie thess cavefully cumatruepnd
airne as wehiclea, But we hall need "trofflc’ rules. By re-arranclop the signa
which veprement the ob]ettn in the world, wve conjectura pew srraprcmants of the
wnrld [t##1f (Ffor wxawple, srders sarr—d by product typd sy ba annlgeed te
apprapriste machlnes). Wew srcongements conjeriurnd in thiz wvay will oniy aa
cransletable ineo reatfty IF the {dentifiern have not hesn wavcd beyand tha
bounds withln which they are meaningful. The Infersiclom snalyst mudt satadiish
thwew boundarlen [ the date-precensing sysiru (5 ta b conarrsined te produce
mcanlngful evipury. (Thusil sngips 1274 cannot be vewd almulteneowsly la two

Ldlstinct eara bun am akafvece okjsct auch a9 the play, "Hamlet®, say be wnad

almltanecwnly by sevaral thasrren} This ls the contral Loaws in the sewantile
pretlem of wpdeting FlLan whieh (o touched later, Esch of the Funceclonn af' s
wany Will oow b sxamined in wors datail, -

Entlty=boyndarine in a Farmal svscem . .

A feres] gpiten must vely on 4 piven waeley 9iTwcturs smd pormally 1t rellag e .
tha disconces syntem to avnlgn e namar bc eonn, Ealiance om cha dlscourss
ayeten [2 ulelmataly wnavoddable bue therw may be & convaraw [nfjusmes of formal
ruler on the the moran of divcourie when everypdsy termlnolaopy nesds to b
eightvaed; rulae way help to waks the remlng dtructors more widely tonsintent
theo it vould ke under an wnaided Jlacourss aMtam, For amaxpla, in the 1985
Kant Aet, “'the cccwpier',-1n relacion to any premlaas, wrans any pereon law-
fully caaldlng [n ths presines or part of them at the terwlnation of the

Terver tanancy™; thls rastrictlon removes smbinvlcy from ehe woed "occuplar® aa
[t in soploysd in morss] discavria, Another fraton far Jormsllelex the mamleg
#f things, tormon [a tuchelesl sltuatjoge, 1s the Jach of say sateblished per=
captval REres upon which to rely] for suample, & partlcular subssdembly for an
angine say Awver have baen made bafoce sa what it eonstleures wont be delined,
ad hoe, by an unginser, His definitlen i1l vicimstuly rast vpon sormal wsape
of worde [n the dlscouryn system and any Fermal definltion will wa anchored -
sdnllarly [w the parcepcual nocwe, derlving what stebilley It has from thess
gulturel rolarsnce paioce, oot from tha legic of tha delining rules hamasiven,

The inforoaclom snalyec han & responnibliity far particioning the world spprope
rlately Inte lte relavent component encicivs 99 thet daes abogt thew may b
manbpaleted sauninglfully and coenslotancly by the formal wystem, Lot wa Jock

st sory &f cthy problecy he mighe encouncer,

Charets dn the propecelen of putetlen antlcled may (ranaform thys bevond cuay
eecOgnLiion and raien problems of wvhen the antily cosred o axlat, being croane-
forrrd Into another snelty, perhape. For exampla, Bince the advent 2@ trans=
plant wurpecy, the fevroal daflnitlon af the morent of frath hed Secoma & Fattor
«f kean interesc. In » manufactering plgystion one can [vapglne o plece of wpant
#oing wvorked (nco miny vacled shapea, ltomerallurrlca!l propeceian und Lop
phyeical contipuicy belng the only aide to ite Ldengificetion. The plucs of
stanl, Lhrough &)) lee cranslcions, will ha vemanded av the varg shilly, tha
traron balng that we do not change our Inrentions about what to de with the seasl
at o Taeylt of che teanafoarsations [r waderpovi, The busan body will br wead
wary difTerently allve and dead. In general, (0 porcicioning af the verld {mes
Ive phyaleal snpicdun will depand wpon what wve Intand o de wieh the ennivien aw
cotwforined, Transplanc surgecy has madu sncantlce = vary Jively sudlecel

Averrbly=subssserhly relationships offar Innumafsble altsrnatlve aontlty strmiaran
Tom which ons DUSL & atlacbad, within soms nimpla consrrainte. Tha ¢ narnpwen L
of sach asaenchly wmust by wulually snclusive, wihetvlss dnmatrwcciony for meking
amd diveanthing afa hikely 08 e anbigwayng alen cha Jlar wf componanls musc bs
eoxhawitlve, stharviess the Farmal sysiem wil] ot by sbie on dencrilbe {he ranufac=
turlng prersne rampleisly-
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Tor deepl) Enew which the saaenhly [ decompoawd will ba {lmlved by the aeed 1o
act upon cosponants Individusliy, Lo manufactuse them, ardar them, #r redesign
them, A1l thess accivitien may shara the same enclty=seructurn buf wLher stTuc=
turen mir paveihle. Fof snawpin, subsagenblievs way b diselngul sbad on tha
groundy ol thy (unctions they parforw. Thoes crlterinn will awit the dealen amd
uinttngmc ¢npineers who soal phderstand the working of the whole speembly, e
mir be irposmihle o select one decompoeitinn thae will serve all purposan. The
drtdpn enpinesr may prefor & Jecomposicion haned upon funeelon whllut the preduc=
tisn snrlncer may ba more toncerned with physical structure; malpiehince way
renuire #lementn of koth, functlom W ald diagnoale, phyalead sepwcture te ald
tapair, The proklems af hov Eo nema The subassesblies in & complen sCructuen
ebrrude wvan mory gevernly when the main aswerbly (s go cepanivapinn and thy
decompasition s am accownting framawerh, Thin dlflfcult problem, apprzpationt
distpgragation ar aerestiy/avhassanb] y, may provids o malor jusciflcstian for
waing & computar In certain sppilcations) the conputsr may purmly (nformselon
baved on many 2iffarent #fTucturen to b4 censintently zelacad to v slagle, very
detallad wrdeelying snzivy-strucrurs buc the solut{on miy bn uneconenlc LF thls
common ALTwctuce e tos deralled,

Syiterle continulty may %o sufficlent resson for namfng, an M phyvicsl entiey,
rorething with chanaing phyelce) compasitlen. The prowerbial waample nighe apais
ke the civer chae Neraclitus poioerd oyt wpuld not %4 the seea on® Rexr Lire you
scepped inka 1e; Eha human body Le wach 1ike the tlver {n chls tarprct but, moras
provalcally, there ara, for sxaople, produccieon liman whieh, throurh medntensnca
ard devalopment, ara physically entlrely poplacad whilar ratalnlog thelr ayscenie
ldenticy. Phyaical obJetts &tn nat slvays phyelcally snchamging, Thelr parm—
anetice atlsen not frowm what they ara sade of, bot fvom the eonecancy of tha prob=
lumk thay pore and tha ways ve wiah ta ups then,

Chanre of Wit or role may signal the and of tha enloiénce af one object and tha
begpioning ol another, MAtural discourse would tand ¢ achmgvledge continuicy lw
cunnd whate & formsl mysTom Wwould have to make mate saact ‘hﬂuthnl. For
wzample, riding & Wlcyecls vp to the Ecaffle Llghte Leads to my son stopplng, In
conformiey with tha lew Ielutlog te vehlclen) But carrying tha bicrrls homs Lo
him for Cheistmas, I way carrying & marcul, wo 1 was poverned by difTerent laws,
Similarly, wapy a bortle han bacoms an affansive wespon, Thiz kind of ahife con
be tresimd scmantically sathe reciman{fyinpg of tha same pareleular object undar
warl#us generic pomwa, Such am ruplandtlon will do Fer the dlacouTen syacen,
which has & tenicieced apen of attentiop, s 1t wers, the oblect way enly be
ralévant whan {ca role has %aen decldedr tha traffic lav dld nat apply Ea my
wan's bleyela wnkdl Chriviwas morninp whan my parcel wacams his vedicla,

DLFFferent obivcte way be wade from the ware saterinl prosencing o peeblen winliar
te the one aboey, A swold may be turbed inlo & ploupghehare. Va slight record
thls wvent aa the und of tha pwoed*s sxletance and cha bapinalng uf & slough-
¥hate. Tha transformabion say ba guits » subtle one, o0 whad #n avtier relecin
% shately plece of wood am an oblei=trovvd; the act af selectlon vould bring

thiy ratural oblect wirthin the Lerwd of copyripht lavw which would trsat It as
dny oLhar sfuiptura mors 4laberutsly lavhioned.

Trom the shove amalyale, 6t muse by conciwded ther sur mases for chings do mat
anbody Any krowlndga af tha intrlneic nagyry of the world, sithey 4o they reflncg
the oatufs of our problamd, our purposas and our Limpuieciz weama oF Intavacring
with the phyalcal worid. 11 wa are wn such whiltlng pround when coneldaring v
somentice of phyaical akjoete, hov much wore Cawtlews we shall nagd te be whan
we coma Te conmider wors abarrace anciclas and propertissl At laavt wa sheold
Wy proparwl ca look elewaly st tha glik aseuaptions mids sbeyt shered datakavas,
Data abtainnd for Jiffwrent purposes are 1ikaly o % semantlzally 4l fferenr.
Thay should ke shared saly wich Che mtmost saution. Far swssple, "child” spemn
 sinple wotisn bwt in duts-precassing rpppans for Fomlly mllovances and for
medical Focard lisaage thn definiclons weuld o difigule tu Pomonefls,

318 B 3l

Fot+fha putpoas af the LFGOL Project, tla abave anafrads flves gnsg wieful Alrer-
tlen to our cresgeent of remanglew, [f wn aré tn deline dara prnapings which
are frreducibla orex fron & lofical gmine=af —vinw, them 11 dpprnrs thal we
thoutd mahe them corrpapend to phraica} entitivr, comiolning information whith
will be tonstant throuphowt Lite exlsten-s. For o phynlcal ohjecy, the i
st af pltbents §0 & namt and tists Toe ofart apd eml of culatenca. The
Invarisnc of the bogical fata-utruwctute asesd 0 snaronriste way of reflecting
the serantic [nvarlence oF the real eorlty-sitoetors To which we pre refeeelng.
All the tiwe-varying propertles wauld be teeated separataly. Surprleingly, lr
may be rare appropelate te dnclude pucpses un ane af tha preperiiae #f an wentley
tlate. Thik con]ecturs Taleas ha IlTﬁ;:]tr of deflalap purpons sppropristely;
In LECOL, tha meatzol ve cone te dnipg thls L2 te Jefian asch antity-slass with=
Im Il'l.'ltiul tontant auch am & branch of Jaw, 4N &tt, & spction pr dvan & swk=
agrtCion.

Tew forration and sdalyrent af nares

[n the discoures tystem, Che piving of names [ waualiy gquite siople.  the nusber
of o¥jrcets Involvad may ke quite tmall and the named may be saeipned temparacily
far solving a lielted protlem, People aypply thele awn names oo svelé confeslon;
things are laballed by demonaccative pronsund, renitive nowns, papeviedlre pronsuns
ot by demonatraglve or poanessive sdirttives plun & cormon noun. (Cowmon nouns,
9.2+ "beck' sca lubels fof entity-clacees] Stldom in narmal disgourta de wa meed
to skeach prepar wamen 44 large oumbers of oblects,

Tha nacing of Isrge wumhers of obJects iw, hy erntrawt, o malor prodlea [n Formal
informstion rystems. Indieed, the raason for having & Formsl wrecem Jo often the
pexd Em hasep tragh of myltleudey of chings In & sasmer ehat 1o conelatent ovar
diutance and tloa, Licercing and Terizcratien systenms ard eypical #astplen.
Korral #fscourne (v adapted for rore locallnrd wor. Relfore any ohlete cen WEcods
a park of the syblact-mattar "krown’ to a4 Forsal sratem, Qv moat be pleen o a .
tn & way that satinfidn voma single eriverds, The mames miy aleos o chorea B .
reflace real srtwctura] patcerns, Thews are tha prabless af Foralne nanes,

Each nase putt be vnigqua. This can be schisved ln varlows ways, tha romeenast of
which Lo t# ansign Aemes Frem o sequential 1568, kreping nate of tha lust valves
utad, 0.g. acearslon mumbers o Llbzary bookn. Hames mlght ba gentvuied In mors
slaboiuta wayd from mamed of colated objeccn; for euanple, pubipsrsbly names &8
alabarntlonw af thelc parant askembly names. Unlquenvds nay be puarancesd by
tha Tulew we chat ldenclcal nawes will omly be generated T:% {dentical encitina,
1¢ cthis lu oot the camg, the Forral syrrem rutc inclwde & ceplotar #f pamen,
pons oeank of cheching that Rew ramen wre wnigee and cules for modifrlng any
homcnymy, Tor sxanple, & pitson's name way be enough ta identify hlw ln & par=
sonnel oystem, bur provielon may kave to b wade for the crravlon vhem o nev
scploras’s wama [n alrsady uewd by thw aprtem. Unlduenses 1o the enly mecersary
characeariagic of the maws thap {s chagap Jor an ohject.

trsuctural praparcins of memes arx pomatimes uddful, but chay sre not oacedbaTy]
sorttiwes thuy tin ba & Source of denpersws probleme.  For sxample, plots wf lamd
might ba waned sceording te their pacinh, vithin Joce) gevefrment #fes, and
sarislly nusbacnd within paclah; thin atructure, reflecting falatlonshipy among
the place, would ba usaful wntl] & changs &f local goveramant baundating.
Accunulen wubazs #f bowkd wlll indlcste rowghly when the Llbtary stdulred ghem,
Mers laborabe serwctmras €an ba raprosonted f 4 smipable lsomarphlc mases
ptrwcbyra Can ko found,

Nesaslpnsunt «f mames may Bu Forced wpon o fermal syatem. WEEwln #hs and b
Sama SPRLeW, Pirwcturad Sy suy hive 19 b Closslpard U7 the waderiylne, rosl
BLraciwry I8 ma lenger r#rPectly fepfrsented by Lhe pams pifucturs. The Ior sl
garyrmment geerfanivativr would require swh ofiart, In 1 pesnply el sbuer,
thi werging oF 1w Jotsal systany parlaurming 1hs sons fwbrUioms fo¥ ‘“'l'l'"“
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terulatinas of abfertn wli1 redqulrs resanbenvent of somes [ sherg Ju any elsk
wl the st nayes keing vond for phircts previeusly dralt with hy separake ays-
kemi,  Thla reanalpovent can broan encireiy forral oaeritlen. Rut ghis would

AL ba sa wien murping nystemn vhich deal wlth gverlienine prpularions.  Sueh

b sltuntion wewld ral) For procedures ra sheck any Libely srmomrns Frsulpine
'l‘ﬂ_tht mcrRer; thrse procedures may by eapramive and siow, requirlng pesitiwe
phyvicel ideneiflcation of tly nhlecen and roference to loth [nformacion svatami,
Problems would be winfalaed 4F naming always folloved standatds ased ml1 FLUTT L
Iring, stable uttuctures; Inr wninple, welwa prlé references for masinmg plets
Instesd of the aethod supgesced shove. Btandard rules far Cerming samts weuld
Sty af course, anlve the problen §f che sntley boundarles wery drpwm difEarencly
in the eystem haing merped, .

ldantifScarion of oblects

“;'"Il the aspiptmant of a nane {» an cperation performed oaiy on the sccoaslon
#f an objeck inre eha formal sysges's wolverse of cofecance, {danti€lcacion o
tha tn?lllluing wia 21 the mese o Link the ceal shlece and e spnbals thar des-
cribe jr.  The [{iat is 1wo—way. For the formal informatlon sysiem to servs uny
srpanisatlonal pucpase, Lt must he ressible for usarse to wwove calliably Prow
#bivcr to eyciwol and from aymbol pe th]ece.

- The pame of tha chject, te be an {duntitier, wunt ba suppiesencad by tha namw of
:"' anricy «lasw of which le Lo sp {potence. Often anough, the pace ltaell 1
.:lﬂcil [o & way that [ndicatun [ty entlty ciana (rne may havs oo smployes named

RFD'; {yst women't namen Tave bees vahen from flewars and given te furnscen'))
Tha Jereimele [deaabifcarion of clann from the form of & nass will be & winlul
lozal d!viul.‘u.r, Fer handllnp sone 1lwlysd atreams ol messsgas from vhich tha
ehance of ambigulicy can be eacluded, bur Ln peoaral, ve have to gywure that Cha
*aoy glvas mo clus to tha ancdty elaan,

Tha Liret scep from ebjart ta wymbpl {5 tw dixtinpuish and nimy the wntity cless
::I!utﬂ:hu down to tha polne I-:b"“ relevant hlevarchy of tlangan hrnu: vhleh
*idual unlqus peman ate glven, Tais con ofrem be dune by ralying upwn tha

Famlliar serms of tha dlacourse syscem, LF nor, the infornatlen snalysc will

mead P anwurs that the relevant retvannel are tralned or advland how Lo apply
Ehe Eprelal clasalfiesedon rules vhich distingulsh an entlty from its surrouncinge
:;: ®ocabllah which reming procedurs io applicable. The sucond srep Ly e devive
- :l-l fvom the abject. Ofcew chia bs simple, yru read T™ gunder princed w#a
E octmdnt or an the Tirg round o hipd’s [xg, For wxample. Lengs raliably you
BAY Takr o nuaber from o tag attached to o garmenti; lesr rellably becauss thara
ara high vlaky aof tha tag hawlag beun tewovad sod resttached Incarracely, wr
IncoTraecty attoched in the flirmg instance, As In the casa of o credle gurd,
san iy won ndditlenal Enforwatlon such as 2 algnature, 1o Eaduca the ctiek of
I“‘“[tﬂ vie of & owma; wore Information 1a vaed on & patspare which fncludsn &
ll,tnpthn und phavaptaph. In sgme carss, the mama cannck ba ‘pled' [o the
whivce, perhape bacnuse bt o cow guall {inerer), inscernsidlie {mtar), o 1Oguid
(batch of #ye) Log hot {mefsl} or |ikely te ba ewbarrassed Capy), In wich casnd,
the obarcvatlon ¢f the object wuet aupply encwgh inlormarlon te ensble oar Lo
CORIEruct Lt mama. The wams proklen sciens whew 4 sntrinede lakal bacowas
detached from Dow wwnmer. Eyatess yru somatimes dbesntreus]y dusigned wieh [nenf=
ficlanc togard for thiz preblan.

Tha probiss Just cited s akis to tha profblem of gaing frem symbol to sbject.
""';‘ lo ehin vay, ws son Ldeatiflara as pemarallssd coordlmataw ler Leceting
:ht“. {n tha world. If cha lduntliier desy nob ceavey sppraprlete papegraphleal
niormatian to tha discourss aystea, o8 In pensral Lt will mot, tham tha nass
Peivéy coly ay & chach thet wns has arvivad at the gorract prlag. Lacatimg tha
ablece wayld, In gamaral, cail fer vhe scasulox of poonibly &ii the shjacis sf a
pertbenlar Eype rafarred to by Cha ayatem, Obiecie are wewe]ly [ound mers
sstlly by appiying warlows secad]|obeg toghailquas: In the dlsplaas cass, che

-

. ]-rl_‘;f ayprem reiles wpon the divesuras ayataw [n which 1% prople weperied
. to udg the {derclficr com be parbiprcd [ kmaw the tneatian of tha ohjece.

! grack of pereons who ruy he sipected to baow f2.n. wear of kln, ewnerl,

!
H
il E,

AT

Soryr
tiras thla knowledre (¥ nat Terdity availabvie and the formal gystes Fusy heep

To
satab1leh the Turmal nnee of & prrecm rortectly, Che Sy2lem may havs to ke abla
t# conduct & dinlopus baied on Laformatlon wheained duelng sazllee transacilons
with him, «.g. niking hin te supply hle wother's saiden ne=t, & tochnique which
{n nor, Inciduntaity, unlversally appllcedle. 1u ochur casas, ehe forms! sybiem
iy kgap rrach af tha ;:tqu locsrion of the shlect, pethaps notlng & person’s
changes of addTery mvery ytar, or aven by folloving wovementn pecond by secemd,
23 in an sSr-rraffic contral syetew. Sometimed, movemenits ¢un ba trached 1T car=
taln Zeciofons sbout mavements smd consrquent actleny ars tecorded; Lo thie
cotepory are Batchan of chemicals la 5 ayarem of Eesks or ®llives of ateel
rushing chreugh 4 nill into spaclfles lecatlons La the coellvg-heds. The pradlam,
wentloned in thy previous pavagraph, of hov to g& [rom ohjrer po (danglf{ler whan
It cam cacry no lahel, cannat ceddily be solved walean tha physicel locatism wf
the ehfect ciam ba Ereated av one of 1ts heewn Sdentifying propereien. . There way
ba oihar, tiserdependent prepartiens pecansary far ddentificacion,-wuch as wrage
of canufaeture: they wrt alao then be logged by tha Formal ayagym, Fichar Lhe
logking #f chrie eharacteristled will hawve tn take place Titevally eoncisuously
or the farmal syaten will have 19 enploy exrbain rules of continubey that will
erebie jr, with syfficlunt sccuracy, ea witrapolata, Lrow suigable, lerermitiant
absazvatlann, tw tha current locseions und wrates af the obhjecta In ice wnivecra,
Thess continuicy rules srs sn sarentisl parg of tha semancice of thaws ob]ectn,
In & rhgoroun amalysiv they beed to be made axplielt. 11 thaze I amy sigaificam
rlak of tun tag belng lest from aw expliclity labelled ob]act them, te rrmain
séfecclve, the aystem muit cuploy wlwilar, buc Yess exsccing, contlnuley rules,
Datnceing orrary (n identifinre vwould ba [mponnlble without thes.

Thate cam mavar ke ona hundewd per cent carcalnry that lobeln vamaln sttached e
the objects o That continubiy Toles are wholly reilable, honca che Tiek of
{dwacificaclon errar cannot enticely ba allainated. This rlok hes Ewe compousntst
finding the vrong sbjucr glven 1ts pima and sasociating dats sbeur A knovn eh4cr
wlih ¢he wypog ldustlfier. These sre tww [mporcanc dezipe parrmsvere for the
[nforcation system, The formal syitew most bavs checke 'wullt Ence it to anrure
the dealrad Javala of samantic raliakillty.

Incidentally, 1t vhould br roted vhae the coae 81 tha object vhich cannat e
wxplicinly Je%ellad sacven to [ilusteate phe 1dus that & naws o an abbreviation

" fer & decalled doscripelon of the sbiect, detalled encugh [F cha ed¥]ece to b

avlecred unlquely smong othars of lee type. Tiw nema might scevslly be forwalutnd
by ercoding one swch scandardlzed desccipelon. Fea (10}, Tulea whieh, {n a for=
mal myarpw, wosbls ond te convert ene Lieatdfylng duseriprion inte amacher, prow=
ably wis the nama, might ba ragardad, along with rules of continuley, an & eraoe
o] straogrhening the links batwean object aad sysbal. They Yoo will have Ba ba
msda anplliclt Far usm 3y & formal syetew. & sultsbls pams mighe e Tulen of

synanyey.

Mulnd #F gontdnulty axd Fules of aynonywy ire wand Wheo wpdaing files te check
tar facenmiscaneblen. Thess sTe sxamplan of tha traffle Tolar Fwp Drvay's misas

ar “wehlclant.

anplicatlon dn LECOL

The furegeing sralyale L0 [ncorparsead in the nemantic madel of tha LECOL syntem
whife (ha Live of sn ddancbdlar ip mot tw »e conlusvd with Uhe worisn of » “kay’
for imfercativn-recriaval. Tha 1FGOL Tarmaliem in Lncended far enpreasing Fules
aSeuE tha eenduwet af & bvdlassn or 5 awcioty, An ldwniifior yassles one 1o Flod
the rasl abircts o which Do Infermativn syriem refedn, & Plagean drprident wpoa

tha dipewrsa syescem, .
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Structurslly, the Semantic model Lp surmounted by & mumber o0 entliy=typas )
which gmbody the rutes for Ldencifiers, The simpiast cype 4 che “object’ and
the physical objacl the protatyps for thoss abstrecelons wvhich we trank com-

ceptually as cbjects apd Léencify, aymbolically, Lla ways sanlogoos with the

identirylng of phraleal obJacta. Char- tetsacic of sn objeck Ls thil » nzma, .
unlgus to the [adlvidual, la o wuffie{snt [denclFiar. Py wvay of contzimt, ve nysical ohjecty to the slpns or wymholy
may congldac Che ralztion, another rype, which Iinks other enticker. Tha :I':II: ;::n::lr;p::.::rrff-ﬂ:.::':::u!:::.r L inls r:plh rlloncphlcal problass

t » ph aman I . e ! i -
ul::.:p:hi: :M.:: :;;:::lt:::li:?ltﬂ.l':::--::li:.i;::.nu:rt‘::::t:-.'ME.““.". awsided im syatem desipn becaney it wnn dymbols wnly wich ﬂ._l'_:!:_hal_gu

' i purpois. hat phllenaphlcal gvesticas bedavi]
‘upder', *inelde". & relstlon (s not onlquely ldentifiable wnlass tha patied atf elvion for & apecllic purpoie. The fact 1 ¥ L e tend the

t t 1z uim lanpuspd in unlversal weys, Sypesdfs €
i::'l:::::.“' 16 aewa. Bo, for 4 “h““." have the folloving Ldentffire :::p: ::n: formal lrufn, wa wust chath Thet ;.lu pamantlc snmumptlons upon

which {i¢ 14 basnd £an cops vith ite sucenales.

sddwd corplealties mare wapllcit characrerioriea af objees nyspems and dlurauras
apsteon whick are loter subserped within tha deslpn of & panticular physleal
inforvazion Rysted.

Rolatien! TIPS, OMECT 1, ,ovy OMECT m, START, CHD. Mt Twsgt, philossphy has kelped ue to reallss, concrary to pepuler apinion, rhat

— . h 14 Ln oot composed of 3o many well-definad oblects randy to ba namad But
e e e s gets naud iy o -l‘" a1 a% {dsacifior, Yot an :l:l'::: phak It Lo sprucrured inte :nlilitt phroarh the apancy 4f languare. AR

ehjoce in the wemanrly soda) alss [ncorperaten the poried of tha ebjact’s oxle=  oyltorrecture depends for 110 stability wbon the comcepiesl norms eatabliehed
yepeat and mainrtalnad by nacura) dlecourss in & soclal yyatum. Tha chaite of sorm (o a
rafdaction of the problam shated by the pesple Who wuataln thy valevant novss, -

-

Objacty WAME, ITART, IND, Te change thalr preblean {s to change thelr perception of Teality and thalr wee *
[ wvords.
Thess bakle complatus eap then ba yaad to defing spme of tha "grafile rules? of sl veias
the semantic wodel., Tor essmple, the relation sannat exist outwide tha perlod Tormal mystemn can only use sipnn fn wnyy that ara roated in the norms of the
ot enlatence of any of the sbjects invelved. & knovledpa of whan sn ebjace dincoursy system. Faynical obleces have the #implust Elnds of jdentiflecny just

e1eed and wnds 164 sxlirence b alos esmentiel for los srmaneles co be pracloely vy, oF snnlty and o rane, Vo munt stect by clariiylng, far a spacllic farmal
defined. Unlems the chree elemeny of “an-object are precisaly eststlished, it spstem, hew the physlcel oblrcee [t [3 to vecornive ace to be fenced of f [ram
will normally prave Lepoeslbie ee bulid & forma] {nforoaklen syscem vo sxerclse eng-annhat . Many wxamples weTe glven to demongtrate the dlfffeulciar of dolng
tonizol pvar thosa oblerte. Tar wxsmple, an analys{s of the Family Allovanee Aot L0000 0 vy thye tha difiieultins could be resolved by roonideclng the pur-
196% falled to tuvesl deflnlcion of the parlod of o Family'e gaingancs. pats for which the chject was to be dlatinpulehed su & stable aotlty despliea pos-

lag 1o It, ;
Oblecr names arw wdaumed te be unigue For a1l tlws, THLw cam alwayy be reollsed wltis  wvasr physical changar eecyrring to .

by wuitsbly sdupting o naning wystew which doas not provide wmique names. In this, st desipgn thy sethod of forwing sed sualgnioe namas te the oblecen
'usiqus’ mued dnly ba Interpreted wlehin o cantest of o pleam prables. If rhar E:-::;H:lh;ﬂt:t l:r:ﬂ wysium, tulquenses £n the snly structural requireasnt
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The entity-relationship model—

A basis for the enterprise view of data

av PETER PIN-SHAN CHEN

Lo

Vs hnd e s Fativide of Toohmedugy
[ansbredge, blasiachusenty
ABSTRACT

The concept of the enterprse view of daw is very useful in
the datshase desipn process and in the consiruction of
congeplual schema. This paper discusses the use of the
entity-relstionship approach in descnbing apd maintaining
the epesrprise view of data, Fundamental operations lor
changing the enlerprise schema are presenied. Finally, an
cvample i given o show the differeaves berween lhe
entuy-relationship approach and the dala-siructure ap-
proach in modeling the calcrprise view of data,

INTRODUCTION

The subject of the logical view of data has atiracted
comiderable nilention in the past 1en years, However, moxt
rescarchers have focused on the user view of data. The
recd For studying the enictpeise view of data was il
secopnized unlil recently. DifTercot users of a datobase may
have different views of 1he dalabase, but the enterprise
showld have n unique and consistent view of 1he database.
This is particularly importamt in designing & logically mean-
ingful and consisient dalabase. The concepl of the enter-
prive view of data is very usclul in 1the datubase design
procest and ia the desipn of concepiual schema,

Enterprise view and darabaze desipn

Dutabase desipn is » process 10 organize data inio a form
which mulches the underying daty model of the database
Pansgement sysiem. There are three major Iypes of dala-
have management systems: network, hierarchical, ond rela-
lional, Jn the aetwork dalabate management systems.
which include Huneywell's 108 and UNIVAC' DMS-1100,
dala will be orpunized into dilferent types of records and
€an be represented by a dila-struciure diagram' {see Figure
IL In the hicrurchical database managemenmt sysiems,
which include 1BM's IMS, dsta wifl he organized into a
fitm similar (6 bal more restricted than the data-sirucluse
diagram. Tn the relstional database manapement systoms,®
data will be organized into a st of rables dor *"relations').
In genceal, to design a dawbase B Lo decide how 1o

n

v

orpanize data inlo specific forms (record types, Lables) and
how to access thom. Up to now, there are very fow Loul
available to wid Lhe databhase desipn process, Uswvaily, 1he
dilabase desipner relies on his own intuitivh and cxpen-
eace. Thus, 1he resulting datubase may ool satisly com-
pany's obiectives apd may caus¢ problems in company’s
operdtions. :

Ancther refated problem in database design is that e
culpul of the database design process-—Ihe user schems (a
deacriplion of the wser view of datid—is nol a “‘pure”
represenlation of the real world. One ol the reasons is thal
the databasc designer is restrcted by the limited capabil-
ties of the databuse managemem sysiem, For example, the
many-lo-many relationships belween entities are diflicul o
represent direcily in some databiase aysiems. Another rea-
son s that the vser schema may cenlain sume features
tclated 1o the storuge representation of the dalabuse. For
instance, &t may describe which record 1ypes can be directly

" accessed and how 10 acecs ather recond types, In addition,

the user tchema js ususlly designed La be efficien for &
cerlain 1ype of data processing operations, For example,
the data aboul employces may be grouped inta 1wo record
types. cmployec-master and cmpluyee-devail, 10 improve
the retrieval performance. Thetefore, the user schema s
usually nol a dicect representation of the real world. This
mukes 1he user schema dilTicu!t to urderstand and dillicult

1o change.
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A possible selution to the above problems is 10 introduce
an tntermediate siage in the databane dusign process defin-
ing the enlerprise schema, which i g *'pure’” represenlation
of the real world ard v independent of siorape and efli-
ciency considerations. The cnicrprine schema will then be
tranalated inte different typex of schemana for Jilferent
databuig Manapement wysicma (xee Fipure 21 1t can 2lwo be
transliled ate several schemata for the same dalabase
managoment sysiem 1o optimize different types ol Jata
processing uperations. There are several wlvantages of this
approach:

(1] The enterprse scherma js eysier to understund 1hon &
uscr schoma Singe the former docs ol have Lhe
ecxiriclions of the undedying dalabose Management
syslem;

{2y The enterprise scherma s more stabde tham The vaer
schema, since aome types of changes in the user
w hema may not reguire any change in the enterprise
schema. I the entemrise schema neads 10 be changed
in reflecr 1he changes in the entorprise envinwmient,
the changes can be performed eusily since elTiciency
andd slurape ivsues are not considered.

Ertprprive view and concepiund achema

Whut is the dilfererer between the ¢nterprise schema and
the conceplnd sehema proposed by the ARSIXYSPARC
proup™ Busicully, they are very similar since hoth are
dercripteoms of 1he entenprise view of data. In the SPARC's
approswch. the conceptual schema serves a the inlerface
between (he exiernal schema fuser view of dala) and Lhe
slorage schema iphysical view of dala) {se¢ Figare ), The
requircment of serving as an inicrface between 1w other
achemala may inirodoce wme padesirable leaturcy into the
concephe schema, IF shis restriclien on 1be conceptual
schema is ignored, Ihere i almost na difTference hetween
the comceplual schema and the enterprise schema. There-
lore. the lechrigues diseussed in this puper are also suitadbe
for de~orihing umd munintaining ihe conceplual schema in the
SPARCS mchileciuee.,

AL o o T Sckhory

F Errtiegg

L T ARE R

YL

nothe s FLL

Figrine }—Founprive wohema gy aa iniermediage wep in by devigs

v cepiaal Schama

G". rari Sthery

- Figure 3—Emerprive wcw end conceplyal o hemy

~pproack wsed in the paper

In order Lo descrite the enterprise view of dala, a menial
framework 1o model 1the real wordd s peeded. Different
pecple may be used o differend mentid MMameworks, The
menta framework used in this paper is Lhe Enlily-Relation-
ship 1E-R) model’* The E-R model und similar ap-
prouches®® have becn found uselul in modcling the real
word, A disgrammavue technique called the Endity-Rola-
tiwnship (E-R) diogram will be used in this paper lo repre-
senl Lhe cnterprise view of data,

This paper is divided nto three puns, The Tigst part
discusses how g use the E-R model ol diagrammalic
technique to describe the enlerprise view of dala, This is an
exiension of the work reported in Refeernce 3. The second
part describes fupdament) uvperations for chuanging the
cnlerprise view of data. This is an area where very itk
work hus been done. The vperntions proposed in this paper
will be useful in moinlaining 1he enterprise schema, The
third pan uyies the E-R approach lo analyze an eaample
given by Bachman® concerning chunges in lhe conceplual
schema.

MODELING THE REAL WORL.D USING THE
ENTITY-RELATIONSHIP MODEL AND
BIAGRAMMATIC TECHRIQUE

In this section, we shall use examples 10 vhow how 1o use
the Entity-Relstionvhip (E-R)Y model and dizgrammane
lechnigue 1o describe the enteepnse view of dity, A more
formal defindtion of 1he mudel can be Tiwml in Reference ¥,

It j» issumed thal the responsibil iy of Jefining and
muintsining the enlerprise schema bolongs Lo 2 person
culled the emterpriae administresior, The following i the
supposied procedure o the enteprise administralor 1@
deline the cnicrprise schema

(1} identify ensiry sets of inteecad ta the calerprise
An ratisy in @ thing” which cun be dislinetly
Mentified, According 1o the necds of the enierpnse.
enlitics can be clinificd inle DWifeaenl entity rypes
such as EMPLOYEE, STOCK_FIGLOLER. An eniny
st is 3 group of entitivs of the same 1Lyp¢. In the E-R
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EMPLOYEE STOCK_HOLDER

=

Flymre 4—Estliy acty

diapram, an enlily sei s represenied by a rectangular-
shaped box {vee Fipure 4], The ferms, *'sel” and
“type.”” cun be interchanged in the E-R disgram. The
rcader may use ¢ither one 1o inlceprel 1the E-R
diagram.

There are many “‘lhings" ja the real world, 1n
sdditinn, differem enterprises may view the sume
thing differemly. I is the respomsibility of 1be ener-
prise adminisimler to select 1the entity 1ypes which
are most suitable Tor his company.

(7} idensife the relutionship seix of interest 1o the enter-
prite

Entities nre retated 10 each orher. DifTerent syper of
relationships may exist between dilferent 1ypey of
entities. A refationship set is a sel of relationships of
lhe snme iype. For example, PROJI_EMPE, which
describes the assignment of employees to projecls, is
s relationship set defined on two cntity sets, EMP
and PROJ. A relattonship set ¢an atvo be defined on
mare  thun Iwo  entity se1s.  For  example,
PROLSUPP_PART is a retalionship se1 defined on
three entity sets PROJ, SUFP, and PART. In the
entily-relationship diagram, & relatonship set is rep-
resented by a diamend-shoped box with lines con-
secting to Lhe relaled entity seis {see Figure 53 The
“m" oand o™ associnred with the PROJL_EMP rela-
tionship in the E-R diugram indizate that the relation-
khip is an m:n mapping. That is, cach employee may
be associaled with several projects, and cach project
may have weveral employees. In cenain companies,
cach employee beloags o al most one project, and
ihe PROLEMP eclationship is & V:o mapping.

There are many types of relutionships belween
entities. The responsibility of the enterprise adminis-
tratd is 10 select the relationship seis (of by pes}
which are of inlerest to the enterprise, He also has io
kpecily the 1ype of muppinga{1:0, b:n, m: 1, or m:n})
of the relatiunships,

(3) idensify rolevant properties of ensitier and relosion
ships fle., dcfine value seis and anributes)

Enlilies and relationships have properties. which
€an be expressed in terms of Afiribute-value pairs.

= "Bluc,” and 4" arc exumples of valies. Values can

I FroJ
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Entity St

be classified into difTerent repex such av COLOR ar
QUANTITY. A valite 207 v 0 group of values of the
same [ype. An attribate B 3 mappeng rom an cniny
35t (or & relationship sct) to a value sei {or a group of
vilue weis). For example, “address™ s 2n attiibule
which mups entities in 1he entity set LMP 1o values in
the vafue sel NAMES OF_LOC, Nute thal we relas
the consiraint imposed in Reference § tha the map-
ping frum the entity +e1 10 the valuc set o 1o he o
function ti.e.. m: 1 mapping) In wiber wonds, we now
allow 1hat an ultrbule (uch us wddresy) can have
severad vilues (such as locations) far the samie entity
(employec). This relyxation in the Jefinilivg of apn-
bute will make the changes in the cnlcrprise view
simpler. This paisl will become clear in the next
section,

In the E-R diagram. » yalue 3 &a cepresented by a
circle, and an airibute s represented by an arrow
directed from the entity set (of the retationship «e1l o
the desired value sci(s) (see Figure 6. After setecting
entity sels and relationship scls, 1he eolerprive ad-
ministralor identifies (he atinbules and value sens
which are relevanl 1o (he company's operations.

The three sieps siated above cover & major part of the
enterprise schema, For simplicily, we shall aat discuss in
this paper oiher issues relaied 10 the enterprise schema
such as inteprity constrainis,

To design a databuse, 1he enerprise sdministiator lis
draws an E-R diagram such ad the pne shown in Fipure 7,
He then drew the attribules and value sels for each enlity
sel and sefationship ser, The E-R diagram is then Irunslated
into & data-structure diagram of A sel of Lables (“relations™)
(sec Figere 2). The rules and proccdures used in Ihe
transtation process were discussed in Reference 5. Here,

we shal) investipate how to change the enlerprise schema
{1he E-R diagram) itself,

MODIFICATION OF THE ENTERPRISE VIEW

A" - h the enterprise schema is more sisble than a
user - . na, it sl needs to be changed from lime 16 lime
[ ZAVEL S 1Y oy
L TN Y
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Figure 7—An cniny-relatonvhip diagram (with eatity s amd relarinauhiy
scia moly)

to reltect the changes in the enlerprise environment., Ex-
cepling & paper by Bochman,” very hisde work has been
.done in this arca. 1n this paper, we use the E-R model as a
basis for analyzing differert types of changes in ihe enler-
prise view of data. We nol only propose a set of operalions
bul also analyze the consequences of Lhese operations.

There are five basic 1ypes of operations: add, defere,
split, merpe, and 1hifft . The firat four operations are applica-
ble 10 entity scls, celuionship sets, attabules, and value
sels, The 3A4F wperation iy used when the enterprise
administrnor wouid bike o view 2 value szt in the oid
enlerprise schema as an enlity set in the new achema or
vice versa. It iz uselul 1o think that the E-R diagram
coniists of Iwo conceptual domains: (1) the upper concep-
twal domain which consisis of enlity sets and relationship
sels: §2) the lower conceploat Jumain which consistys of
attributes and vilue seis. We shall discuss the Frsd four
vperations in bath the upper amd krwer ¢onceplual domains.
Finully, we shall discuss the shifting ar enlity ses from the
upper conceplisal domain Lo 1the Jower conscplual Jomain
and the shilling a value st in the opposiie direclion.

Oprrntivns in the apprer concepinal domain

The [olluwing are the I:m:c operalions applicable o
¢ntity scis and relationship sely

L1y Sptis e onsity inbo severul suhsels

! For invance, the enlity s¢! EMP in Figure & can be

aplit into 1wo emlily sets: MALE EMP AND FE-
MALE_EMP in Figure 8h. The consequence of this
uperation is thal the relidionship seis avsovialed with
the entity st may alio have 1o be splil. For example,
PROLEMP &K split into PROLM_EMP and
PROL_F_EMP {«ee Figure Bb).

£2) Mrogr several ertity seis ot une eatiry aet
This is the opposile operiion of {1}, The conse-
quence in that the related relutionship sets may have
1z be meorped.

(3) Split a relutionship set into several subsets
An cxample of this eperation is; Lhe relaliomhip set

PROLEMP in Fipure Ba can be split into two rela-
lionship  sels, PROLMANAGER und PROL
WORKER, in Figure 8c. Nole thal the lype of
mapping in the new relationships may be dilforent
from rhat jo the osipind relationship. Fur indance,
the mapping in PROLMANAGER is 1:n while the
nupping in PROLEMP ix m:a. .

(4] Merge severol eplisionikip sets into ane 3¢t
This is the opposite operation of (3). Hoie thai these
relalicnship scty bave o be defined on the tame
group of entily sels.

(3 Add o mew eaticy 121
For example, a new entily set called SUFPLIER may
be added 1o the E-R dispram in Figure 82, The result
is shown in Figure 93, Notc thal it is possible to have
stand-algne eatity selds in the emerprise schema,
alihough in many cases relationships belween the
new enlily st and Lhe ¢xisling enlily sels are estab-
lshed smmediately (see the next operation),

(6) Add & new relutianship set
We may add a new relationship set for the new entity
sel such as the relationship et FROLSUPP in Figure
Sb. We may alse add 2 new relationship se1 for
exisling entity scis such oy the relationship se
PROJL MANAGER in Figure 9b.

(7) Delrte an enricy sev
For instapce, affer deleting the entity set FMP in
Figure b, we have Figure 9. The consequences are;
i) the refativnship sets related tu the entity set are
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aho deleled: fii) attributes related fo 1he deleted
entity sef and related relalionship sets are also de-
leted,
8) Deirete a rr."nlian:}up et .

An example is: delete the rcl.aimahlp ul PROLEMP
in Figure 9b, and the result i3 shown in Figure 9d.
The consequence of Lhis vperatien is thal the anri-
butes of the rclationships are deleled (ool shown in
Figure 9d). .

Oprerations In the lawer conceptaal domain

Azsume that the entities in the entity sel EMP have two
alirbuies, LEGAL_NAME and FHONE. which map the
£ntities 10 the value sers NAMYE urd PHOMNE # {1¢¢ Figure
10a). We shall use these alinbutes and valuc sets as the
hasis for the discussion of the following eperations:

(1) Add a ralue ses
For example, 3 new value st cafled DOLLARS may
be added 10 Figure 10u. The result 15 shown in Figure
0. Usually, this operutivn # followed by an ~add
. Miobale™ operastion.
£2) Delere u value ser
After deleting Lhe value w1 PHONE_# in Figure 10a,

we pet Figure I1Dc. The consequence is thar al) |
altribulcs associated with this value et will be de-

leted.
T Spdie w valie 1ef imtor 1eveeiid wabuerr
The v atie wt N \'-Il 5% |qurr I, ey be

- L UL S B N NI I

LAST_NAMES in Figure 10d. The comscquence is
thal sliributes relaled to e valur sel may have 1u be
sdjusted, Althooph the slldbuie LEGAL NAME is
rot split in Figure 10, i1 is possible 1w split il ine
two  attribuics: LEGAL_FIRST_NAMLE and LE-
GAL_LAST_NAME. i is the tespunsibility of the
enlerprise sdministrier 10 make this decision.

(4} Merpe several vaidue sets infa o velie set
This is the opposite sperion of (1),

(5 Add an altriiir
For instance. Fipure 11b is obluined by adding 1he
alirituic OTHER_MNAME 1o Figure [a.

(6} Dulrte o niteribvete
Deleling the atiribute LEGAL _NAME Mrom Figure
Bla, we have Figure llc. The value set assuciated
wilh the altribute will be deleted by another operation
Cdeleie value se1™™) if desired. [n some cuses. the
value sef may be still associated with ouher attribotes
{see Fipure 11c).

(T} Split an airribute into several atiribules
For exampic, Figure 114 is oblained by splilling Lhe
atiribute PHONE in Figure 1la into two aliributes,
OFFICE_.PHONE and HOMFE_PHONE.

{B) Mrrge severnl aridbiutes inte une atirihite
This is the opposile operation of (T). The atlributes
have to be defined on the same cntity sel 1or relation-
ship scl). .

Operations between two conceptual domaing

Assume thal ihere are two enlity scts (EMP and PROD),
one  relatonship ser (PROLEMP, four walue  gets
{NAMES_OF_PLACES, SOC_SEC_#, PHONE_#, and

mr
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PROILMNAMES), and four attribules (ADDRESS,
SOC_SEC_NOQ, PHONE, and NAME) as shown in Figure
123, We shall yae them ns the basis for Lhe discussion on
the follewing operalions: -

(1) Shift @ vplue xel from the lower concepiyal domain to
thr upper concrptual domoin
When the enlerprise environment changes, it may
become palural to view PLACE a3 an enlity scl
insiead of a value xet, Thus, in Figure 1} “AD-
DRLSS™ becomes a relatiovnship set, and "PLACE"
his an apthute "NAME™ which poinis 1o the value
scl NAMES_OF_PLACES. Since PLACE is an enlity
scl. we may oxablish pew relationships of it with
wher entily sety such as PROJ or 3dd more attnibuies
and value se1s 1o describe poopertics of “places.™

(2 ShiT aa cutity ool friom the upper conceppaal domoin
1 ihe bower comreptual Jomain
When the enlerprise environment changes again, il
may become aaulurd 10 view PROJ a5 & valoe sel
insiend of an vntity set. In Figure 13, PROJ is
delcted from 1he upper conceplic] domain, and the
refaiionship set PROJL_EMP becomes The attribule
INYOLVED PROJ. The conity sei PROJ ia Figure
Ith may have been associaled with several value
scts, bur paly the value set PROLNAMES which i
used (o idemify the entilies PRO) remainy o the
ln'm:r conaceplual domain,

1
ANALYSIS OF AN EXAMPLE

In & recent paper, Bachmon™ usey data-structure dip
gram3 i0 illustrate the changes in 2 concepiual schema. Ia
this se¢tion, we shall Grst state his example and (theo yie E-
R diagrams to interpret his example.

Description af the example nsing data-p. uciure diagrams

The following is & simplified version of Bachman's exam.
ple:

fa} In the beginning, the enterprise administrator de-
clared & concepruat schema as shown in Figure [la
The reader is assumed Lo have some knowledpe of
the data-structure diapram.! Simply spcaking, & rec-
tangular-shiped box represents a record type, and an
arrow represents a dala-structure-set fi.e,, 1:n rela-
tionship betwern record 1ypes). In Figure 13a, there
are twa types of conceplual eecards, COMPANY and
PERSON, and a data-struciure-set ““a™ repre-
senting the fact thal each person is associated with
exacily one company and thal ¢ach company has 3
set of personnel.
b) Later, the emerprise administirator cocognized thal
the persannel of the compuny were persens ja their
own right. This fac1 may be discavered at tht mergor

i T
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of several companies that some of the perions held
twe jobs and were personmel to iwo of the merged
companies. Figure 13% illusimtes the data-sirzciuee
diagram for Lhe new concepiual schema. Basically,
the old personnel 1ype record has been split inlo two
record 1ypes, PERSOMNEL and PERSOM. The
“PERSON™ has aurbutes NAME and ADDRESS
(rot shown in the figure).

After m while, the enterprise administrator decided 1o
factor the address of rosidence out of 1he person
record. Figure 13¢ jllustrales the addition of the
“PLACE" conceplual record 1ype and Lthe dals-
sruciure-sel type *'c.’" 1T was also asaomed Lhat each
person has a unique address (place).

1t i now recognized 1hal people move from place to
place and thut 11 is desimable to know current address
as well s past addresses. Anolher rejson may be: it
ia discovered that a person may have more than one
address. In either cuse, 3 new conceplonl record Cype
ADDRESS is added 10 the concepiual schema (see
Figure 134).

Aaglysis using sntity-relavienship diagramy

Io the following, we shall use E-R diagrams 1o eaplain the
abuve cuample;

IT.¢ + W diagrame g ppine 14a " vt oy 1o

! "o LT T P L T LT TR

{b)

{c)

two Lypes of entitics, PERSON und COMPANY, in
the cnierprise wiew. Since 1he mapping hetwern
COMPANY and PERSON iv 1:n. the retalivnship scl
PERSOMWMNEL js represented by o datg-strustosne-set
" in Fipuee 112, .
Figure 14h & the comrespording E-R disgrum fue
Figure 13b. Since the relationship ~c1 PERSONNEL
is an M n mapping. it is reprosent-d by a eelationship
record 1ype PERSONNEL uamd 1.0 dala-slruciures ©
sets *'a'" and b in Figure 13h. Nuate that Figures
tda and 14b bave the sume onlily ~o1x and relstion
ship se1 in the upper cunceptual domain, und the
dilference is the 1ype of mapping betw een the catily
sets,

Now Ihe enterprise administralor prefers o view
“PLACE"™ wa an cnlily 3¢t rather thun a value sel.
Thus, we have Fipure ldc. The ailnbuie ADDRESS
in Figure 14b hecomes a relalioaship s in Figure
l4c. Since the mapping betwecn PLACE and PER-
SON is 1:n, 1be relptinnship sel ADDRESS is repre-

-

scated by Ihe data-structure-set “'¢™" in Figure 1.

{#} The enlerprise administralor discovers that 1he map-

ping betweea PLACE and PERSDN is an m:n map-
ping insexl of 3 1:n mapping. The mew enlerpnise
view is represented by Figure 144, Since the mapping
is m:0, the rclitionship set ADDRESS js represented
by the record type ADDRESS and 1we data-siruc-
lure-se1s "¢ and e’ Mote thal Figuces 14c and 14d
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are aimost 1he same cxcept that the iype of mapping
beiwecn PLACE and PERSOM b dilfcreal,

1n general, the E-R dinpram b easier 1o wse 10 analyze Lthe
changes o the cnlerprise wview Lhan 1he data-struclure
dizsgram. Bachmazn also raised 1he ssue of the ambiguily in
Figure 13d: If one wanis 1o modify 3 person’s address,
does he have 1o create a new “‘oddress’” record or lo
charge the name of the place where the person is”living?
This quention can be exnily answered using the E-R ap-
prouch. Consider Fipure 14d, Since 1he PLACE is an entity
sel. 1o change a petvom's address is to change the relation-
ship hetween Lhe person and “his place.”” We should not
chnn,;:: the nume of the place where the person is living
since *“NAME" and "NAMES_OF _PLACES™ are used ta
describe 2 property of the PLACE entllies (see Figure
J4d).

SUMMARY

The enterprise schema it useful 25 an Intermediate step in
dalabase design, |n this paper, we have shown how 1o use
the enlity-relstionship model apd diagrammatic 1echnique
to describe the enlerprise schema. Since Whe enlarprise
environment changex from time (0 lime, the enierprise
sthema will have to change (o reflect these changes. Five
* basic types of operations (add, dedets, split, merge. and

shift) which are uscful In modifying Ihe enlcrprise schema
have been presented, and the consequenees of these opery-
fions have been discusscd. Finally, we have used an
cxample 10 analyze ihe dilTercnces borween the entily-
relationahip approach and the noiwork approach in modd-
ing the enterprise view of data.
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{Receioed |3 Jonwary 197%; in revised form b fane 197%)

Absirmt—The study of data yysieiy ay indormation 1yitomy por inte focys the bt of data o seprermalion of
information m (e somut of Lacw idpe about vome stice of e world. Thia information sruem-vies—or infokrpical
view —made it ¢hear Thal the da%a sbane cannol “carry™ information They can onldy, al bedt, pive Hse 1o informatu
i the minds of people and only 12 thows poople who hold 3 suiable fiamt-ofrelercuce o wodd e, o
“recoivieg strwclure™, v the mind. Tha the iefologwal perupective hod Lo bt wideacd succeyiively Trom &
contern merdy with infermulivn represenfalion, oktueng, snd eaplanalion 1o the shudy of w:ul oo~
paycholapcal and soch-binpuistic sl sepects aod of “obpect syilem™. job deign sad slher l-u-rin-lr:hl[ﬁral LA™Y

The brm “wurr view™ @5 copdoved wodely in recent dais bawr work The wie of Lhe Letm “tner view™ suppesls
wwch an “infological” perspectivr, However, a choser look 21 how the term jn acoually used indicales 1 much more
debmped interpeetaion which focuses on mprowniationa apecin wad peocesiing. Thi i aha made riplice,
Lo depres, by et wiiend formedaiion “wwt vacw of the dala™ @iher Ihan. [oF wnliace, “ur view of the morld™,

1n thit paper & briel siody o made gl 1he w0 Bypects of vier views, .

§i) the infoltogirelroncepiual a1pect, which i concerned with how conceplion relates 1o dats wnd mformation,
od co peakiey  amd

i) L “datologica™ Ripect, which iy concemed with ‘Ihe selection of dala fom & dats base and the
rearrungement of thent to sl & "user view™ of (e data (31 ween from che 3pplcalion proprammer)

The afologxsl spect ummwm s discwstion of vowe of my own rarker rewstts which are here
brought logether, The danlogical aspect i exemplified by some quolations from the mow recenl dala base
iterature, a1 wefl ny h-_r some eatlier results of my awn

The trrm "wiir view™ 15 frequenlly waed w e dalalignead sease whereas e infolopcal or iadoenalion-tyylem-
thenrrrical sludies alten have addresicd guestions that have 10 da with the infologicallconcepiual 2spechs of “uney
viewy”, without emplaying that lerm. Jn this paper 1ome arpects of the problem of wiologicaticonteplual umer
riewy m‘ Uzated with o view W paid Dnderitanding of bow both aspects of yuer views aflect Lhe desig snd Dse of
infor mation syulems wnd dats base. {Musirations are Laken from the stibor's own earlier wark, for three reasom:
(i) they were moul easily wvalable, 1) they wre direct!y aspocisted with Ihe problom i hand, and 1t} ihey hane
eurfier beew wealicred over seviral works and i wan waelud, Tor the purposz of the peeent divvinion, 1o bring them

L4 R ) ) L1 T

teptiber.

INFORMATION SYSTEMS THEDRY (1S THEORY) ¥§
TRADITIONAL DATA FROCISING CONCEFTL

ln traditional dara processing an informaticn item it
vsually assumed o be & number which is to appear af 3
certain part of an applcation profram. However, when
taking on lo study the problem of how to design daia
procetymg from ancther perspective, a5 1 function
within an information system 18 {Langefors|1<3]) it was
found that it s necessary to look choser inte how data
¢an provide information 10 people and to organizations.
It becomes immediately obvicus thal if dala are whay ace
processed by compulers {or ather means) then the in-
formation which pecple et from the data is something
distinct from the dala, If data may aid people in making
decisions of performing actions, this must mean that 1he
data inform people in the sease of making something
known 1o them. It B3 chear them that the data muu
represen! somclhing that can also be cupressed by
naluryl linguage. Clearly then, in thiy semu. writies
wotences of nalural baaguape (u3 well a3 spoken or
tecorded sentences of any Lind) are also data, thal is.
they are sets of signs representing knowledpe or ine
 Tormation.
N is interesting [0 nolz the penspective advanced
shove b similar 10 wdeas Iicated by philesophers al leuss

as Tar back 31 Anstoile, and also, more recenlly, by, e B
Russel, Wingenitein, Carnap and Bar-Hillel. 1t ook
sowne lime, however, before Lhewe Wdeas sere recopnized -
2t uselul ro the wnderstanding of dats processing vyy-
lems. Also, recent developmenl in cognitive pshychology
and psycholinguistics is providing new insighls mto this
area (Bar-Hield], Camap|$) Pingetié]l Wingen-
siein [7]. Bower and Andersonff], Lyoasi¢]).

The perspective of information sysems theory and
infology studies has been thal to design the right data
and data sysiems one hat (o bepin wilh Lhe questiont
aboul the infarmation or knowledge thal (he daia are 10
represent. This means that the informalior content of Lhe
data in the sysiem hay 1o be defined it Jescribed in 3
way that is independent of how Lthe dali are handled in
the system. The information is dewcribed n rerm of the
views of the world that The infoemation ysers hold.
Information modelling, thirs, is workl sodelling O
consequence of the data independent daln description is
Lhat the duta vyslem (fikes, dila bare, programs) may be
restrucivred withowt the weed for changes of the in-
lermalion sperificalion

Recend duta base work and oructured: programming
work has stressed the importance of describing the dala

n 1
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independent!y from the reprcsenistional deladls. For in
stance in Codd] 101, it [s siated:
“The relational view lor madel} of daty;.... provides a
meant of deseribing dals with #s nature! slruciure

anly—ihat s, withoit superimposing &ny additions)

structure {of eaching represchlation purposes”™,

While 1his pitce of lexl dors nol wpesk of Lhe in-
formulion eonveyed by the daty, the relerence 1o “ils
hature structuse™ guppests m somewhal information-
oricnied penpetiive. However, the viaring poinl here b
ke dalz and My handling by syctems whereas The in-
fologizal pervpeclive iy thal of people and their world.
[releed, the informalion specifed may mol necessarily
come [0 be handled by computers at all. 11 #22ms that the
focus on duta—rather than o informution—har same
cosstquences. Thut some of the basic concepls of the
relationsl data base theary, such s normalization snd
Jain pperatont, are in fact baved on arpements Lthal are
toncerned wilh how the data are viewed 33 being slored
and processed by the sysiem, in apdte of the expressed
inlenlion 1o consider the “nxivral unaCture onby™.
Likewise, recent dals base wark on “user viewy" 1um
ot {0 be mainly concerned with views oa haw Lhe dala
are wrranged for processing. ns we shall see. As to 1he
perspeciives of struclured pragramming we may quale
[rom Jacksan|23L

“The problem environmem is the real world, .. The

cutomey Ble is o model, intelligible to (e compuler, of

lke sel of cuslomers;,..."

This 1#xt al30 suggests an informational (or infclagical
pesipective but, on the other hand, the phrase “lo-
telligitle 1o the computer™ indicates 1hat the Thoughts
quickly toych upan the procedsing of the data represenl-
ing The information Ay we shall see—also in Lhis work—
the view of The datz wnd their strugture is vimilar to 1he
“uier view of the data™ as discussed in the dala base
works.

The inlenlion behind this paper is 1o propose the
widening of lhe ¢conceplions of ~user views of data™ and
Lhe “natural siructure of che data™ that may be obisined
by merging Iheie comceptions with infological cancep-
liens of informaison structure and the pre-knowledge of
the various inlendad users.

We shafl see thal “user views™ are not merely of
importance (o the way data are to be organized in the
More. They are crucial 1o ihe posibility for the usery la
interpreie the data Thus, pod only must the datz be
arranged and ordered 1o allow efficient procensing of the
dury, seconding o wome view, The dais themselven will
reed o be chanpged in order 1o represent the same
informatipn 0 users with & different view, Moreover,
same people may have wch & view that they are quite

vnible 0 hold any informatioa whatever daty ane miph -

iry 10 use, This, of course. is ¢ritical; i it a Lhreat to the
very assumption of large [S of larpe, shared duts haaes.

SOME BASIE INFOLNGICAL CONCOPTS AND TERAS
The baiic concepts or models of information syslecns
theory and infolugy are intimately musotiated with
semuanti ol gueslarns and user views. Thus, belore Jn-

rﬁning soime aspecic of informalion user views we re.
view some 0f 1hew oy contepls.

Particular context of o single dota ferm

L'y surn back [a the question of how an elementary
daty #em, such a5 3 number, can represent infermation.
11 is cheur Ihat the traditional view, Ihat 1he treatment of
the dats Hem by a ceriain program deleimines the in—
Farmalion, cannol provide 1he full answer—l certain dala
tfar instance s cerlain printed senteace) a1 10 reprem sl
some hnowledpe of the world, Lthix musl be . achieved
through reference o phenomena in 1he workd and not
merely throuph Hs relation to any tpecific compuler
propram. Thus, given s data ilem or term, [or insLance
Lhe number 17, how can i wfoem about the world?

Twa wnds of informationa) questions arise in con.
reclian with any indis idual dats ferm:

(A} YWhat olher data lerms are mecded in order 3o
combine wilh the padicular leem so Lhat together hey
may provide informatica?

1B) How may one retrieve any specifie ferm n sloved
in & data syslem? (Retrieval may be requested by various
applicalion programs of by variour Wsers al compuler
lerminals.) (Langefors [1-3%

'n order 1o discuss e [wo guestins presented abave
we will introfuce some lerminology. We shall say that 3
proup af data which iy necessary and sufficient for the
retrieval af & apecific term ™1 i & “rerriccgd deter-
minans™ (o key) for “t™ und 0 group of duls which i
necessary and sufficient in order 1o supplement 2"
provide information is an “information defrmingni™or
{-determinant lor "1, )

I is seen 1hat some kind of dependency must exbd
between a data 1erm and i3 retrieval delerminant and,
likewise, & dependency must exisl between Lhe term and
i1 f-deter minknt,

Funhermare, we may conclude thal the wourcer of
the1e dependencicy beiween [he dulh are dependentics
belween the phenomena that the daia refer 1o, Theswe
dependencics give tie (0 corretponding cuihemalical
dependencicy among Lhe data (a8 such dependencier are
sludied in receni data bave workl

Let w3 consider s specific daea beem, sich ps the
eumber 17 or, more precisely, the prinied siga <17
Whar does il 1ell us® It is natural Jo say Lhat, a3 danding
hone, it dots nod convey any information Da 1he other
hand it does have meaning in Ihe aense of referring 1o a
concept, the concept of & number. Thug, i weem 10
requice sumething more 1han menning (s o ome 1cmee)
from a piece of information. Now, ket us assinne that we
are totd thal the Leres “17" is & quantity oo hand & &
store, This altaches some mare specific meaning to the "
term. Accordingly if the dala term “ET is dupplemented
with the data term “CQuantity-ea-Hand, 1T wme more
precise specification of meaning it canveyed. Bus still we -
do ngl oblain informaton [nvesd. if we are presenied
wilh (he sentgnce "The quanlily in slare of anicles of |
Iype A is 37 pieces” we Teel having been informed. We
mighl Jraw some conclosivas from swch & sialemeat,
provided we perceive what ot wall kb like in the viock
tomnn ¢ how we miphl priweed o v would v lo

— ———
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verify the scntence. Thus il adds to owr riew af the
sorid 11 seems then thyl a tex] sfring, thus 3 proup of
dala terms. ia order to convey information ROt only musi
have meaning. il musl kave 2 tnuth value alse=—il musl
atatr 3 fac1 and woukd be regarded aa False if contradic-
wd by real {acts. More penendly, it should present
knowlesdpe of 3 system stae,

It sppears how that the question whether some data
convey. infermation iy cither reluted o formal lopic or

" ks about 3 view of the world. Furthermoare, im kopic

there | somelimes made 3 disiiaction belween 3
declargiir® senfencé twhich 11 inlended to state 3 fact)
and Lhe praposition which & foemilaed or reprevenied
by the senlence. The proposition is “the cognitive con-
tenl” of 1he senience and “ihe thoughd of 3 Taci™ which
may or may not prevadl. Tt iy cleas, porw, that Lhe pro-
pasition [in Lhe Jogical sense of abavel is the Information
1o be ponerped By the sentence aod the wenicnce is &
goup of data wed L sepresend that nformalion (Lhe
peoposion). However, eves if a proposition is 3
paradigm case of an information unit, as we found, it
may not be the ondy kind. Conceiveably, dain mipht be
wsad to represent infocmation that is nol of the ¢lear-cut
kogical Yind of & proposition. A view of the sorkd may be
samething fse than a proposition. This we do nul pursue
here, we anly want 1o make the dectaralion that uri
furiber study has been done on this issee, we will e the
concepl of logical propositions merely ny Uhe simplest
case of Informalion unks—but not pecesianily the only
possible type {Langefors|l, 3]}, For this reason the lerm
“message” (more recenlly i-megsage) for 3 piece of
informarion o knowledge was chosen The 12rm ~pro-
posilina™ wa3 szen ns & special case of an “i-message™.

. Lhe question &f what i3 n piece of informalion
would have been 8 lot eatier if one mmplified oneself 1o
just m “proposition™. Then. simply, it would have been
possible o refer to Leatbooks in Japie, But imporfant
practical 15 design questions fall outside sich a narrow
framewoek 10 we have 1o be more gencral. for practical
measons. Perbaps ot would be betier 10 use e lerm
“proposilion™ instead of “meswage” but then with &
somewhat generalized mesning. Beiter still, perhaps. we
eoudd wse “i-peopotition™ ko indicate this peneralization.

Eleneniary information wnifs-¢-meisegen
A message, like a peopasition, may be & composition
of other messages. And 3 view may be & composition of
views A messape (or & proposilion) which cannet be
decomposed into scveral mevsages is referced 16 2 an
. themenlary mevsage (e-megsape) (or as cementary pro-
pasition—or  “e-proposilien”—sespectively).  Cor
reapondingly a dala group (such 33 3 senlence) may

. - reprewnt & compound messape ig which case o may be

" decomposed into elementary sentences teventences) o
rrevondi™ An erteord o an esentence B dala
feprewenting an o-message (aceording 1o wome syn-
1aa/semantics). Cbviously on ¢-message is “irreducible”
ia the sense described above. v

We are now in 2 posilion where we could wy 1hat 1o
find the i-delerminant, that is. 1o determipe the addilional
daly lerms necded wn the supplement of any gives lerm

lauch a5 *JT™ in order 1o sepresend a pigce of in
formation, we have o mdentifly {af deand] an elemwnlary
wnlence of paiurs] Linguage, containing 1he piven lerm
§*17"). However, this would reguire us 20 have the
compuer handling. and interpreting. satural bangusge
texis. This was ¢hearly impraclical in k966 and 4 shil ds.
For ‘nstance, natural bnguape s highly ambnpuous.
Contequently, to thuly duta one aceds o have ~ome
formal dala modely and information models for e-mess
sazes and e-records iLanpefors M) Becaine of Ihe chwe
relativnship between £-messages and tlementany pro-
positions as well a8 between e-records -l elementary
sentencet, ane could 1urn 1o Tormal bopk for help. This
would need some caion. Ihough, because 11 was found
necossary nol fo be rednicied. already by definitive, 19
ogical e-mesrapes (proposdiiiant) ondy, Alw, be¢ause ol i
nécenary Lp handle informalion about information we
cannol aecept 16 be locked n within ihe boumds of fesl
order formal predicate cakculus and because the hme
dimention is also significant 10 an IS this s anolher
reason or viing 3 wider frame than tradiional. formal
logic. In spite of this, we may oflen find that formal lopic
can ueelully be empleyed in many special cases.

Elrmentary senieaces or e-records

Before proceeding kU ook of some zlternative e
lepces Tormulating the same e-mesvape as the sentence
proposed on p. 18, 2nd column. This should male i clear
that some formal modelling 15 needed.

{1y “There remain 17 picces of article Lype A [or dis-
posal”

(23 “Of snicle A there are 17 picces an hand™

(3] “We are pow left with [T preees”™

We notice that the semence (31 cleaily presuppoiets some
particuiar conlexl fin addition 19 the “gensral contexi”
or “frame-of reference” thal is always necesranyl

From formal dopc one muy be ked 10 the [ormal
senlence, oo formula,

{4 “Cuy-on-Hand (A, 11"

In (4) Qtyon-Hand is aswumed 1o be the predicate
“quantily-on-hand of 1 specified anicie type”. Swxch
formulations as (4) do nor appear convenient enough for
the peneral information system vser. In addition the use
of Iree variabies and Guantifiers of prede stz ogic appeat
unnecessrily complex for many dats ouign «tuationy
{though they are somelimes hard 10 .oid). Also, at
stressed above, B was nol lelt 1o be oceptable to be
lotally consirained 12 the use of predicare bogic. Hence
formal kg was raiher seen just an a sowce of supe
pestions for a peneral information model. It did nol
appear 1o be feasible without 1ome modificuton and
amendment Langefors[3]. 1t is worth noticing, Tuither-
more, thal the use of the common Torm of predicote logic
salement, 3s in (4), ealls for a particular syniugseman-
In s descripfion for each indvoadusl piedi. e
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The structure of e-messages
Haved on arpumenis like those sbove it wat cunch.ldcd
{Langefors [1. 3]) that an e-mersape, bowever otherwise

Termulated musl make known, one way or 1he ather: - -

fa] What object or entity it it ntended to inform aboud
fthe “Subjecl” of Lhe e-message)

{b) What # makes known sbout 1hat enlily, the
characierisicum part for property padl) of the e-message

fc] A& vme during which the Subject halts the charag-
lerinstic

fd) Because the abave siates the mmimum content af a
message i1 38 Imporiant alL0 to agsigh & name (identifier)
6 cach c-messape (30 Lhal othey messages may be peo-
vided which sdd information ahou this messapel.

1 is impattant to recognize that haw the sypects (3), (b), *

{c1, (d) mre made known iy lefl 1atally open This any
e-messape may be sirucitred in mahy wayy as long as
the Ihree basic references (Subject Reference, Charac-
teridicwm  Refeeemer, and  Time Referemer)  are
evfablished. A group of data thal may be used 19 make
known dhe e-message s a8 r-record of Ao e-senience
Dbviously many differen! e-seniences may be osed 1o
reptesent an emessage. Remark: The individual dats
ferms or Hems, thal make up zn ¢recard may be par iz
distincl places in the "physica? dary structuse ™. When we
want to remind on this fac1 the lerm “e-eniry™ may be
used, rather than “e-record” {borrowing “solry™ fonm
CODASYL)

Il one Ioaks st one of the example senlences above:
“Quantily-oo-hand of aricle type A is 17 pieces™ U may
be canchaded thal the object it informs abowt is "article
Ipe A" end Lhe properly or chargcteristic thal it slatey
about thai cbject i “quanlity-on-hand = 17 pieces™.
Furthermore, the time stated (implicitly) is “sow™. Thus
we may specily, more formally:

I e-enessage identifier- em 1
Subject: Article-Type, A;
Characteristic: Quantily-og-Hand, 17 pleces;
Time: Present;

Thiy structure may be preveated in many other
wayy provided, of course, that the form wsed it
made known (hrough some sert of format wlate-
ment. Some such forms may be 31 shown below,
Nos (1-4),

i) Format: Tdearifier: Subject Reference; Charse-
teristicum Reference: Time Reference;;
em 1:
Article-Type, A: Quantily-on-Hand, 17. Time,
Prescnt:;

o

{3} Format: Identifice: Characterislicum-Type (Subject
Reference, Time Reference, Vatuek
cea it
Qu.intily -on-Hand
Presenl; |7 picces),

Article-Type, A;  Time,

{4) Formal: 1dentier: Charaglericicum-Type (Objeel
o, Time-Typel
Ok -a; (Time-Vatued: (Quantity));

Ouantity-oo- Hamd (Articie-Type, T'unc Value) (A,
Fresent, 17 plﬂ:ﬂ]“ -

- v em L

It may be ootnd lh:: cach of thc.nuugc-r&i:rc;n-
iations (o wmences) presented abowe are in 3 seme
both complete and minimal). They are i:inimal {or Wre-
ducible) in the sense thay iF asy of the lcrm is deleled
(hence ipnoniag the yasociated referenct or knowledge)
then thal which semainy do¢r ool provide informalion
The reader should vertly 1his [or himsell. In ow parti-
cular illuttralive cuse this means 1hat no hgicad pro-
position is represented when any sinple term is deleted.
The mesages are complete, ¢ach of hem, in the wems
that they make hnown something that may be true of
false und that s 35 a proposition. For instance of Ihe
fact 35 that ag present there a7 18 pieces in invermory. of)
artichk 1ype A, Lhen Ihe proposition is false. We may Ihuy
wy thal sny of 1he message representalions abave 1, 2,
Y o &) defines 8 complcle minimum wpplement ta Lhe
single lerm 1T and, thus, makes known the information
which 17 takes pant in In other words, wny of Lhe
e-mestape representibions sbove dellaes an -delorminant
of Lthe term “1T".

It folligws from the discusyion thal any of the above
gDeiage ropiesentations (88 paanted) can be regarded
1 an p-record for the e-mestage em 1. Any other group of
data which can be formally mapped into sny ¢-meswage
representation for em L may be used a5 an ¢eotry for
répresenialion of em | in ¢ data systedm [provided the
mzpping procedure is defined)

The e-message represenialion No. (€L above, has &
form which has scparaled the vartable derms as the
“value fuple” tor “ruple” for shont). (A, Proscat, 17
pieceil [t ks scen that kny c-otisage (3od &-econd)
containg & relation initance &5 & propes pasL Thus any
e-measage type defines & (data base) relation tunu viha
domains have been chosen). -
Miustration of same basie concepls

Infolopical studics calt for o barpe number of concepty,
e & resull of analyzing the concepts nf informatica into
Lhe sspecia represenlations, canception, and reality und
inla the type and inttance bevels as well uy into disting
kevels of aggregation and definition. AN the resulling
concepls have been found necessary. They are Lrealed
explicitly, Umest one by one, in 1he vislemalic b
formation analysis. They <all {or & corresponding, lauge -
number af terms OF course, this requires sorme mestal
¢fort from the analys before be can make wse of the
concepls, ar 1he reader will have naticed. Thiy is 0 -
refecion of e complenity of the problem of iafo-
madelling. To keep down the number of entirely disting
terms & yystemalie sel of prefixes has been infraduced. It
may be usefu] 1o Wosirate the employment of the 1e1ms
by means of an example, as 3n ald 1o the wer's compre-
kensisa ol the infulugical frame of relérence empluyed
here.
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The aatural-language senlemcy
MI, “The cuslomer C ordered 5 pieces of adicke &
juday™ may be inlerpreted as representing a real-life
evend o fact I that is so the sentence M cuy be <al
10 convey u piece of informalion which is the bnowledge
of this [acd, The fact, in this case, is an’event in 1he reat
world, The piece of information B referred @ 23 2
wmeasage. (In this specific e B s & proposition m Lhe
sense of lopical tenis.t A structure of data that may be
. owsed 10 repretemt 8 mesupt iy 3 Pecovd The natural
= lunpuape weotence M1 is thus a record, by defimition. The
terms cecord snd sentence may, in fact, be used inler-
chanpeably, a1 3 comsequence of the definition. The
senlence M1 may now be reparded as “referming to™ the
evenl in realiny as well as to 1he informatior. In other
words, M1 refery 1o the Tacl (realizy) and 1o the message
tinformation}—{as well 35 to the senlence). Any mestzgpe
pay be represented by several distingt sentences of
recards.
Thie inle nded usess of the record M1 may conceive of the
fect informed aboul as a composition of lwe facts which
may be referred 1g by the fwo seatetdes:

M2, The customer C ordered articke A today.
M3. The gquantity ordered in the cvenl Ml was 3
peCes.

Thea the fact is 3 tombined fact or 3 consolidaied fact.
The ¢cresponding message and sentence is then also
regarded as a compound meszage and 3 conyofidated
record, respectively. 11 Lhe vaery do oot regard the facts
represenled by the senlences M2 and M3 a3 compound
facts, these facts are regarded as elementary, Then Lhe
metsapes and the eecords {or seotemces) are o ele-
mentary. Because we often need thewe dislingd terms.
some abbrevialiony were inttoduced. Yhus the prefix
“e-" is used 10 indicate “elemenzary” end “c-" 1y usad o
indicale “compaound™ or “consolidaled”. Thus ML iy a
£-renlence (or C-récord] used to represenl i o mdstafe
which iy the knowledge of a c-foct. The sentence M2
snd MY ye e-aenlmers {or erecondt} represcaling €
mesrages abou! e-facts. The e-message reprevented by

-~ " the e-senlence M2 may be regarded as information about

“tusigmer C", but from ancther perspeciive it may
tnslead be regarded as information aboul "article A™ or,
indeed, abour “today” ar about 1he proup (Customer C,
Articke A, today). The analysiy of the c-senlence M) into
the e-seniences M2 and M3 made it clear thal the part 3
picces” aof the wntence M] mforms about e everd
represemied by the rest of 1he senlence for represented
by M2 whertas the part "ordered ariicke A today™
ifoemt abowt the cuvomer C. (Thi analywis i, of
coune, essentially a kind of parsing of the naoral-
language sentcnce 1)

The™e-senlence MI refers to “cusiomer €™ as its
subject (= entity informed abour). The par “customer C,
today™ i-dcicrmines (he part “ordered articke A™, that is,
if mikes kmown whal information Lhe characlerists
“oedered articke A" belongy to (or participales in).
Similarly, the #-senlence M1 has “event MI™ ax il
subject-phus-time referencr and 23 the Heterminent of

the characterislic "t qasthy otdered....wa
[ ’

When we wanl i0 refer beaadly 1o beth e-records and
c-records we e the prefiz %", Thus e-sentenvcer. or
e-records, and cecprds are examples of i-records for
senlences)h, [n coasection with the Letm “wenlence™ it is
ool necessry o emphoy the peefia =7 Analugously MI.
M?, and M3 reprenced 2 coflection of i-messapes lor
i-propesitions). ML M2 and M3 represent a colleclion of
imessages (or i-peopaaiionslt M1, M2 M) were formed
according lo {u subset of) the nedes of fumunion of
natural lanpuage. Oiher rules of formation were uied in

M1a: iCustomer. C; Date, I, Order, Artcle, Al Quan-
lity-grdered, § pos s )

M5 {Cuviomer. C: Dute, Df Order, Anicle, A::

MJa: {Evem, M2aj Chunlily-Crdeted, § poy:t

The {ormation vule heve i wuch & La explicithy reflect the
reference siruclure of I1he imessapes: the subjepl
reference, followed by 1he tane reletence and ithen) Lhe
peeperty for relstiomhipt eeference, Ln addition, the im-
porlant change wis introduced 1hat Lhe lime reference
was made abyalute. This. of course. s necessary when
the records are to be ored. The brackels afe weed L3
enclowe the pan which provides both subject and vime
relecemce. For exumple, M2 and M22 insizriaze two
erscord 1ypes and may aluo be een as replescntalions
of 1wd e-meskdpe 1ype inances, both of which are 1he
same piece of information. The r-Message represenicd
by M2 or W22 5 1n nsiance of an “elementary in-
formation-kind™ or e-<concepl lin this Case an clementan
predicalel. Thiv e<oncep! may be described by (he -
concept wobema” (Cuslomer, Date, Order = Aniicles, e
may represent the e-message by el another g-record
formai which reflects the e-concepl:

MM (ICustomer, Date} Order = Articled 1T, B, Ay
1

in 1hiy e-record formal 1he e-concepd schema appears th
tront of 1he “valuz 1uple™ and all ¢-messapes “belonging
0™ the ¢-concept may be represenied by a el of wuch
luples, each tuple being covpled [0 Ihe ecancept
sehemn, [Here the linkage belween £-cancepts and rela-
tions is seen.) 1a this connection it will e acuced that
the idelerminalion of “ordered anicle A by “cuslomer
C, 1oday™, menlioned abave, gives rie Lo a tmultivalyed)
dependepcy (C.D~ = A, where &0, A ire domains
sch that Cel. DED, AEA. The e<oncept M2
seen to give rise 10 8 ANF relation on iy v ulue damains.
Thic is Iypical of econceply If we inlJuce the od-
ditional ¢ records

Mda: {Couamer, C;, Date, D, Order. Anticle, A) De)- -
ivery-Address, Ad;:
M3a: [Customer, C; Due, D). Amount-Due, Amt;;

we find that Mla and Ml have Wenlical subject parts
and w0 have M)a and M3a, We may thus consider, Juring
the daia destgs, consalidating Mis with Mda and M1
with MSa: |
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Mi-4a: [Cusiomer. C; Caie,
Ouurt-Oxd, 5; Deliv, Addr, Ad;;

M2-53: [Curtomer, T Duate,
Amouni-Due, Amiz
or )

M1-8; {[Customer, Cate, Order = Articke} Crzant-Ord,
Deliv-Addr) (. D, A, 5. Ad)

M2-5b: (JCustomer, Duie] Order = Article, Amound-
DuepdC, D A, Amth

D: Order. Afticle, A}

Dy Onder, Artiche, A;

These crecards give rise 10 “t-concepls™ [or gon-
volidated i-conceprs) a3 described by Ihe lefl paran-
thesen, By definition a colieclion of e-records for ¢
records] v wn e-file (c-Aled, provided that the e-records or
c-records are of the tame 1ype und, hence, atwociale with
the same e-tancepl of oconcepd, respectively.

The ¢-record MI-4b i« a representation of 2 c-meitage
invtunce of the c-concept ,

i{Customer, Date, Ovder = Article} Quunt-Ord, Deliv-
Addr)

obrained from the :-;:on::pu

tiCustomer, Date, Order = Ankcle] Quant-Ord)
and )

({Customer, Date, Order = Article} Deliv-Adds)
through consolidation on the common wwebjecl part

{[Cusiomer, Date, Order = Arti:l-:}_

This consolidation gives rise to & join om (C, D, A) of the
two relalioas {C, D, A, %) and (C, D, A, Ad) Simdarly a
c-toncepl '

({Customer. Dutel, Order-Article, Amounl-Duae)

ts obizined thraugh consolidation of the (wo eConcepts
having [Customer, Dule] ¢ 1heir subject parts The coo-
salidated (o0 joined tuples) (C. DL A5 A and
(C. 0. A. Ami| belorg 10 1wo retations that are still 4NF,
This is partly due to the fact that the consolidated
sconcepls all have identical whjects. Insiead, if one
would, ep consolidale all the e<oncepls mentioned
above the resulting relation would nal even be INF,

Dy FORMA TN, CONTELT AND EFM ARTIC BAChCROUND

Pieces of information, i-meswges, we Lnowledpe of
purticulyr  facts. They must be comtrkied (rom
referetcet 1 mpects of thowe panticular [acls, an we
have seen Hut this could oaly be realized i the teceiver
of the informution has alrealy some bachpround kegw-
kedpe. Some aspecis of 1his backpround hoowledpe are
presenled below. Pamiculor informatson and geneval,
pec-evisting backgraund bnawledpe appear ay the twa
buskc componenty ciucd o afl informelion use, come
M fn Sleen afd date pros evang.

Thr need for & pemeral condes) oF semantic bavkgronnd .

We slated that sny of 1he e-mescape represcatalinom
ubove could be regarded as complele in 2 veove. Now we
wanl [0 make this seme morewpecific. Lei's da this for
the e-message Termal No. 13). To receive Lhe g-orssage

“Agf fo estublith il @ our mind) as représental by the

formal Mo L)} (Qromidy-os-Hand 1AMIck-Type, A:
Time, Present; [7 piecesl) we need 10 have the pre-
knawledge of what “Qwnlity-on-HarJ" means 25 well
a% what iy, meand by “Astichke-Type™. by A" by "Time™,
by “Present™ and by “17 pacces”™, ba wdlition we mus also
know the meaning of “Format”, "ldeniifier”, "Charue-
feristicum-Type™, “Subject Ref,”, “Tume Ref” and
“Value™ {Langelons[3, 111

It may now be scen thal “completeness”™ of ana g-
meisage representation i taken 10 held in 1he sense thal
those particefar refleremtes are made known that could
nel be known beforchand. For instance, the particular
\nowltdge that this e-message informs aboul Chuamtity-
on-Hand™ couhl a0t be keown ia mlvance. Coatrary 1o
this, the general hachground knewledpe of what guan-
lily-an-hand means can and must be known in advance.
1t i “pre-knowledge™ needed for Ihe communication and
the wage of the e-mersage. It in the “user view™ foe
which the dats de~ign han 1o be made.

The resuly of our discinuon so far ¢an be winmarized
by the slatemen thal the information 1hat may be con-
veyed by a w01 of daa, B, depends on the person
receiving Ihe data is that the semantic buckground or
“receiving Hroctare” § of the perion is crucial W0 inter-
preling Lthe data. in addition, the Lme available Tor the
inlerpretalion is also ipnificant. AL this can be eapres.
sed by 1 concise “conceplual formuby™ ¢Langelers{3]I:

I =D, 5.1

D = daia representing the intended info

% = the “receiving snicture” (pre-knowledgel of the
user

1= the time available ta the user for interpreting the
daia D

I = 1he information conveyed by the data D

i= the information funclion

Another important indpht gained from the discussica ia:

13 Dula arr mod infarsulion and
1b Data do mal contaia informalioa
Il But dala mray andy, at besl, conrer information lo
such people the ronceptiona fram work of whbom
are both consident with the dal: seprescatation.
chosen and with Ihe madel of the purt of reality
being invoived '
Id If 1he azousl of Juta b larpe compareyd o available
lime, £ na information may come 1o be conyeyed.
A consequence Jor the information analysis is Lh
addilion la identifying the infarmulion aeeded and
defining a dula represenlatwg of i, (D), one will 2fa
have to ohtsin ~ome knowledpe of the “usen™ in
fokegical model 5. Adiernatively, one wall have 18 serify
that the dewpned dals U cwanply with the wurld vecw
and Uge Jampr o0 af i ntended wer
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It may be cancluded thal once the distinceion in-
tormalionfdala is recopnized it is immediztely found thal
per peedy for infarmeiien and user workl views bith ane
to become involved when data are 10 be designed. Bul
this Upes nol necessazily imply that the user view {51 will
have t¢ be ropresented is Lhe Juta system, nar dows il
brpee 10 be Tormally defined 11 is only necessary Thal the
data are adapeed 1o the views of the users and that & i
properly verifiesd 1hat the users understand the Jduta, [
he wners understand 1he data iwhich cax be 1ested), then
hit means that their world view has been "ipvolved™
comrectly in the daia desipn, On the other hand, it may be
of Dnterest (o represent parl of § in their minds. lo this
way the peed [or isformationdlala dictionarics and in-
formation managemenl deame wuppuarent 100

We shall see later thal the term “user view of Jzla™ s
wsed in recenl dala Base wotks in b way that b only

“wemolely timar 10 1he concept of “view of the world™ or
~sexuanlic background™ (8) oy discussed in the older
infermation systems theory and presemied above, We
shafl iry 10 dentify the diawback that s assccialed with
this

The infolegical backpround, or wsir view, g1 & sysiem
moddd ’ .

It has been seen that the wiprmation ceaveyed by
sam¢ data depends on the semantic o infological
framewark of the user. It has been siressed thas sck an
infological backpround must be a sysiem model of (part
of} the system in which the fact 10 be informed about
appears {Langefors{Ill. Such an infolopical system
model ey be in Lhe mind of the user bt il may partly
be represenicd by data available o the user on docy-

"mEnly or on & compuler terminal This may make it
cusential (o supplement Lhe e-rccord  {e-messape
representalion), which is presenied by the system, with
the identifier 5 of the relevan? stored system model. An
etampl may explain this [Langefors[iI] 1ee alw
Langefors and Ssmuelson[12], Fig. 1. For instance, it
may nol be enough for the receiver of the mewsape w
bave a dictionary which 1ells whal "Boles 5 means. He
may pesd & model of Lhe sysiem 10 wee what offect the
observed temperalure may have snd, thus, what decision
is called for. On the other hard, any system model raa
alwayy be constiluted by o se1 of c-message represen-
Latwns

it 35 exdy 10 see thal “undersianding™ some data (one
e-record [or inslunce) may meéun dillerenl things. In the
ganimum ¢z & will imply merely the imagining of the
e-fact 53 the observer perceived iL This would sean hat
the wser of the duta would conczive of Ibe part of the
workd iha: was pezceived by Ihe abaerver w bo eriginated

.1he MELsILE. This scems ta be the culy “understunding™
which is generally raqunlcnl Irom esrecords stored in am

] 15 or dula base. [0 will require a smafl piece {31, say) of
the emamic background S ooly. Io more Zemanding

ey T undcrsl.n m!m; may_men, in adifition, a capabil-_ _ lows that ji Is m;lumgmhmﬂda:mu_

. ¥To am*aclos oricaled™ socisl wricndist, il rrieg te reasom or
Tindivey™ tobod pdwevpd b vior mrh the i, Faher Jhoy
-.,ptrd'm:ml eNeoia

ity of predictiag some eifcct of the observed e-foctt
However, dislinct wsers may be inleresied in distinct
effects, This Dnplics that they all need 10 posags Lhe
“wiew™ §1 while 1hey may Ihen hald distinct additional
viewy, 5} or 53 for imtance. It would seem appropriste
10 regard the “view™ S), basit (o all wsape of certain
data, as Ihe minimum required tser view for theve data
(corzesponding to it & lhe “conceplual Schema™ of
ANSINII) whereas the additional models Sitia2, 3, 4
et might rathor be repzoded a3 dislinct ways of apply-
ing the same information 1D, 51, 0L (They correspond
tor for, ralher, are associaled withl the “¢xlernul Sche-
rmas™ af ANSI{INL Now the commoa uwe of the ferm
“user view"™, or “world model™ is of 1he Linds Thustraled
shove by 52, 83, cic., and thus they ought to be regarded
B4 an gpplicotion procedure cirw rather than a5 3 uset
view, The dinting applicalions, assocmted with 53, §3,
£ic., will process Uhe same duta (use the same pigces of
informalion) in distingt combinations and sequences.
This does nat necevsardy imply tha the dala e
disiinct Lhings 10 the disied users thouph rhese may
infer disiingt consequences from Lhe same information,
becatse th-u:yr have distincl problems do sobve,

The Jview™ 51 will lrpr,ally be 1isoctated with
objects and object-relations in the real world (the object
sysiem} ns well a3 with vamet and [rames of reférence
aociated with thew abjects and relaliomshipa, B

notice [hat Lhis docs nol mean Lhat all 1hese objecls and-

relationships musl be separately modelled in the dats
base. Rather, whenever » wser specifies an e-concepd (or
tmessage 1ypel o be represenled in the sysiem he
inlmduces one or more object classes amd a propenty os
relation as well This will thus appear among the data (D)
and does net neceswarsily need 1o be Nirther representad
& data (XS] thal repeesent & model 51,

Remard;

I should be noticed that the insight thar the inter-
pretation of 2 record (for inslance, a sentence) depends
on the world view 5 of the “user™ does xof imply that
the view 5 musl be eapiicilly modelled in » schema, for
instance, The only thing (hat # implies i that xny record
miy oaly convey informalion to some users gnd, hence,

i it important 1o easure that the dala (the yecord) ame .

designed with proper atiention given 10 the views. 5, of
Ihe intended wsens. How 10 verify this is » probiem tha
[ open to further research. It should not be treated by
Lacit assumplioa
Information dicticaary and information mancgement

An important ¢comzequence of (he ore.ial role of the
user view {S1 Tor inance) is 1hal a3l 1those whao are to
share soivt common dala must hold 1he sume hasic)

wview (51), at least approainmiely rwheress they may hold .-

distinc! application procedure views ftblrtspomﬁn[ a
what I5 commonly referred to as “user views™), It fol-

or names defined in a2 common, aulhorized infor-
masion/dats dictionary, This diclionury has Lo be verifed
by the selevant vser groups and thus il must be made
consistend with Lhe relevent user view [voch as St I’nr

ey
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instarce). Conscquently, any fime Ihal some e-messape
type is to be documented as required infarmation, all the
pames iavolved most conform 1o rhe dictionary.
However, il will ofien happen lhal pew names are
needed, when new &-mesvage 1ypes are wnlrodoced. [t
will thea be neccusary 10 have jnslitutionalized a
manaperial procedure for how 1o inlroduce and authorize
pew hames. These names will, 1ymically, be cames of
object chisses or property Iypes. Thus it b teeo 1o be
neceisary for any [S design proceny o have a well
established  nfocmation  mamsgemen  procedure
|L;n:cfnn1|4]'| This need for dafa marupement and
informaiion munagement functions has alw beeo recop-
nized, mwre cecently, by (CODAYL[15H aod {ANSI-
SPARCII3. It is desirablz 1o kave 1he information
mahugemen!  funtiios  spporied by & Computer
(Langefors| M|k OF course, the information dictionary
will have to contain entnies nul onty Jor ohjecl clusses
and propety types but ahis for c-¢oncepls and other
ootwepha. Furlhermore, aol only will the meaning af

each name have jo be documented bul varicus quality-
live and quanlitative characieristics will be pul dows zad
perve a3 B basis [or dals and process design es well o foy
[megrily constrinis.

Putpasice information beckground

We bave discussed how the understanding of data,
receiving the information, depends 0o the persoual world
views, 5. This is n kind of copnitive backprouvind—why-
the data users Lnow of the world, But the infurmation
received will be wied 10 wppert decisions end aclices

This, hewever, does net anly nvolve faciuaf information ™

but also goal or purpose information. [n management
infarmation system desipn one is inlereved in providing
goal information, in addizion 1o the fctwul infarsution,
ia ovider 1o mfluence o contral the decisions or sctions,
However, as shawn in (Lanpelors [14] decisions made
by people are necessarily dependenl on Ther pertowal
“purpasive inclinalion™, Thes, humun beiags have inter.
nalized gouls that they are useally unaware of -and g
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aulomatically influehoe their degisions. So Jevinions
canmat b totadly contpsied by eaplicil geal inlienmtain
and the expecied betoior of data users b thus nol only
Jependent on Their cognitive warld view (51 but aiso on
their “pual wkews™, of intentions. This is lestified, for
istance by the fuct hat people pormally mahe dechions
withoul making explicil the underlying goaly o uims and,

. even, without being awure af them.

-

The reference pacts of an e-menage and the infological
kuclgrivund

We strenaed that Ihe reference parts of 2o emertape
gars] arole beowm whae they refer te bl thal this may be
Jone In various ways, We now may infer that haw il may
be made hpown will depend on 1he siructurs of the real
yystem and oa the infolopacal wysiem model (5) available
w the vsers, We may lustrute this fucl ia conneclion
with the earlicr example

eml:_ Quuntity-on-Hand (Article-Type, A: Time,
Preseal; 17 pieces)

-

- Fird, the time relerence can obviously pol make known

the lime it rclers 1o if 1he e-messuge representation erel
woeld be atoced withoul supplementary I.mu- refemnce
data, in » dula base,

Sccondly, the Subject reference Arlicle-Type, A dot!
not make known, by #szlf, che abject it refers 1p. First
wt police Lhal wr probably have to do with sn object
which is, itsell. & collection of abjects thar are articles of
the 1ype A, Furthermore w e puess that this coflection is
soved somewhere. Suppose rhis collection s wored iz
Siore Mo, {1} and that such articles may also be siored in
Stare No. {2). Now we musl ¢onclade that the expresion
“Aricle.-Type. A” doey pot, alone, make known that
which wa1 intended. It musl be supplemented 1o “Arti-
cle-Type, A; Store, Noo 1;™ and the infalogical model of the
thers musd be compatibie with this.

You may now sk whether the needed supplementing
should be dJone by the analysts or by Ihe users.
Obviously, the analysls could only o Lhis if Ihey knaw .
that there is more Lhan one +iore, Regardless of who
docs the specification, il it has been verified by the
redevazi users Lhal the object refereace chosen for Lhe
e-messapes formulation does identify the intended object,

. Then the datz can be desipned. I i< nol required that the

dala system has » sored sysiem model {if the dals
syalem is pot a0 artiBeiat inteliipence sysiem). The data
sysiem will associale data ohjects with the object
wentifier choten and the usens will associzte Lhis
identifier with the real life object as d:ﬁn-:d by them-

. wlvn

" KOME BUITERINT ASMICTS OF LSEN VITWS
The informatice that “ray be conveyed by dats
drpends on the ¥icw of the warld, helidl by the users of

.the data, a3 well 51 it depends on Lhe Language thyr these

Bt_!rllt wie 1o express Lhe views. This is one of the basic
painls-ol-depariure of infology ond informalion systems
theory b, also, it is a focal point of hermenculics, Lhe
“seience of understanding™, We presenl some xapecls

= n
LJ
provided hy these fiekds of stwdy, More dula ayslem-
vrsendey situdies soch o data e theory amd sinsctuzed-
programming ibkoey speak of “aer views of the data”
anad (hereby comskler how the same dula are proessed
distinctly in distinct applications. The aim of thix paper
has been fo compare—very briefly—these Jistuwd per-
spectives of “vicwa™,

Absiraet 1S, real-weorld model and wser riew .

The e-mesuipes correwpond 1w e-fucts in the world,
Hence Lhe attract 15 (ALS), consisting of all e-messages,
c-alporithms a2 e-concepts. [orms 3 modei of 2 selevied
parl of reality. This was the view utidized in early IS
theory (Langefora[l.3)) and it still iz & banic m!ulug;cnl
vhew [Langelon and Sendgrenf 16 This view syessed,
2 we have <zen, that the absimet |5 (or infoloyical
moJe)) (AIS) must aiways be based on unother world
*maded, the semantice] bockgroumd (o cotkedtion of per-
ol world views) 5

The absiract 15, ALS, will be wssumed represensed
parily by data (D1 and proprzms. inn Whe Lypical 15 desigm
cast, Contrarie ise, Ihe perional world view collection, S,
will no1 be represented through data in the Iypical vase.
It is ouly necessary that il exists in 1he mimds ¢f the 15
users of, more precisely, that czbevanl paris of i wre
invoked at relevant simes.

The datn base literuture oftem ignores the tem “im
fotmzlion”, 1o ity meaning of knowledge &3 uwed here,
insiead one speaks of the data bate and of a “real-workd
madel™ assumed 10 be represented by the date bace. 1
should be ob<erved Lou the ~real-world model™ of the
datz base literature comesponds 10 eur abstract 15 1 ALS)

“snd not Jo the “semantic background syuem” &

Berause 1he divtinction A1S)S h cever anticuhited in the
DB Sterlure it & vsmlly quite confused as to what
should be represenied n the data base. A« 2 con-
sequence, it = oflen token o pranted thay o] of the
real-werdd moded 1thus both ALS and 5) ought 10 be pt
inte the dula base, This is obviously bath undesirzble und
impossible, Behind azy represcatalion of 1 world view,
wich as §, there will always have Lo be anciher wovld
view 5, Thus, regardless of haw much iy pu? invide Lthe
dala buse, there musl always be & worliview outsije i,
avalluble 10 1he urery,

Changing personal riews, a concept af concepts

A special problem with the imporiance of user viewsy
for the iperprelution of data s thul. personal views
chynge continmally, This i3 somelimes intended, some-
limes nod. [n fact the 15 itsell may well cuntribuge Lo this
change. A n result, any 15 will 1end 19 Jouse some of ity
relevance ower time.

One example of an intended change of view would be
Ihe possible eMect thiat the eforts on reshaping ihe wage
of Lhe term “user view™ might have upon sooe readery
of this puper.

The phenomenan of ¢oncepl formulion and chunpe is.
of counne, 2 profound puchelogical phenomenon
However, ;o shawn in | Langelon ] ETH AL v ponaible o
expfain much of 41 bused solely on ximple duta modeiling
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andd wusoming Ihe wiving of memory space io be the main
,crilerion puiding 1he concepl forming process.
To #ystrate, we being an eitremely umple example.
Suppowe we have n [S which receives and sigres in-
formaison as represenied by e-records such as these:

TOM has 2 head:,

NALUTILUS hat a hell;

TOM has 3 body;

BILL, has 2 head;

HARRY bas an arzy; .
TOM weighs 130 pounds;

BILL has 2 Jegs;

L]

The IS compiles the e-records into internal data slrue-
wres s depizied i Fip 7 Thesw structwres will be
relerred 10 av data objecty, A pattern anplysis afporithm
operates on These dala objects und extraciy siructures
thal are found to be common 1o several dalz phjecty
Thut pew Juta objects gel defined and names are assig-
ned 1o them. They will be referred 10 a3 conceps. From
the dutz base associated with Fip. 2, a concept Jutu

object called Pervon i ofsyined from the alpormhm, Fig
L3

Notice that the concepl object, Fig. 1, hat ooe con-
stanl o closed, part named Person-Basic and ont opes
part culed Person-Form. The clowed pant, Perswon-Bask,
conldms 2 sel of complete] "o chued, property
seferences (such xs “wrmy, qQly, 7)) whereas the open
part ‘contains names of propeny Types bul leaves'the
property values open (sueh as “weight, pound (), The
open tancepd dita Mraclore part 2Bows read-life objecty
{called persans in this c24e) 10 be segarded 2y insfances
of a concepl even though they have disfinct values [or
those properties lisied in the opea pant. {For instance,
persons may have divtiner weighly, pevertheless they
have the common charactenstics of having vorne weighL)

Of counse, the open property valugs will usually be
comifained 10 stay within specified bounds Ifer instance, |
persony musd have weigh values betwpen 2oro and 400
poundsl Such defined bounds Serve as inlegrity cop-
strainds for the duta base,

It v inleresting 1o ses thal slready now we may
recognize some properties of the concept data ohjecty
that have significance for [S desipn Thus, The concept
objecrs isuch as m Fig J) have g degree of permanence
which makes i possible for people to keep them avail
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sble, They are obviowly closely misocialed wilh Ihe
“wemanlic l‘.:-a_-'cknlaund“ or "user veew" § as we dise
cussed eawthier. Imslead, the open value pasilions
icpresent information that cannot ustally be avallable 10
people in advance, 11 it thal information which calls fwr
particular messages and, hence, neads duta records {such
av senlences) fec ity communication, Furlhermore we
now 2o see whal particyler confedd 15 needed with any
singhc term before 31 can convey information This parti-
cular conlent, we cun now see, will have 10 idenlily the
concepl ohject that Lhe value belongs to as weil as the
poper place of the value in thal concepl abject We may
now alsa conclude thal the open parts of concept objects
comespond, rouchly, Lo data record types in data buses.
Finally, the names, or lerms, appeating in a concopt
object musl be names of aiher concept objects Thal arc
avalable to the informalion hers, M their mindy or
through some eaternal means.

The concept objects, cleurly, form temaniis syslems
of netwerks because the property references Lhal they
centain reler 1a pther concept okbjecia.

The introduction of the “concrpl-dsla, ohjects™ may
be justified solely by the saving of memery space {in

human memory ©r in computer) that they bring sbaut.
Far initance, the data object Tom of Fig. I which u.:
oay wrile at

Tom (head: body: arms, gqty, : keps. qiy, 2: nn;hl
pounds, 141 may be substituted by

Tom i!pcmn; 150: %

i it is assumed Ihal the value eems foflowing u concept
name, belang to the apen value sbois of the apen part of
the concept obect and Y is wwed 10 denole a miving
value specificarion (which thus leaves a walue 1207 open).

In peneral we will encounter dara objecrs thal are al
mast partly consisienl wilh a corcept objeql. The
difference may be that the object Bay anoth: 1 value for a
properly than one specificd in the choved purt of the
concept. For example, the data abject Huarry, in Fig. 2,
specifies one arm only, Allernatively? Lhe object may be
lacking a property reference uliogeiher or it may contain
property references not contained in Lthe concept object.
For sueh ohject » reference 1o & concept may bl be
utd if those {exception) propery refetences tha deviate
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fzom lhe concepd slruciure of conlead are adied. For
inslance ihe object Harry in Fig. 2, may bt written

Harry {person; 7. 5.5) arm, gty = 1

To decide whether 1 deviating data object thoukd be
regarded as avaociated with a comtept (while wpplemen-
ted wilh exceplion dala) or pot, one May assess lhe
resulting duta space requiremend,

For any given set of duts objects—any given data
bate—and any eslablished concepd abject, an algoriihn
may ientify all 1hose duia objerty thal may befome
reduced by referring to the capsepd (as well aw Thoss
being increased). The tolal 1aving may thea be Com-
puted. Now Lhis may be repeated for & number of
modified cancept objects 5o 23 [o find the concepl tbect
which 35 mosl cfficient in reducing memory space. 1 is
clear that Lhis procedure will pot have 8 unique redull o
that somc siralegy Tor choosing one selution oul of 2 sel
of equally cficient solutions will have Lo be created.

Obviously, when a number of concepl ohjecls have
been created one may apply Ibe wame procedure apain to
creale conceply thal reduce groups of conceph. Thirs a
tievarchic condept struclure will emerge. The modet
presented may be seen as o possible, simplified mode] for
how human views of the world are developed.

The concepd of "concepes™ based on memary \aving
only, appran 19 be something much more simplisii than
“coocepls™ as commonly thought of. However, yeveral
Xrour charscienslics of human  conceplions are
reflecied by the model, simple though it is. Hence it is of
interes) [p lock at some stalements thal may be denived
fiom the model:

(1 The definithon of & concept will pot be unique,
several <onéepts may hawe appraximatcly  equal
elficicncy.

(1) Whether o centain object should belong 1o the
exiension of 3 certain concepd o nol. i3 2 question which
may o hive 8 unique answer—hente concepl logk
seems 1a be Lhree-valued lrue, false, not decidabled. I is
of interesi to nolice (hat this is similar 1o the answer
ponsbilities of stanslical decision theory.

(3 Concepls will ¢hanpe 33 the wubject widl expericnce
Bew perreplions.

t4r Disting1 persons may gencrale distinel concepfions
tven when they-have the same £aperiences.

(3 There is v fixed set of praperties that ali instances
musl possesy, ralher, any invance sl have enough
many propertics in common wilh the concept.

I seems likely vhat these five siatements, suppesied by
ihe sery siaple mundel, would be otifl more relevant the
mere complenity is added 1o the model. Hence 1he
shalemenls appear to be pencrally 1rue. All these con-
clusiens are clearly consistent with superience and 1
thiv expcrience may he explined by 1he timple assump-
tion of a slorage economy criterien. 1t scems alw ¢lear
thal this mwlel gives a lol of puidince for the coe
sideration of user views am) yer concepliops ia 15
desipn and operation. [ is worth noficing. expecially, the
indication of concept soriation with lime (hat eyt be
rechoned wilk, accopling 10 1he model. Any syalem

. LANGEPORS

camaining aviomalc coacopl fonming mechanigs will
change fs sel of coacepts conlinally, a5 mew 1-hor-
mal o s received. Ca
A Turnous wark which is concerned with some auperia
f foncept changry and, hence, “user wiews” and their
impoitance  is {Kuba[IBlL Kuha wser 1he 1erm
“parsdipgm” in teveral ways, some of which are relaled
to eMech of varying infolagicalftonceplual "user views™.

— e ——

Hermeatwlics, infodogy and "user ciews™

Infology and 15 dexign are concerned with how datu
may be teiared 10 the weeld amd Lo information aboyl e
world. Hermonoutics i= a fedd of inguiry w hich ja expli-
citlly devoled re how kuman beings can undersland or
interprete behavior or lexis such m hitlorical or law
texts, for instance. Thus infology amd bermeneutica
chearly have common iuerests. Hermenculical work iy
uykally prescnted in 2 verbose and calangled prose, Thiy
cllen maubes 3t dificull 1o kaow whelher anything can be
conlibuted to 15 devipn and, indeed, it s natur 10 #
sciendist 1o question whether hermeneutical leats camy
any precise meaning a all. B once 1he chose rebation
between 1S-analysiv znd barmeneuticn it recopnized, B
becomes desirable 1o weriotsly kool inl0 hermenculks.
Now hermenculicy ilsell i perhaps more concerped with
injecting meuning into a leat (Sinngebungl than with
eattacting mearing oul of it (Ausegungl This of counse,
imphies Lhat Lhe queslion abosk precise meaning becomes
somewhal iredevant Thus, in reading hermencuncal
worke one should Ly 1o see il i s possible to make
senns oul of them throuph explicit, conslructive eforts
of inferpreiation. In any case, H is clear that the queslion
of ey worldd views and dats vrdentamding may be
regarded 21 2 hermenculical question For chis reason i
appeared desiruble 1o Iry 1o see df it was possible 1o
altach concrere, infological mearing 1o selected sections
of kermeneutical leats znd Lo try 10 find oul wbether tha
Ficld might be useivd to 1S design. Thia tithe stdy termed
aut 10 be reasonably weeessful (Langelors| 19

Hermeneutics stresses the ertical importance of (he
“pre-understanding™ (Vorverstindnish held by the wb-
et A ypical hermencutical view i the ooe [y
Gadamet) which claims thal inlerprelation ks nol merely
a Jooking for an objective conloat in the Lext {which may
oever have existed), sor is il merely 3 looking for the
trug ntentions of the author (which he, himself, may nol
have been awure of). [ is ralher someihing “belonging Lo
1be curreat event of intesprelation™ and of v “heing-in-
the-world™ of the inlerpreter. 1 is cenainly not casy lor
a Wientist 1o atlain 3 Gadumer kind of * being.in-ihe-
world™ and te understund i That sense, bul bowever thal
muy be, ane is clearly concerned here with “user yiewt”
ol some kind

For a move penetraiing dicussion kei's pick up 1nother
picie of hermencutical texl and try 10 attuch infolopical
meaning 1o i (Langefors 19 The teat b from
{Apel [ X]) ¢y transtation from Germanl

“A Linpuape-he rmeneuricd aml ysis 2vumes 1hat the

undersiamdable human bokovios resposses Contam,

themelves, Ihe prperty of underdanding, being, o

they are, Linguage relled indentionad imuges. This

oI
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anslysis hav 10 conclude (hat the werkl knawledpe

(Weltdalen), againd which 1he bohaviy is 1o be

underitood, must Huell be vmdeniood agaiest the

pnderdanding of Lhis wame behavieoe™.
Tiis piece of 166 may, perhaps, be watering Lhe mouth
gl 3 recursipn-loving Compulcr acienlist b lo “un-
hundle™ thix spaghetli phraselogy does nol appear Io be
ey, Buk this is whal sheuld be tried,

To bring Lthe probdem within the prasp of infolopy we
pay.slart by duming Ihe sitmples] pessible care when
* the human behuvior fo be undenoed ix a single e-fact
an “elementary event™ in this cuse) so that the under-
vianding would give tise lo an e-messape g The obrerved
bohavior may row be regarded as the data & representing
ihe e-meyzage . We may now put down i infolopical
equation

A LA

which xayy 1hat Ihl.‘ information fundersianding |t ¢ will be
obluped Ihvough 2 process WE, 5.t which works on the
data €, and employs the pre-understanding 5 during a
period of lime t. Now, once (he hnowledge ¢ has been
penaerated, The pre-undersianding by the subject may
change to 5 = S+¢ This symbolization iv. of course,
merely to be undersiood i an intuilive sense bl 1 is aol
bard to imagice bow i could evea be modelled in a
tnm'put:"rl. and thus be made very concrete and lormal,
"!lr't are pow bed 10 the new equatioa

¢ =il S+ed)

which ,indicaler that the knawledpe ¢'—which is
penerated by a redteration of the same pi.cess £} from
the same observation (€) but wilh the new knowlzdpe
buckground (5 + ¢)—might be different from ¢. This cor-
responds, pottibly, 10 the texl =, must fsell be upder-
ylood againyl (he understanding of Lhis same behavior™.
Bowever, il we tmzgine 8 computer simulation of 1he
equation ¢ = 4, 5, t—which we 80 in arder te iry 10 test
our understanding in a concrete way—then we would
think of 5 a3 being represented by a netwerk dula
siruciure, § (e.p. & semanik eelwork). and the under-

slanding process [iy would establish az intcgration of
wilh §. Thus ¢ would be sepresented throuph 5+ &, Then
it would be nslucal 10 2 computer stientist t¢ avsume that
the model would be such that the repetition of the
process (il: ¢ = K&, 5+ 2, 1) would ¢hange natking st all:

thal is he might sssume K2, 5, (@ ¥2, 5+ &1 However,

s eavy 10 conceive of 2 chanpe of the abeve model. la
fact, the equation isell suppras & mare complea mode!
because the effect of time ler interprelation i) oughl o
be represcnied alva, A modificalion which suggests itself
is 1q asame 5 16 be slored on an auxitiary siore snd 1o
* bt searched by Lhe process {i) which beings relevant
paris of il inlo muin memory (torresponding 1o areas of
higher awareness in the human memory). Thus, the time
constrainl (1) will restrict the time allowed for search in
the bucking store. In this modified model the putt of 5+ &
hat rasides in main memery may well be Jistinet from
{aod more powerfid than) that which resulied in the fra

[ ] n-
eaeculicn of (i Correpondingly, ¢ woukl he Jistinet
from ¢ and woull be avociated with 3 wemantic network,
mote powerlul tan Lhe pres o oo wilh covpect W 1
underutanding of & Now, clearly. the muodificd mudel
dory coattriet sense 1o The picce of Iexl by Apcl thal we
are discussing. though it is doubtful whether this con-
strucied meaning was intended by the authar (Apcl),
Heveribehess, our hermenulical exercine Jppears 1o bave
been quile successfal in pencraling some deepet under
standing (as wiell a1 suppesling ~ome inlereshing research
of un urtificial inteNigence Lind)

The phenomenon that we have just disvussed is, i
cidentally, 2 simple example of what is yonelime. refer-
ted 10 o the “hrermemewtical circke™.

The interprelation caperiments made abuve indicate,
through their positive resolis, thal hormeneutical 1euls
should be given some eatensive studies by informuanion
analysts. The authors of such texts may not be Jiming a1
& wery concrete, engingering lype of enderslinding.
Nevertheless, such a concrele understandug w 1v eavils
posuible 1o reach in the above inlerpretalion eryponi-
mente. Furthermore. thiv became postible through e1e
plicit hermenentical efloris of constructing menmng that
did £l in this attempl, The outcome of ihe efforts was g
deeper understunding of the process of interprelation. li
aeems reasonable to eapevt that when the amall extrazls
of hermenutical 1oats, used @ the eEperiments, lurned
oul to be quite helpful, more wwelul know [edpe shauld be
oblained from more exlcnsive studies. Because hers
menutics iy very much a matler of “wiews” of suhon
and thewr readers H appealt 10 be potentiully sdvan-
tageows for more extemvive stwbes of "user LicusT 3y
related to the use of date in information uy viems.

Process-oriented riews on doia and waer views on Jduta
It was painted out in | Langefors | Y. Section 21221 1ha
il js advisable 10
“mike use of the at that the record v uniquely
defined 5o some pxtens by file and to gome extent bo the
actual process, Thus ane should bave » Masic recard
deseniption which is defined by the file snd un ué-
ditiona) structural description which adds... 10 ke
bavk record description. Only Lhe Liller would 1hen
have 10 be defined for the proces™.
This ides wan wso forwarded in [OUe [25]] and has
much more tecently beea taken up n the July baee
mansgemenl systems work. For inlance the “bawe
record Jescripiion™ ¢oncepd in dLangelor M1 i veny
chvely related f not wlenticad 10 the “physicad ruc-
ture™ or ta lhe “storage schema™ of 1he COOASYL
DATA DESCRIPTION LANGUAGE ¢OMMITTEE
1978 (Metaxides|21) und! other CODASY reporis during
the 19704 Likewine, there in 3 clear rowemblance be-
tween Lhe “additaonal, sinecturad descnplea”, mentioned
above. and “logical siruciure™ of the “schema™ 1and the
subnchemas) of CODASYL. An aliernalive 1eim 10
“subschema™, proposed by (ANSHSPARCIE) is the
“external schema™ and the associated "enterns hevel™ of
the dala buse architeciure. In the ANSISP ARD ter-
minology Ihe “banic record descnplion”, mentoned
ubowe, '.‘Dﬂhp(md\ e Lhe “intcraal level™, The e vicrnal
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level™ in soid 1o be concerned with “individua! user
" wiews” (Dute]22) It i Lo be noticed that one is, here,
concerped with user views of Ihe data base, not with
usek world vigws o7 infulupicul user views though, un-
fortunalely, thin distinciion h vally sol made ciear.

The common use of the term “"Usér view™ in 1he data
buse lileratiire emplays the idca thal the data base is
maodelling parl of the world and that an isdividual user
szes' oaly a aubparl of this part of the world. Con-
sequently, The user would ealy “we™ a part of the dala
base such thal of afl the dava about a read-warkd entity,
cantuined it the Jdula bae, wn individual vser will only
se e w subset of the daly bave objects and only 2 subsel of
the properties of each of 1hene obijects. This may sugpest
the ferm “user vitw™. Howewver, it seems imporlant lo
recogrize that this i only 3 very special avpeet of the
user's view of the world, 11 ignores entirely the in-
fological jnsighl 1hat the information—which the Lsery
may obtain from the data—=is tolally gependent on lthe
genera) “semantic background™ of the user, as we have
~gen. It 1akes for granted thal if distincl people are
concerned with distincl parts ©f 1he werld then cach of
them weuld be served by obiaining thote dats [rom the
tala buse hat are associsted (by somebody, else) wilh
thawe parts of the world.

The way the tera “aer view™ i smphoyed v reven!
data base literature may be fusther iMusirated by
presenting some quotalians from Date[22]. “The extesnal
schema defines the her's view of the dals base™. The
dats arienlation—ather Lhan informatica orienlation-—of
this conception of “user view™ is further exhibited by the
fellowing two quater from Date[22) “Suppose 1hal 1he
user wants o et the same information as in the
PARTLOC example. but in the form of a hierarchy
rathez than a relulion™ (p. 182L “For instance, in 1he
conceptual tohema we may have

DOMAIN WEIGHT NUAMERIC (4)

whereas 1he corresponding dJomain in an ¢xternal schema
1o be wsed o a PLI application ouy be defined as

DOMAIN WEIGHT, FIXED BINARY (14)".

B is clear Lhat Lhe “user's vizw of the dala bass™ which iy
thought of in these picces of textwand several similay
ones in Jata base fieratere—is very diffzrent from what
the term “user view™ would suppesi from an infalogical
peripeciive.

In Coded[10] Ihere is another il!uur:tm of the datz
oricnted way in which “views of the data™ are in fagl
tredted in datz base works: “For application proprams
Ihal do more then oerely fead the data, there are
thearciical limilations which musl be pbserved if 1he data
base Integnily tincluding consistency of all permilled
siews] s Lo be moinlzined™. As weshall ser. the
“theoretial limitalions™ comidered ore merely thase of
a purely farmal king. WNo iheoreiical limilations of a
psycho-lingunlicconceptual {or infolopeal) kimf are, at
all. mentioned. Furibermore, 3 meems 1o be assumed Thal
“ull parmilled views™ could be consiatect. This ix 2 very

sirong sistemend to make. And our presenl dhiussion
indicates that il 4s pod tenable,

In the illustration Codd assumes thal “ihe Commuaity
schema™ conlains the relstions RiA, B) and 5(B,C), which
Nl 3 ceTicin mm:n: ha'u-t the Labotation::

1

RMB} SRC)
'K Nt
ol I

and

and (hat u user sequesls The schema T(AB,C) where T
is the natural jain of R with § oo the commea atirbute
B. The 1abulatios of T becomen:

TABQ)
shi
sy
tlu
thy

Mow Lhe asiumplion is made that the user wanls o
delzte the triple §1. 1, ¥) zrd & i poinled ot that if he was
allowed to do Lhis T woukd chinge 10 a relalion that
nol the Join of any twt relatioas.

Clearly, there i an impiied wssumplion here that the
user j3 contemed with how the data ane stoved=—or how

_they mighl be conceived of as being slored. This imay be

imporian) 10 & user who is an application proglammer,
Fram an infolopical point-of-view the peablem llustrated
woukl be Vrelevant (simitarly to the above ifusirabion

from Date[22). From the infological perspeclive the data -

{#-recocds) in the data bass are thou;hmfunpmm;
infermatian enfities (elemenlary messages) that are -
stances of elementary information kinds {e-concepls).
The user expects Lhe dala base to conlain e-reconds of
many distinct Lindc end thyt he will chisin a peroper
selection of Ihem on request. He does not require that
the ather dats (t-recordst apper a5 non-txivent ind he
wanls 1o Jisregard the wxy the dath are sggregated (iato
n-ary relations or hierarchies of whaleverk' Thus, for
ingtance 1hé¢ relations RiA, B) and S{B,C) might be
representatiom of e-concepis and the finfologicall user
would expecl the management of these o be onalfectsd
by 1he request f scowe {other) muer to be allowed to
forpet » cerlain tople (such a1 t, 1, ¥) or & combination of

" e-records. Furthermore, il (he user wants (he luple

(1. L, ¥} be woukln't care whether this s a tupk [om Tor
it combined rom e-recprds from R and 5. He probably
alto would not wanl to learn wboul the name T amd the
coedent of T. On the other hand, lhepmblcmsdistnmd
in the Mustration are real problems at Lhe stage when rhe
“implemenlation” is about to be designed.

I myhcur interest 1o lpok adsn on xa m.ﬂo{
how, in the sippctured-progrimming literatuge, the
"problem enviranmenl and....our underslanding of it is
reganded a3 defining the structure of the data while, thea,
a particular processing structure i defined t.‘lackwn!ﬂ]j.
We quole:

“fi} consiier the problem covironment 1nd recond uu

3
.
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underdanding of it by defizing sirwiures o7 the
dala 1o he pvCessal
(ut form 2 propram s.lﬁ-l:tl.ln‘. hased on Ihe data
structurey’™,
I appears thal the undersianding of The problem
cavipamenl mentoncd, iy relited 10 Lhe data base leal™s
cnpuepls of “user viewy™. Thet, when 3 B suppeated 10
[arm & program Mruclore bsed on dhe data sirucluce,
thiv indicutes that the auther has already imposed some

_ . thwughty aboul @ specific precewing Lask upon ki “data

T [T

i

Bur ~uch 2 uruciure may pol 2 all be
inherent in Lhe structure of the informalon lor the reality
reprevenied by the dua) For instance records on store
mavemenls are Tfrom one point-ol-view independent of
fack odher; each represents 2o individual event of issuing
or receiving a szl of pars, When it i+ decided Lo sort (he
records inte part-aumber order and 10 compute disting)
wuemmaries, this means @ impose wpen the datd some
druclure which reflects what one wishes lo Jo with the
Jata. [0 is (hen not surpriving 1hal ehis impered, proces-
orienled, strueture of the data can be uséd 1o determing
the strutlire of the program Jor 1his"speeifie spplicarion.

But, the same Jala may be processcd lor anather prob- |

kem alter impoung quite another sructure, Clesrdy, these
srbeiures arz 0ol inkerent in the information represen-
ted by the daws, or it Lhe reality infarmed about, In fact,
the Iypical examples of the use of the basic structurl
calegories: sequence, leration and selection reflect
decision an baw 1o avigate across 5ome dale in order
ta solve some specific problem snd 1hey have filke o do
with the infologicnl structure undertying the data them-
;selves. Thus the view of the data wnd their relations to
reality is tather dislingg [rom the infological (or concep-
tuat view). 11 sesms, rather, clotely relaled 1o e “user
view of the dala® &5 the torm is employed in Lhe daia
hase literature, 11 appears thar the siructured-progrim-
ming would beCome more systematic—more alnace
lured—=il on¢ would define ibe infolopcal stnucidres,
independentty of Lhe intended processing frul, before
procecding (o Lk design of the processing-oriented data
structires thal one does not starl with.

A more protral and absract process-ocicnlad view of
the information sructore (lhuy pot merely the dala
sleclure) wias develeped in Langefors?|, Y. Information
precedence relutions were analyzed by ideniifying the
information unils (precedents) Ihat may be used 10 derive
specified information units. This precedence structur
wat wsed bath in onder 10 making 1he informelion needs
stalysds systematic and 10 finding the record and fle
consolidalions amd process groupings Lhal would be
eficient from Lhe dala tramsport (access & tramden)
Peint-of -view. Thuy data desipn end program Sesign was
also made systematic by informalion precedence analy-
sis. Inforpiulion precedence gaphs, contenl graphs
Icumwn:nl graphs) a1 well as ligts and maulnices were

tned 23 100k Tor descnbing the information precedence
dructure.

CONCELISION .
For 1ome years the author's ideas of information 1ys-
lems o Tlaspe <hared data bases™ have been that 8 datz

1R MR

]

in the data bise shoekl be available to all “legal™ uners,
To Lhis erat all data should be sdapied 10 w hat is ihaaadly
culled o “community view". Acconling Lo reven? data
buse writings. the Jsli administrator is suppesed 1o
defing this community view. This ks 10 be done by meam
of the conceptual scherna {That is the infolopieal modell
Ther each panticular user view is ataumed to be serviced
by a subsel of the dala. that is arranped wilh con-
wideralion |0 15 processing pattern assumed 62 be 23ao-
cialed with the particylar user view. This daty wobset am!
attanpement i3 supposed 10 be Jechred by ax exienal
schema, presumed 10 model the pasticular uset view, All
datz in the Juta base that are not within the scope of an
everma] schéms ace astupsd 10 be (nvisible—indeed
RoereYistent—to ihe poricular useTs :imn:ed with the
particulay exlernal schema. .

The infolopical (or concepruall Iipﬁ:“ of duta. und
information—3s well a8 of “user views™—that hox been
discusseqd In thix aticle imply some fundamential dis-
agreement with the curzent data base theory aspect 1or .
“datalopical aspect™ of user views, community view and
exleraal schema. Below [our aspects are described:

(1) If the da1a 10 be used by 2 parlicubar user huve
been modified in order 1o be consistent with some Lind
af “community view™, they may be unintellipibie to 1he
Useri, no maller what dats seleclion and rearrangement -
it broughl about by the use of the exierna! schema. In
other wordy. i may b impossible o make some dora
“thareabls™.

(1) The user's view of daa Jepends an his view of the
world. To such & view one or maré sels of data may be
adzpted, The vser may then wand o use the same data
for 1he soluting of distinct ks Boted ow the seme cew
of the dzta he may Lhis wanl 1o process thems in disring
ways and, for thal reason, he may want 10 Lmange them
differently, This may call for distinct exiernals schemas
fut, however, have to be based 0o Lhe same ser view.
The (nterpratation of some deia must alwars be besed on
rhe samy {infolopcaliconceplual) wser clew—=the riew for
whick ke dota have beew desipmed. Bol 1hese data may
be rearranped for processing reasons ard the xpplication
prOprammer may view ihe dily (rom Lhe processing pomt
of view. Thos, the progremmer may view the data ac-
cording to how Ihey are 10 be processed—rather than
according ta whal they mean. But the duly must alwuys
mean the same while ditlingl infercoces are draws from
them in distingy applications,

{3) The Wlea of one community view, declared by ang
conceptual of infological schema has 1a be replaced by a
syalem of conceptual for infological) schemas. One or
more af Lhese whemas. infologicallconceplos! sub-
schemas, may descrbe such information us has been
possible 1o eslablish as "community™ informution. This
cannol be decided by the “data base administrator™. It
must be determined through kearning and nepoizagion
among the relevand vsens, Some other infologieslcon
ceplual subsehemas may describe information thal can
be shured by distinct vser groups but thay requires dis-
lingd frames-of-celerence for dislinet yser grotps, This
avubmes that e users have “Jistinet bug reconcilatde™
snfological views. The implication here iy that distinct
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wvers will require distinet data 10 obiuin the same in-
formatiun Lapprosimately ) This in Lbe cave of “thureable
information” hoi mon-shareable dara, Finally there will
be mislopiculiconceptual subschemas decliring uner
- wiewy Lhal are irrecansiluble and that, hence, correspand
10 non-vhareable dals.

id) The bypolhesis—Torwarded above—ihat Lhere will
be user views thal are incompatible, jmplies thal the
information systems or dula buses wil] 2onizin “islands”
af nen-vhareahle duta. Dne canequeace is that it will
ubvo be pointless 1o Ly to caler for farmal consistency
lesting ameng dislinet whsydems. Recopmzing thin lact
GF v a Tact} will save & lof of useless analysis, for-
malization, znd verifcation work 2y well as 5 Jod of
gaibering of 1e-ting data, “Talad data base integrily™ will
be mewringless wnd impossible, while "island-wise™ ine
Legrety will still be importani—and 2anier 10 2chieve.

,
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BE

Further Analysis of the Entity- Relatlonshlp Approach

Abrtract=The nondeierminizic or determinislic entlty aelationship.

model of n datzbasg |s formally defined oy 3 vser's view of that database
in termy of 3 coljuction of time-varying velationa? the regular or wek
cndlty rclationa, or the eegular or weak rdationship relasions. Hoth
naasdelcrminiatic and delerminialic cnlily-zelationship medeis have the
cme strchgth do characierze infonmation ¢ancerring enttics and rela-
dlonghips which ¢xit in our misds. An improved Wble form of the
relations i inwoduced to provide 8 clear and concise user's view of
databuses. The trasle concept of the entily relationship sppraach o the
Jugical databuse Jesign s provided, snd b used 1a derlee 3MF relations.
Funally, 2 method of represcating physically these relations, which e
gentrated by Che wie of the entity-relationship approach (o the logical
dslabase degign, is presented. Thut, the entity-relationsh|p appraach 19
tha logical and pliysical databasa deaign can io be realized.

Index Termi-Determinlam snd sandeterminlym, enifty-relatonabip
sppraach, functonal dependency, logical and phygical dabase deslgn,
pormul fermg, relational, hierarchical, and nebwioch modely,

[. IHTROLUCTION

DATA model, called the ¢nlityelationship model, has

% been proposed in [2], {3]. And the recent development

of its use for systems analysis and design has been semmarized
in [15].

In the entity-relationship model, one of tie mujor character-
istics it the existence of artribules, £ach mapped (rom an entity
set or a relationship s21 into a value set or a Caitestan product
of value sets, [o this paper, we shall describe fornally that a
delenministle antity-retztionship model is a model, in which
each of (he attribules s 2 many-l0-one mapping. Ifan attribute
3 1 manyio-many mapping, When it s a nondeterministic
model, The nondelerministic and delerministic entity-relation.
ship models ate defined in terms of entityretatdonship relations
or relations, each Jescribed by a wpular orweak entity relation,
or 3 repulsr or wezk relationship relation, necording to the
different ievels of logical views of dara [2], [14]. It can e
thown thal bath nondelerministic and deterministic models
have the same strength to characlerize the rame mfurmalmu
aboul the real world,

" The entity-rclationship approach to logical dalabase design,
described in this paper, consists of three major phases: 1)
defining the enlerprise schema uzing the eatity-chitionship
disgram that confonns 1o the descrlption of a databese appli-
cation, 2 translating the enterprise schema intu an enterprise-
user schemy, called 1he entity+clatienship relations, such that

Manwseripl received Tuly 31, 1979 mvised Anpust 22, 1980,
The autlwr & willt e Deparpment of Compaiter Selenees, Uniyensity
»of Migsourlh, Columbis, MO 55211,

. PETER A. NG

_view of data.

' : «~,,, D09B-5589/81/0100-0085500.75 © 1981 ILEE

to Database Design | -

the conversion of nondeterministic relations into deterministic
relations can be done wilh eass, and 3} transforming the enter-
prise-user schema (or direcuy [rom the enterprise schema) into
a user schema. The user schema can be expressed by u collec-
tion of regular or weak entity reladons, oe regular or wak
relalionship relatiens, These relations in an improved table
form have @ clear and conclse description of the user views of
the database. Indeed, the user schema also can be expressed

by the network, hierarchical, or relational diagrams [3]. And

the translation process frum the sntity elationship diagram {o
the hicrarchical diagram Ras recently been studied [13]-10
provide u unified approach 10 the logical design of the hier-
rchical model.

In defining the enterprise schema in lerms of an eniityvela.
tionship diagram, one of the major concers is that whether
the diagram conforms to the description ol application for an
cnterprise [11], [12].
relations, oblained by iranslating from rhe entity relationship
diagram, ate “rquivalenily™ corrcsponding 10 3INF relations of
the relational model. Within the realm of thess coneearns, this
paper outlines the major steps in logical database design using
the enlity-relationship appreach.

[n the course of consiructing the physical representalion of
an entity-relationship model, a disciplined data-structure dia-
gram [2] is obtained by tznslating from the entity-relationship
diagram. It has been shown that this data-structure diagram - -
can be used 1o recognize the multivalued dependence {111
[n additios to the entity-relationzhip dlagram, this data-truc-
ture diagram and the user scherma can be used 25 major compa-”,
nents of an integrated design too] to essist in the process of the
physica] database design. Thus, the entity-relationship ap-

The other concern {8 that whether the

proach 1o the logical and physical darabase desipn can he -

realized.

In this paper, Scciion I introduces che nondeterministic end .

deterministic entity-relationship zelatlons as an enterprise-uaes's
Both nondelerministic and delerminlstic tela-
tions are shown Lo have the same strength to characierize in-
formation aboul the real world. Section LI describes 3 user
schema o lenns of regular or weak eatity relations, or regular
or weak relationship relations,  An improved table fomn for
the relations is lutroduced, Section [V concludes (hat beth
detcrministic ” and  nondeterministic relations for the wer
schema luave the same strenyth to characierize information
canceming eniiiies and relationships which exist in our minds.
Sectlon ¥V dJescribos en eniliyrelatlonslip appreach to the
logleal datobase design " 10 can be used to consiract te rela-
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1
tions as a user's view of dala |n the entily-relstionship model
such that their relations are equivalent 1o 1he 3.¥F relations in
the relatlenz! model. Section VI describes a method of repre-
senting physically (l1¢ entity-relationship dl.l.gmm or its core-
spondmg user scliema,

a ”
II. ENTITY-RELATIONSHIF RELATIONY

In this section, we shall define formally the nondeterministic
and detenministic entity-relationship medels of a database as
an enicrprise-usar'y view of that database In Lerms of a collac-
tion of time~varying relations of assarled degrees. We chall
show that both nondetermibniste and detlerminlstic entity-

relationship models have the same strength to characierize the

informmion concerning entities and relatjonships.

Dejinition 1: Given 2 collection of ssts A,, A;,*++, A,
{not necessarily distinct), R s a relation on iese n sety i it ia
a set of ardgred n-tuples <2y .4y, - ,a,>such Lhata, €4,,
2 EAy. @y €A, Sets A Ag, -0 Ay, are the Jomaing
of R. The value n is the degree ol R.

Definitlor 2: Let e denate an entlty, which is an object that
can be distinctly ldentified. An entity et £ Is defined is E=
{el p(e)}, where p is the aforementioned test predicale, ¢

Definition 3: Let £= {E;}1 €< n} be 2 collection of en.
tiey scts. A relationship ser R over K it defined a3 R = {<e,,
£2.7 eyl EE, 1 Kin}. Each tuple of entities <ey,
&y, ey is a relationskip,

The role of an entity in a reladonship is the function that it
perfortig jn the relationship, The ordering of entities in the
definition of relationship can be dropped if the rodes of enti-
ties in the relaticnship are explicitly staled as follows: <r, fr, ,
rafey, -, #yfen >, where 1 s the role of & in the relationship,

Examiple [: Let ¢ dencte an entity which exists in our
minds.” Entities ¢an be classified into differeat entity types;
each eniity type centalns & set of entities, vach sadsfying a
set of predelined common properties. The set of entitles 13
called an enlity sat, such 2% EMPLGYEE, PROIECT, FARENTS,
and sc forth, Because of different predefined properties, the
entity sels are of different 1ypes. Thus, we call an entity set,
an enlity type. .

In general, there will be assoclations or relationships linking
the basic entities together, For exampls, a1 shown in Fig L,
3 MARRIAGE i% n relalionship betwesn two entilles In the
gnLily set PARENTS., Their roles are HUSBAND and WIFE. We
shall call MARRIAGE 3 relationship set, or a relationshlp type.
PRO-EMP and PROFMANAGER are two dilTerent types of rela.
tionzhip se15 over 1wo entily 5215 PROJECT and EMALOYER,

Fig. 1 Is an extension of the entlty-refationship diagrammatic
notation in [2]. The entity sely PARENTS and CHILDREN are
shown as double reclangular boxes, #ach of which is connected

by a directed edge from the enlity set EMpLOYEE and the rely-

Lionship svt £ (existence Jependency) and CMy-CHILE, mspec-
tively. The diagram eapresses the existence and fdentification

lependencies of the entily set PARENTS on &MPLDYEE; it indi-

cates that Lthe existence of any gntily in the enilty st PARENTS
depends on the correspanding entity in the entity sor -
PLOYEE; Lthat is, il an employee kaves the company, his
parents may ne longer be of interest. It also indicates that
parenis arg identified by thelr own names and by the values
of ihe primary key of Lhe employees supporting them.

EFE TRANSACTLOMS ON Sﬂ}"l";lu’AHE EMGINEERING, YOL, SE-T, NO. |, JANUARY L1981

Fig. 1. an :nlilyhﬁ:lml.on:hip disgrarm for an enterprise schems,

Il a relationthip set 8, represented in a diamond shoped
box, i5 intsoduced batween ‘the entity sets EMPLOYEE and
CHILDREN, then it expresses the existence dependency of the
entity set CHILDREN on” EM#LOYEE, znd the identification
dependency of the entity et CHILDREN on EMPLOYEE does
nol exist. Il the same diamond-shaped box has the names £
and EMP-CHILD, then the relationship set EMPCHILD of the
entity sets EMPLOYEE and cHILDREN intludey the existence

" dependency of the enlity sel CHILDREN on EMPLOYEE. If the

same diamond-shzped box has the name EMP-CHILD, then the

relationship sat EME-CHILD includes the existence and identifl.

cation dependencies of the entity s2t CHILDREN 0n EMPLOYEE,
Without this diamond-sthaped bax, it indicates the existence
and identification dependencies of tha entity 3¢l CHILDREN
on EMPLOYEE,

Definition 4: A valuese! Vi d:ﬁnud nb= {ulp(u}} whers
p It the alorementioned test predicats.

Definition 5: Let £={E;|l i< n} be 2 collection of 1i-
nlte entity sels. Let ¥ =172, ¥, 1 < m, bea Cartesian product
of value sets. Let R STIL, £y, 1 & n. A multivalued attribute
Fis defined ;8 F&R X V H‘m-l then ¥ i3 a value set, [f
r® 1, then ® i3 an entily sot, and F i a mapping from an entity
sat Into a value set or e Carteslan product of valua sets, [T
n > 1, then R is a relationship se1 over E, and F i 2 mapping
from a relationship s21 into & vitue et or a2 Cartesian product
of value sets. In particular, il F i3 a function which maps R
Into ¥, in nolatton F:R =+ ¥, then F is called a single-vghred
ariribute,

Exampie 2: Consider the entity sets PROJIECT and FMPLOYEE
and their relationship sei PrROJ-EMF, shown in Fig. 2. The at-
tribute STARTING-DATE is the date that an employee starls
working for a particular project, and the anribuie B-OF-TIME
is Lhe percentage of tlme that an employee it expected to
spend on a particular project, The concepl of attributes of 2
relationship 8 tmpaortant jn understanding the semantica of

m hmww — v e —————
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data. This concept is simitar 1o the relationship dala in net-
* work (CODASYL) type darabase systems, and similar 1o the
intersection data In hierarchical type (IMS type) database
L TSHES

In some cases, an aiufbute may lizve more than one value
for a given enlity. For instance, the PIFONE-NG of an employte
x may have mors than one vulue. In this case, we put |1V
bestde the arrow to [ndicate that It is 5 multvalued airibure,
If the home phone numbers and the oifice phone numbers
of the employees are of interest, then 1JOME-PHONE-ND X
OFFICE-PISONE-NO, whicll is & repeating group, may be taken
inle consideration. DBoth wector fthe Cariesian product of
value sets) and repealing group are dilz-aggregates of different
lypes, For the latter, both HOME-PHONE-NO and OFFICE-
PHONE-NO are referred to be individually addressable groups
af data iterns. Thus, in the entity-refationship diagram, bath
oM E-rHONE-NO and OFFICEFNONE-NG should be créated,
Each of thess anrbytes maps the eniity s#1 EMPLOYEE inlo
a value gel FHONE-NOD,

Defluitlan 6: An entityrelationship diggram {ERD} Js '
diagram which consists of & collegtion of enlity sets and rela.
tionship sets and their associatlons, which are in the ypper
concepiuzl domains, and the aliributes and value sets which
arg needed to degeribe the propeilies of tome of the entitjes
and relutionships whickh may be of interest, in the lower con-
ceptusl domains.

Exainple 2: Fig. | Nustrates the asocialions of 1he entty
and relaticnship sets, Fig. 2 illogiraics the attributes and value
sals needed to describe Lthe properties of some of the entities
and relationships whicly snzy be of interest to an enterprise, A
dizgram of Figs. 1 and 2 is an ERD,

Befinition 7- A nondciceniniseic saticy refationship rclan*m
Mover E(NERR) ix delined as Af = {E R, V, F), where

Ew {E;fl Sisgn}  isacollection of colntable
entity sels,
R < ] ] EI'
il
Ifn=1, thienfe=g,
Ve (K] <iswm)

is 2 prodelined relarionship se1 over £,

is a collvetion of eountabls
value scty,

87
and

{F}JF; € (£, UR} xn P?j. 14y "-'F}
is 2 finite ee1 of multlvalued attribules,

Let £; be a finite set of distinet entities, Let £] and £} be
subses of £;. If R CE[{X E[, then we can always write £
into entity seis £; and £, For this reason, without loss of
generality, we can Impose a restriction that If £ iz a singleton
set, then & = ¢ thal is, no rdaunnﬂup get 1 10 be defined on
the singleton set £.

We nay restricl F into a set of functions £, Each F, ls a
funetion which maps an entity te1 ar 2 predefined relationshlp
tet B into g value tet or a Cartesian product of valus sars,

Definition 8: Tn M, If F= {F|Fp {Ea YR}~ Ii, Vy, 1 <
o % p} is a Ninite et of attribuies; then A bz sald to bcadﬂrr--
minitric entity-relationthip relation M over & (DERR).

Definition 9: A determinisile  entity-relationship  modet
(DERM) is defined a3 a collection of deterministic entity-rela-,
tionship relations: otherwise, [t 18 @ sondeterminitic anlity-
relasignship model (NERM).

In the sequel, we chall use the term, cntlty-ulltmnsh{p rels-
tioa, if the nondeterminism and determinism are not needed -
1o clarify. )

it also should be noted that the entitycelatlonship relation
M={E R V¥, F)cun be displayed In 2 table form, shown in
Fig. 3, which demonstrates information zbout cntitics in an
enlity set or information gbout relationships In a relationship
set. Lach row of velues is related to 3 reladonship, which is
indfeated by a proup of entities, each having a spesific rale and
belonging 10 a specific entity set. Each columnisrelated loa
value sl which, in turn, s related to an sttsibute. The order-
ing of rows {tuples) and columns fs Insignificant. The whole
tabie shown in Fig. 3 Js & deterministic entily relationship z¢la.
tiort, If each dislinet relationship has one and only one n]ua '
tupls, .
In Fig, 3, that both the relatlon names and the relnuon
scheme In the table are used for deseribing the structure of the
relation M = (£, R, V, F) ia called its Intention, which is static,”
That the relztions in the table are ured for denoting a sel of
tupies Liaving the appropriate structute, is calied its extension,
In this paper, we shall use the term relation scheme (o refer to
an intention, that Iy to refer to a structural description of an
entlty-relationship relalion, and the term relational schema o
refer to a eollection of intentions.

Lxample 4: The entily-relationship diagram shuwn in Fig. 2,
can be organized in & colleclion of table forms, thown in Figs.
4-6. They contain information about entities In the entily
sets, EMPLOYEE and pROJICCT, and information about relation-
ships between pwo ehtily sets, EMPCOYEE and PROJECT, in a
relationsliip set PROJ-EMP. In Fig. 6, the atlribules STARTING-
DATE and T~OF-TIME are the attributes which map the rela.
tionshipd of the relajionship set PROMEME into the value st |
MONTH X DAY X YeaR and %-ORTIME, réspectively.  They
are neither the antributes of EMPLOYES nor the attributes of
FROJECT, kluce their meznings depend on beth the einployée
and projecis involved. '

In the remaining sectlon, we thall thow that both NERM 2nd
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DERM have the same strength to characterize the information
abou! eniities af & given entity set or the information abowt
relationships of 4 given relationship 581, Given any of thege
entities and relztjonships, the assoctated information can be
retrieved in an expat Form,

© Definirion {0 Tel £ be an endity se1. Let RQ I & bo
a relationship set over 3 collection of enlity sens £, | S1<A,
Let F={FF C{EVR} %I, Vf;* 1S/ 1<y} bea
kel ufattnbum Let & @ {7, 85, - Fpll Sn} boea subset
of F, . .

Then, for any € in £, the operator K of an entity ¢ la defined
a

K(ey= {FL.Fa, o FoHe) .
= (F1{e), Fale), - Fn (D)

" {(31 J¥aost L xg )% €F{8) and

E}"‘l P_',j..lm"ﬁr'g}.

Let 7 be a relationshlp <e; , €5, &y > in R, T?ladﬂ;;ﬂﬁ»
for K of a relationship.r. s dslined.as :

K@)y={F . Faye o Faln)
= (F\ (), Fa ()i Fa b))

X EF ) and

¥ - ' %
ET ¥, 1%wisnl. "
firasi<i

_ Deflnition I1: Lel M = (£, R,'V,'F) te an eatity-telatlon-
ship relation, Let x be a tuple {x,, %4, " *,X,;). We say that
the tuple x, an Information of an entity ¢ in the entily st £

=y xg

(or an information of & relationship r in the relationship sat °

R), can be derived from M if.Fm {F,, By, -+, Fr} is the sat
of attributes of M such that x EF(e) (orx EF()) is.in M.

Definirion I2; Consider -two entity-relatlonship :relationa
Mo (£, R V.FYandM' (R, V. E), where E={E,11 R
isn}and £ = {£}}! S1€m]}. LHSCENE!, (IR and R’
are not emply, then let R;SK H?_.E}. where | 4 751,
E}EE and ﬁjf S and et R ;’]5' KIHHﬂj, Wrﬂﬂ']*‘ﬁ"
m E;EE IﬂdEjﬁﬁ.—}

Wa say that M preserves N’ undersS. 11‘ and only if any infm- .

mallon {x,, X2, . X} of £ In S, lhat can be derived from
AM', can alyo be detived [rom M, wheee ) € £ |F], 1 i:kf-:
IF'I.mdx, €M1, ¥, and x,-€ TN}, V; VL, € V.and V) E

We say thal Af nmngi’y presema: M unders if nnﬂmif iI !h'
prescrves M unde: S and M’ alsp preserves M undersS,

Let D= (MM = (£, R, ¥, F) ts an entity telationship els-
tion} and O° = {M'|M' =.(£', R V'.F’) is an entity:oelatlon-
*ship relation} be the entity aelatignship-models, (LatSs {ﬁ"l
for every M ={(E, 0, ¥ F) mﬂtnﬂﬂf = (0, ¥ FY D',
§'CENE, of for every M=(E, 11, £, V. F)and M'= (£,
ML EL V' F'Y 8" G (&1 -:;-:p} g {mn < isgll We
say that the model D presorves the.model D' under S if ard
only if, for every entityselationthip relation i 'in D, there
corresponds seme entity-relatinnshipaslation 4 jn sugh:that

M peesarves M’ undar §°,

We elso say that the mode! 2 strongly pretarves the modal
D" under S il and only if D preservs 2’ wnder S, and D' pre-
seives B under 5.

[t should be noted that, in modals.D pad.D", S s collection
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of subsets of entity sets of relatlons in D and D7, or a collec-
tion of subsats of Involved entily scts in the relationsiip sels
in £ ynd D'

Theorern 1- Let M=(E, R, ¥, Fybe a NERR, There cor-
rzsponds a DERR M' = (£, R', ¥, F") such that M" strongly
preserves M under £ W R. The converse also holds,

Proof: For every £y QR X 114 V‘I in M, create arbitrarily
an entity set E} such that £} and H,.,V is cne-lo-one ¢orre-
spanding, Then, let R' G R X I'[‘,.l 'Eunslruct F 'R J-C
II; 5LV, as follows, Whenever rEé Firy={F, Fy,-,
Fp b ()= {(xy, 53,0~ -xm}lxtEnjq i 1 Si<m}is inM
L'mn far cach {x;, xq,+" ,x,,,}EF(r}, we have <r, x;, x7,

X > ER F{<p, F1u Xz, T PRI SRR - B
X is d:ﬁncd by FiCR'X l'l,_, V,‘, for | KIS m, and F(<r,
X1, X3, ' X :?J-{I.ls F:Il m}({r xllxi:r s
Koy ) -{.n ( Xy, Xy )is in M, C]eariy,!‘; R'=I1ji, Py
and M' strongly preserves M under R. Fram the definitions,
the converss also holds.

Coroflary I The NERM and DERM have the same strength
io characierizs the same informatlon about entities of 3 collec-
tion of entity sets or the same information about relationships
of 1 callection of relationship seta.

Fracf: 1t follows ltory the delinitions and Theorem 1.

in the endty-relalionship appreach to the logleal database
design, one of the major steps |2] is to identify the properties
¢i entitles and relationships, whiclh are of Interest to the enter-
prise. That is, we wish to identify attributes and value types
for the enlities and relsionships., In order 10 reduce Lhe
amounl of redundaney In the slered data and to minimize the
problem of inconsistency in the siored data, the functional
altribuies are desired. Flowever, in the process of lopgiczl data-
base design, it becomes difficult to design a database if we are
allowed 10 use only functional altribules. By Theorem @, we
can use relatiana] atirlbutes and value 1ypes to identify the
pioperties of entities and retationships, and then we transfom
these relavional atiributes ints functional attributes,

[Il. ENTITY AND RELATIGNSHIP RELATIONS

In this ssction, we shall idenlify an entityrelationship rela-
tien into one of the four types: a regular or weak entity rela.
tion, or 2 regular ‘or weak relationship relation.  They are
ditfesent from the eatlty-relationship relstion in the sense that
they identily the #ntities or relatioaships of the rnuly-ula-
lionship relation by values, which are ¢lements nfn Cartesian
product of value sets or elemenis ol & value set.

In Scctlon 11, we have deflned the operator X of an entity ¢
and the operator X of a relationship r, We extend the operzior
Kintoasct operzlor (X, Xz, -, K }ieach £, contains a set
of atiributes /7.

Definition 130 Loy £ be an entity set. Let £y = {P_. H<is
mt be a ¢ollection of cnlity scls, where, 1 iy, Lt:l RC
'1;_,&‘, be a relalionship set.

{

i = {hmiﬂm CLEURIX I, 1 IKISt Letk, =
{"klll .‘Il v

CF L 1GISE LK e (K, K Kl
- Then, for any <r,, ry,*

L hrER wleter, EFUR, He
s operator X of @ relationghip <ry ry, < o0 1> s defined recur-
sively as lollows:

Let RGITL, (FURY. Let -

KAr) = (Fy B oo F M) Torevery 1KI<,
o ' . m
Ki{r;)  Bsundefined for t <i#f<t, 2)
and . |
K{<ryyra, o n>)e (K, KL K .
A<r, 2 )
s Ky (<ruity e ),
Ky(<ry,ra, o>,
K (<m0 -
s (K (). Kalra), o K rd). Q)

Definition 14: Lat M=(E, R, F, F) bt an eatlty-relation-
ship relation, where £= {£,(1 ﬂ'.rl:n] RCIILE 1<n,
andifn=1,the R = ¢, and £ = {{IF; C {E, UR}X TV,
1<y, <pl. Then K, a subset of F, B a superkey of AT, lor
every rand r' in E, UR, r#r" ifand only IT K () # K{'), a.nd
bath K (r) and X {r") are singleton sets,

In particular, il £ is an entity set (1.e., R Is empty), then F=
{FIF CEX M} Vip 1 S ¥ < p} Thenx asmbsstof £ 52
superkey of M if, fnr every £ and £ in E, e ¢' ifand oaly if -
K(e)# K(e'), and both X () and K{(¢'} are singleton sets,

The set X Is a key of M If L is 2 minimal superkey. K i3 the
primary key of M if the minimal superkey & is salacted us key
ol Af,

Clearly, an entlty-relationship relation M can have many
Keys. A superkey of M 15 any set of attributes in Af that can.
lains a key of M. Every key is aiso a superkey. Furthermore,
if M is 2 deterministic entitycelationship eelalion, then X, a
subset of F, iz s superkey of M if, forevery rand r' In £, UR,
r# " if and only if X(r)} % K ('), and both K{#) and X{r') are
slnglcmn sels. '

* Based on the methods of ldentifying entitles of rehtion
shipa, the entity-relationship relations can be identified Into
four types. Without loss of geacrality, let X and F be di:jumt
seiy of ateributes.

Definition 15: Let En {e;]l 1% &} be g countable enlit_-,r
set. A nondeterministic regular entity relation (NRER)M grer
E is defined as Mg = (K, R, V, Fy where R=¢, V= {V11 &
f & m} isacollection of value sets, K = {F), Fy,-- -, FplFiC
EX T ¥, Fi s notin £, | €¢% n) is the primary key, and
F= {Fj| for every | Sk, Fy CK(E)X I}, Vip | <yl is
the sat of the aLizibutes.

Definitign 16: In Mg, if F= {Fi| for every | SISk, Fi -
K(EY~+TI78 v, 1 Su} is the set of {functional) attributes,
then Mg is sajé to be a detenninisfic regular entity relation
(DRER}Af over £,

Definition 17: Lel E'= {E|1 %1% a} be a colleation of
countable eatity 3¢1s. Let &' £ be 3 countable enlity se1.
Lel £ be the primary keys of the invalved entittes £;. A ron:
deterministic weak entity relavion (NWER} M over £ and E'
is defined as Mg g = (K, R, V, F)where RE NI, E; X E s
a relationship set over £ and £, F= {F;|1 i< m} is 2 col-
lection of value sets, K= (K, Ky, K, Fi. Far o+ Ryl
I Sin, 1 KaSk, & CEXIT, Vi where 1< 0 and
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v, ne., V.t <p, forsome V, € Vand FL, C SIS ¥op
Vﬂnl € P} in the primvary key, and F= {Fller1<igg, F; C
ER) XTIV, ¢ <y} s the set ol attributes,

Dofivition 13: In Mg g, il F={F| for 1<i<q, Fp:
NI R Y ’;_,, ! & o} o the set of atlrbules, then Me g i
w3id 1o be a drterministic weak endity rolation (PWER) M over
Eumd E', -

Deginition 19: Let = (£l <i<n} be 3 collection of
countable entity sets. Let & be the primary keys of the in.
volved entities in the entity sct E;. Then g novdeterministic
reqular relationship refarion (NRRR) Af over E i3 defined o3
Mg (X, R, V, Fywhere R C [T}, E; is a relatlonship set over
E, V= (V|1 &1y} Is 2 set of value sets, K = {K,, Ky, "+,
K1 <n, L SiSn, K QE XTIV, whee | <o and
v, 112, ¥,, 1 < pand lor some V, € &} 15 e primary key,
and E={F for 1 &Ik, RCKRXIGL P, 1<0} 18
the set af attributes,

Definition 20: In Mg, \fF={Flloc 1K{Kk Ft K(R)~
Ui, Vip L < W} is the set of attributes, then Mz s aid 1o be a
dotcrnnnistic regtilyr refaticnship refation (DRRRYM gver E.

Definition 24: Let Ew {E|\ Kikn) snd £'= (£} | I
m} be disjoint collections of entily sets. Let K| be the'pri-
maty keys of 1he involved enlities in £, Let X, be the primary
keys of the fnvolved entlties in By, Then a nondeterministic
weuk relationhip refation (NWRR) M over E and E' is defined
asMg g =(K,R, ¥, F), where R CTLL E X (T £y ds 2 rela
tionship st over £ and £', ¥ = {V,|1 /< v} is a collection

Cof value sels, K= (K1, K5 Ko K Ky K 1L m,

1<n, for l Seam, Ky CEL X T AV, where | €, and
Vo, =G ¥q. 1 Kp and Vo €F, and "ur 1<1%n, K, G
£ % T, Vyp where 1 €u, and V, =, Vg, 1 <p and
Vo €V} is the primary key, and F = {Fjjfor 1 i<k, Fi €
H?R] X T3, ¥y, ) Su) i the seu of autribuies,

= DefThition 25: In Mg g, if Fe{F} for | SISk, £
KR}y ﬁj’i. V,.,. | <o} ia the set of sttribules, then Mg g+ s
s 10 be g deierministic weak relationship refaiion (DWRE)
Mover Eand E°.

Evample 50 Flgs. 7-13 demonstrals the lable forma of the
regular enlity, weak entity, regular relationship, and weak cela-
tipnship relations. This design of table forms does provide Lo
the users 2 clatlty, simplicity, and unity of the cancepts and
the strizcture of the entity-relationship relations,

In Fig. 9, the involved cniities in the regular relatlonship
relation are 1epresented by thelr primary keys, £MPI10 and
PHO-ID of thelr regular entily relaliong, EMPLOYEE-RECORD,

and PROIECT-IHFORMATION, respectively., The rale names

provide Lhe semantic meaning {ar the valees In the ¢orrespond.
ing calumng. In the regular entity relation CHILDREN-RECORD,
shown in Fig. 1}, the dependents are identified by thelr chil-
dren tdentificalion, cHILD-TD; NAME and AGE are attributes of
the dependents.  But, the appearance of EMPLOVEE-RECORD
alliliated with the CHILDAEN-RECORD indicates thal the exis-
tence of the eniity set CHILDREN depends on EMPLOYEE.
lHowever, since this exlsicnce relatlonship of the entity sets
EMPLOYEE aild CHILDREN without any identifcadon pur-
pose, it must be represented in & 1able form givea in Fig. 10,
and dues nol have any attribute and value. In the relatjon
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Fig. 9. A nenderecministic reguias relationship relalion,” B4PLOYER-ON-
« FECUECT.
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Fig. 10. A deterministic regular relationsbup relaiion, 3XETENCE-DEFEN-
DENCY-IMP-CHILD, ' :

PARENTS-RECORD, shown In Fig. 12, the parents nre identified
by their ngmes and by 1he vaiues of the primary key of the
emplayees supporiing them. Therefore, the appearance of the
EMPLOYEE-RECORD affiliated with the paARENTS-RECGRD in-
dicatex the exisience and ldentification dependencies of the
entity sel paRENTS 00 anclher entily #¢t EMPLOYEE. PHOME-
NO is the only attribuis of the parents. Fig. 13 is 2 weak rela-

ticnship relation, In which, YEAR-OF-MARRIAGE Is an atiribute '

of the relaticnship set MARRIAGE over the enlity 32t PARENTS,
Each of the relatienships is Identilied by the NAME of FATHER
and NAME of MoTHeR and their children's £y piD supporting
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Fig. 11, A detzzministic regular entiy relation, chitpape-ypcoan. The
table alsn shows the cxislence dependaney of CHILDARN on FMFLOTEE
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Fig. 12, A deatrministic weak sp0ly relation, FARENTS-XFCORD. The able
also shows the exicence and identiftcation dependencies of PARENTS
on EMPLOYLE
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Fig. 13. A dererminigiic weak relalionship relation, FARENTS-NARRIADN-
RECORDL The lable also thows the cxistente and ideotificalion depen-
dencies of PARENTI an EMPLOYER,

them. The appearance of EMPLOYEE-KECORD affiliated with
the PARENTS-RECORD 2lso indicales the existence and identi-
ficalion dependincies of the entliy st PARENTS on another
£nlity set EMPLOYLEE.

In cenclusien, thers corresponds a r:latmn {of rable farm)
for tevery entity set or relutionship set in the entiiy relation-
ship diagram. For any entily 1 £7, the identiGeaion of the
entitics in £ is dependent on another entity set £ if and only
" the refation for the entity sel £ s a weak entity relatlon in

Lich the primary key is the combination of the primary key
in the relation for 47 and an attribute (or possibly a 21 of at-
ribules) in e relalon for £ Furtliennoe, if there is a rela-
fionslip st A over 1he enlity set £ and othea, then the
relation for the relilinnship set & s a weak relationship rela-

1
1

tlon, &nd wice versy. Otherwise, the lation for zny entlty
set or any relationship set is a regular entity tetatin or a reg'u
lar relationship relation, respectively.

Definition 23: A deterministic em.*ry-rdaﬁonsh!p mad:.l D
is defined 13 D = {#1) for every M, M it one of the dererministic”
1ypes: & regular or weak entity relation, or a regular or wetk

" rolationship relation}, In D,if one of the relations is nondeter-

minislic, then D it kaid to be o nondeterministic entity+elo-
Honship model.

Definiifon 24: Let M = (K, R, ¥, F) be one of the regular or
weak relatlon, or regular or weak relationship relation. L[t x
be a tuple (x;,x;, - ", x,). Wesay that the tuple x, an infor-
mation of g glven k, which is a value of the primary key X, can.
be derived from M i F={F,, F;, -+ Fp} B tha et ﬁfmrl:'
butes of M such that x € F(k) is in M.

Note that & it either 2 value In Vj, Tor some Vi in V, or 2
tuple in I15, ¥}, for Vi in V, and & represents uniquely n
entity or a relationship, respectivel y.

Definition 25: Cumldcr 1wo retatatlons: M=(X, R, V. F}

and M' = (K', R', V', F') which are ano of the types: z regular
or weak entity mlaliun. oc & regular or weak relationship rels-
ten. Ll SCX MK’ We say that M preserves M under 8 if
and only If any information {¥,, Xz, ", xg) of 1, which [s &
value of §, that can be derived from M, an also be derived
from A, whepe 1 Sk < |F|and 1 Sk & [F'f, and x; €TV,
and x; €11, V;_;* Vi in ¥ and Piin P, We sy that J'nf
srronigly preserves M under 5 if and only if M preserves M’
under 5, and M’ preserves A undar 5.
" Similady, we say that the model I preserves the model D'
under 5= {§')S" CX N K}, if and only if for every relation
M=K RV, F)In D’ there corresponds same relatlon
M=K, R, V¥, FYinD such that M preserves M under §' in 5.

-We zlso say Lhat the model D .H'Tangfy preserves the model
D" under 5 if and only if O preserves D' under § snd D pre-
eerves D under 8.

It should be noted that, In the relations M and M', 5 s a
subset of K, where X Js5 described by a group of attributes that .
arc uied to identify uniquely entities in the enty set, or rela-
tionships in the relationship set. 1 i3 zn atiribuie value, which .
is an element of a Cartesian product of value sets or simply 2
vilue s21, For the model D and D°, § i3 o collection of atir-
bute sets §°; each attribute set 5" is a subset of K and XK.

V. RELATIONSHIF BETWEEN ENTITY (RELATIONSHIP)
RELATION AND ENTITY-RELATIONSIHP RELATION

in this section, we shall show that the entityzelatlonship
relatlony can be transiated exacily into relations of the user
sciieria, We shall demonsteate the Tzt that each mple of any -
entity-relationship relalion ¢an be uniquely ldentified by sume
primary keys. Basically, any eatlly key is a group of atttibutes
such that the fiapping fram the entity set onto the correspond.
ing group of value sels Is one-to-one. 1f we cannet find such
2' one-to-one mapping on available data, or if ximplicity in °
identifying entilics v desired, we may define 2n artiﬁcal at-
tributte and a value set so Uhat such mapping i possibly de-
fined. [n the case where several keys exist, we usually choose .
a seimantically meanitigfu! key as the entity primary key.
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I certain cases, e EECs e an entily set cannef he
uhijuely identified by the valoes of their own athibutes; then
wa Nust use o relutionship{s) raidentify themn, Theoretleally,
riany hinds of relationships may be used w ideanily englies,

e method of idenetication of entitjes by relatlonships with
allier entitics can be applicd ecusively undil die enbilles
whivh can be ldentified by their own zliridures’ values are
tzached. Thercfore, we have 1wo forms af enhity relations. If
relullenships are vsed for identifying (he entilics, we shali call
it wezk entity relition, 10 relaionghips are not used lor {den-
tifying e entjlies, we shall call it a regular entily relation,

Sinee 2 relallonship is (deniified by the involved extitizs, the
primary key of a relaticnship can be represented by the pri-
wary keys of the bivolved ennties, We alsa have two forms of
relatlonship relatlons.  If alf entitles In the r:lntinns]ﬁp are
wentificd by thelr own atlributes' values, we shalf eall it o
eagular relationship relation, Ifsomeentitlesin the relafionship

arz identified by other relaifonships, we shall call it 2 weak:

rg!a:imlship reletlon. Thus, we state the following.
Theorem 2: For any entity-relationship relation M = {E, R,

B F), there corresponds a.regular or wegk enlity relation, or .

J :n.gul.nr or weak relationship relafon M = (X R', ¥, £ such
that ' sirongly preserves Af under K (8 U R), tha identifica.
tivn of entities or relationships. The converse is Lrue.

Froof: Let Mg g = (K, R, V., F) be a weak relationship
telution over £ and &', Then, we can construct an snptity-
relatiomship relutlon Aff ={(E”, R’, ¥V, F') as follows. Let ¢,
bc:mpl:.{e;,r;,-“.e:ﬂ.t,.f;.-".fﬂ}inﬂ"x.ﬁ', Latt,
boatuple (2,22, ", Ly X1 0 X2, Xg) In T102, TT, Vi, X
!I,,,H,,, Vs whcrc Fippand V, arein ¥, For cach K{ry) >

Twe have £" = (EtT <i<aU{E1 <j<m} sch that
: EFI for | «F ":mandx;Ef:;.ﬁ:-r l ‘:f{n and 1y ER' ¢
H‘".L;XH;_.:&,— TE B CRXN Y IKISE TS
4, such that for every £, F1& Iy, € F, (1)) where K (7, ) =
£; is defined by F; CX(R) X ;i ¥, if and only il y E Pi(t;)
is deflned by Fju (Pl ‘:.l"':n.ﬁ:gﬁ"}( I v, 1<y
sich thut Pi{t) = x €11, ¥, 1 and only if x; EK;{E;] for
E;EE‘; and K(ty)= ¢}, For i ﬂif{n K= {F |l <j<al,

{F”ln‘.; ‘-‘Zn P; CR' X 1., ¥V;, such tdal Pi(t:)=

l:-’f.* Fiy) Xgopr ' i YE T V,a‘r. where

i II,_I r Il" unr.l only Ilt' X EK{e)m {QF, Fp
F; , £y Fr Hep), and K{e ) = 1;1. Cle:rly, M L-. an
cnmy r¢|:|nonsh1p relation guch that Af' sirongly prescrves
M ounder XK{R). Simllarly, it can be shown in the sime man.
nze that the other types of relations can be 1rznsformed into
entity-relationship reizrigns, withou! loss of infonnation. And
53 is the converse,

Corvitary 2: For any entity-relationship model D, there cor-
[EapoIuds D', which containg 4 collection of relations 4, each
deseribed by one of the types: 8 regular or weak entlly rela-
non, of a regular or weak relationship relation such that D°
strongly preserves /) under the collection of pnm-‘uy' kecys

(£ R} The cunverse if Lrua,

Frouf: It iollows (rom Theorem 2.

Corofiary 3: Far any NERR M =(E, R, ¥, F), theta corre-
:.pf:unds a DRER, DWER, DRRRR, or DWRR Af" = (X, &', ¥,
£y such that M7 strongly preserves Af under K {E U "). The
converse Is trus. .

Frovfs In e preol of Theorem 2, 1 can be shown that
the'set of wltributes is indeed a set of fungtivns,

Coroflary 4: Fur any NRER, SWER, NRRR, or NWRR A=
(K, R, ¥, F), there currespuads a DERR A = (€7, R, V' F')
such that M* sirongly preserves Af under K(EUR) or FUR.
'lhr: culiverse js Liug,

Prugf: tn the proof of Thearem 2, it can be shown thal
the set of attributes thal we have consirueted for the NERR
are functjons, -

At this polnt, we can summarize out reselts, which we liave
accomglished, in lem:s of the following graph. Let M and A,
respoclively, be a nondetermindsiic and a determinisuls rela-
tion, cach deseribed by coe of the types: a regular or weak
relation, or a regular or weak relationshlp relation. Let Fand
& be a NERR and DERR, respeciively. Let A -+ N denote
that M van be transformed Into ¥ such that ¥ strongly pre-
serves Af under K{f U &), where K Js used to identily uniguely
cntilics | the sniity 8t £ or uhtlnmh.ipa In the relatlonship
iR,

P M
" —-Se————
enterprise-user uter schema
schema .
}
—
0 N
. —— e —_— i

¥, THE ENTITY-RELATIQNSIP MODELS VERSUS
OTHER DaATaA MODELS

In Iz] [31,[13], 1he usc of an eniity-relatlonship diagram
is fully explained, along with rules and examples for tranda-
ticn inta hierarchical or network structures, la this section,
we shall modify the mzjor steps in togical dalabase design using
the entity-retationship approzch in [3], [14). The modifled
steps in logical datobase design can be used to derive entity-
relaticnship relations that correspond equivalently to INF
relations of the relationzl model. Hence, the use of enthiy-
relattonship diagram for (ransixiing into JNF relations sup-
ported by the relational database sysiem can be realized.” |

In the yelational model, 10 illustrale iransitive dependency,
consider 3 sefation scheme § concerning information about

“employees, departments where Lhey work, and the nature of

Lthe work within the deparunent [2].

JIER EN JC, Dt M# CT) where
I'4# = employee identiflcation |1umhcr
EN = employee name,
' JC = employee joh coda,
D# = depatiment number ol ¢employee,
Mt = identiflcation nunber of deparimenl manager, and
CT = conlract type { government oz nengovernment),

In the description of the database application, the functional
relationships amoug application atlributes are given as follows.
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Each cmployee is given only one job code and s assigned to
" only one department, Fach depariment haz its own manager
and is involved in work on either governmenl or neNEOveIn-
enl conlracts, not both, The nontrivial functional depen-
dencies in § are as shown in Fig. 14 (ihe nondependencies ara
implied}. Cleatly, 5 Is not in 3AF,

Uking the procesi of further normalization, the relation
scheme § ¢can be converled to 2 relational schema containing
S1(E#, EN, JC, D#) and S2{D#  M#, CT), which are in
ANF. In addition, no essential inlormation has been loat, since
at any Lime, the original relations can be recovered by taking
the natural join 51 and 52 on D#,

Using the entity-relatlonship approach to the loglesl dsia.
base design, without further considerations, we might define
the enterprise schema for &, in 1erms of an entily-relalionship
diagram for eMP (employee) which is given in Fig. 15, and
theén translate this enterprise schema inta & user schemas, de.
scribed by the regular endty relatlon mme, which {5 given in
Fig. 16. Clearly, all the undesirabls anomatics, 1hal can be
creuted by Ingertion, updating, and deletion of an tuple in the
relzlion scheme 5, can elsa Ocour in the tegular entily relation
FMP. To eliminate 1aese probiems, the relatlon scheme § must
be pul inte 3AF. That is, the relutlon seheme § must satisly
the property: every nonkey attribule is fully functionally znd
. nontransitively dependent on the primaty key. In 1he regular
entity relatien, EMP of Ure ERD for Exik, the atiributes which
mup from E§ inte thelr own value sa1s, are functional, The
daterminisin of entily.relytianship relatlons, daseribed by the
types: the regular or weak entity relatiens, or the regular or
weak relalionship relations, do not guarantee that the entity-
relationship refations ean overcome all anomalies wilh respect
to siorege cperations. However, {n Fig, 15, the enuy-telation-
ship diagram for EMP dags not capture all the given semantica,

namely, the given description of the dalabase applicziion in -

the seal world. For inslance, 1t does not include the fact that
“each department has jis own manager and is involved |n work
en either government or néngovernment contracts, not both,™
In conformity to the given descripliun of Lhe database appli-
cation, 1 number of direcied edges can be added deliberately
1o the value sets in the enlity-relationship dizgram for Eme.
However, the obtained diagram glven in Fig. 17 is no longer an
entity-retatlonship diagram.

In ordec 1o conflform to the semantics “each department has
its own manager and js involved in work on either governmens
or NORgovernment coniracls, not bulth,” and ro preserve Lhe
properly of an entllyrelutionship diagram, a retaronship set

OUFT-MANAGER mugt be created, The relationship set 13 a-

one-ig-one mapping defined on iwo entily se1s DepT and enp,
The relatianship set has o functional atiribute INVOLVED-
FROTYIE, which maps relativnships of the relativnship se
DEFT-MANAUER into a vulue set OF (contract (ype). Tn Fig.
18, the entity-retativnshlp dingrany does conlurim 1o the fune-
jonal dependencies, given in Fig. 14, 1t should be nuled that
the relationghip sel DEPT-EME 35 3 guedo-many mapping de-
fined on (wo entity sely vEPT and cae; Thit construct justifies
the Tuct dmt vreT s funclionally dependent on Eme.  The
atiribute [NVOLVED-PROITYPE maps functionalty relatien-
thips }:nl' the relationship sel DEFT-EMP itlo the vatue w01 T

93

=l

Fig. 14. Exampic of stveral irznailive dependencies.

Fig. 15. An entity-relationship disgram for EWe, whirs enp-10 ia the pri-
mery key, o, B, 0, p, x, and x denoie EmiD, IME-NAKE, MIRCODF, His~
DEFT-HO, N-DEFT-MAKATER, ROd HA-wOrL XO-#AOFTYFE, FESPELtively.
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Filg. I7. A diagram conformable Lo the functiona] dependencel givea

in Fig. 14,
=

I, Yirde

FRLI-TTRE a

N 2

Fig 18 An mh{j-rthtmmmp dingram coodttning information & boul
InF afad DEFT.

The construct alse conforms Lo the fact that £T s functionally
dependent on 35T and i iransitively dependent on rmr
Howevez, the atiribute INVOLVED-FROMTYPE, which mups
functionally retziluaships in the relfalienship ot DEIT-EMr
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Fig. 19, Ao enlity-relatinnship diagram concerning information ‘about
EMP aned DEFE,

b

o+

Into the value set €7, is redundan! becausa of the existence of
the ztiribute INVOLYEDR-PROJ-TYPE which also maps func.
tiopally relationships in the relztionship set DEPT-MANAGER.
The existence of the attribute )INYOLVED-FROI-TYPE Mmapping
relationships in the relationship set DEPT-MANAGER inlp the
valug set CF implies that O Is transitlvely dependent on EMP
(because CT is functionally dependent on bEPT, and DEPT is
functionally dependent on Emp) [4], (5]. The eliminalion of
the redundant altribule INVOLYED-PRONTYFE ylelds the
entity-relationship diagram as shown in Fig, 19, which con-
forms to the given semantics of the real world. Figs. 20-22
illustrzie the transtation Trom the entity zelationship diagram
given tn Fia. 19 Into & user schema,

Several prablems will ardse Nrum this construct.

1) In Eliminating the Redundant Relationship Sety: With-
oul loss of generalily, Ist the enlity se1 EMPLOYEE be parti-
tioned Into two entity sets EM?' and MEMP, containing non-
neinagerial and managerial ensplovees, respectively. Then, a3
shown In Fig. 23, ereate three relarjonship s#is DEPT-EMP,
DEFT-MANAGER, 8nd EMP-#ANAGER deflped on the enlity
sets DEPT and EMP, the entity sels DEPT and MEwP, and the
entity sets EMF and MEME, respectively, This construct justl
fies the facts that DEeT ix functionally dependent on Eme’
(employee), that DEPT is functionally dependent oo MEMP
{manager}, and vice verss, and that MEMP [t funciionaily de.
pendent on eMp’, That is, this entity-relationship dizgram cani-
forms to the given semantics of the 22l world: "[Cach em-
ployee is assigned to only one depariment, Each depariment
has its own manager...." However, the existence of the
telationship sel EMP-MANAGEW defined on the entity et
estr’ and MEMP s cedundant, because the funcrional depen-
dencies of CEFT on EmP and of MEMP on DEPT imply the
functional dependency of MEMP on EMP', Furthermore, Lhe
diagrain shown ln Fig, 23 13 equivalent to the eatity-relation-
ehip diagram shown in Flg. 24, which is gbtained by cgmbin-
ing the sntity sets MEMP and EmP into EMp, The elimination
of the rclationsh-p s¢: EMP-MANAGER [rom both diagrams
does not delete iny semantic jnformation from the orlgiual
disgrams. Thus, in the entity-relationship dizgram shown in
Fig. 19, the funclieas! dependency of MAMAGER on EmP
(nenmanagerial e playee) is implicitly defined. Thus, the
claim that the existence of 1ho artribute INVOLYED-FROI-

TYPR nigpping ruationships in the relationthip set pErT- |
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MANAGER intp the value se| CT implies that &T Btmnﬁtlvdy
dependent on My, is valid. )

[1 should be noted thai, In Figs. 23 and 24, Insiead of :he
rtlatignship set EMP-MANAGER, the slimination of the rela.
livnship set DEPT-kmP also does not deleta any semantic
informatien from the ocriginal diagrams. However, the ellmi-
ralion of the relalipnship set DEPT-MANAGER from the dis-
gramy will destroy, in lun, the given semantic information:
“gach department has its own maneger . ..." [n the reality,
the lmplication of functional dependence from others Is not
quile obvicus, especially, if a very large s2t of Junciional de-
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Fig. 1. An entity-relaticrship disgram.

pendencies i3 considered, and the criterfa for determining
which of the redundant relatlonship set is to be eliminated
wilhout modifying any given semantic informstien, iy non-
trbvial.

[n order to sllow an adduiunal Mustration of Mull functional
dependency, the deseription which conerns employees, Lhelr
shills and skill levels [10] which is shown in Fig. 25, is added
10 the description of S which is given in Fig. 14. Fig. 25 1epre-
sents the semanti¢ information. “An employes may hold
severs] skills {represented by the skill number S# and its akill
name S¥) end # particular skill may be held by several em.
ployees. A parlicular employee has different skili levels {repre-
sented by SL) for the skills he holds. A particular skii is held
by several employess each of whem may have o dilferent skill
level for the skl in question.™ It is clear that SL iz fully func-
tlonally dependent on the concalenated key £ .5%. Asshown
in Fig. 28, by creating the relationship s2t EMP-SKILL, the fully
- functlonal dependency of SL on £4.5# can be exprened
¢aacily and implicitly In the entity1elationship diagram. For
the diagram shown In Fig. 26, the l:mr:spnndlng relations are
glven in Figy. 27 and 28,

2) in Constructing the User Schema in Third Normal Form.
Consider the regular relationship relation DEPT-MANAGER,
The correspanding relation scheme {in the relational model) is
J2( s, M# CT), in which only D# or A%, bul nat both, i
1o be selected as the primary key because of (he Guct that the
mapping between DEPT-NO/DUPARTMENT and EMP-iDfMAN.
AGER i5 2 pne-lo-gne ¢orrespondence [L10]. This is one of the
mzjor reasons thal the atiribute INVOLVED-PROJTYPE which
maps relationships inta the value 3¢t CT is kepl away [tom
the eliminattan. However, it is true that if both D and M#
are primary keys, Uie 82 is no longer a relation of third normal
form, because CT i3 not fully funcionally dependent on (D#,
. M#). That meany, the regular relationship relation DEFE.

MANAGER it not slmilar to a JNF relation, even if the map-

plng between DEFT-NO/DEPARTMENT and EMISIDfMANAGER
Iy one-to-many, many-1o-ong, of IRANY-10-Many.

Consider again the entity-relstionship diagram given in Fig.
19, in which the attribule (NVOLVEDPROLTYPE maps zela.
tionships in the relatfonship sel DEFT-MANAGER into the value
set €77 That means, each of the entity palrs of tlie entily sela
pEPT and EMPIMANAGER i3 involved in wotk on either govemn-
mien! or nongoverniment centracls, nol both. Since the rela-
tionzhips DEPE-MAHAGER aver the onlity sets DEFT and emef
MANAGER 3re onc-to-one corgspondence, in order to con-
form to the given semantic intermation, i sullices to defline
the atiribute INVOLVED-PROITYPE mapping the emtily” sl
DEPT intw 1he valus sel CT, a3 shuwn in Fig. 22, One of the
nnajor differences of this conuectivn of the value set CF o the
enlity se1 ewmr frow Lhas in Figs. 18 and 19 is 1hat the latter

BTG
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Fig. 26. An enliy-relationchip disgram.
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ronnections do not satisfy the fully functional dependency,
gnd, therefore, the probler that the regular relationship rela-

- tion DEFT-MANAGER is not In INF could be avoided. Fig. 30

I8 3 modifled regulac relationship telarion DEFPT-MAMAGER,"
which is {n 3¥F. As 3 matter of fact, it i3 & nantrivial problem
of deciding what are the value sets and atizibuies for the entity
or relationship scts from the given description of un applicatlen. -
For example, the value set CT and the atiribute ivvoLvED
FRO-TYPE 21t fssigned to the relationship set DEPT-MANAGER

i1 indeed an erroncous representation.

Summarily, the user schema in the cntitys«celationship model!
s shown in Figs, 20 and 21, Figs. 27 and 28, and Figs, 30 and
31 obyicusly are similar o INF relations In the selational
model, but 1he former relatlons have clearer represcntation,
and are oblained without uting 1he normalizalion operationy
[4]. [5], {9}, In ihe aormalization of the relatonal maodel,
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SU(ER, EN, JC, D), S2(DH, M#, CT), S3(E&, 54 SL),

and F4{S#, SN}, are the fewest possible number of 3MF rela.

tions |4], [5], [9]. Perhaps, the severe setback for the entlty.
relationship approgch s the tradeofi between the clearer
semantle cepresentation and the fewest possible number of
relzticny.

Conslder again thc dlagram given in Fig. 16. For the entity
set £MP, impliclly, the value set D# s funcilonally depen.
dent on E# (the primary key); but not vice versa, 1t is easy to
shaw that the nonkey value set CT is transitively dependent on
the primary key value set E#, However, such & transltive de-
pendency can be eliminated by introducing a relationship set
DEPT-EMP, 25 shown In Figs, 18,19, and 29, For cach of the
entjty 3¢1s EMP and DEPT and the relationshlp e DEPT-EMP
and DEPT-MANAGER, No transitjve dependency among valuc
s6ts I3 present. Therefore, the use of the entliy-relationship
approach s eliminaung the transitive dependency smong value
sets §8 more effectlve than tha normalization process for the
relational model, Furthermore, by the definition of stiribule,
the enlity-relationship dlagram always provides the fact that

each nonkey valuo cef is Tully functionally dcpend:nt on tha
primacy key's value set(s).

Now, we shall outline the major steps In the lugica] database
design using the entity-relationship approach, Given a descrip-
tion of an application for an enterprise, we intend to find a
“good" scliema thal describes the sructere of the correspond-
ing database. Unlortunately, the entity-relationship approach,

which we thall outline as follaws, s 3 heurisile appraach. -
addition, we are only considering the delerministic case, ror
the sake af gmphcity.

The entity-selatlonship approach to the lcsic.ﬂ databue
design cansists of Lhe following major steps.

1} Given a description of ant applicarion. The description of
a database application for an enterprise can be formulated g1 a
st of functional relationshipt among application attributes,
Whether the s=t of functional relationships among applicztion
attributes it complete, nunrcdund:nt and minlmal {41, (5] 1a
of no concerm.

2} fdentify entity sets. From the given description of an
applicatlon, identify all possible entity sets which are of in-
terest 10 the enterprise.

3) {dentify relailonship sets. Relationships ma:.r exist amiong
the entilles, and can be classifiad by the reladonship sets, Tn
general, there are mway relatlonships defined on entity seta,
where m is greater Lhan or equal to 1. Conformakble to the
given description of an application, identify all postible rela-
tionship sels and specify their types of mapplng (¢ £., ono-lo-

" one, ong-to-many, or many-to-many). Ellmmatu the redupdant -

relationship sets.

4} Drow on entity-relationship diogram wmh endity and rrh-
tionghip 1o,

5) Mentify vakie sets and attributes, From tha gven de.
scription of an applicatlon, ws may decide what are the value
sels and atirlbutes for the entity or relattonship sets. The
functional attdbutes, mapping from the entity of relaticnship

sets into the value sets or the Carteslan preduct of the value |

s¢ts must conform to some funclionsl dependencles among
application attribules. At the ead of this step, an entity tela-
tionship diagram with the entity ind relationshlp seis; the
value seis, and the attribuies are obtained,

5) fdentify primory keys fOr entity seis.

7) Check the entlryvelatiomskip diagram in conformity to
the description of the application. More specifically, does the
entity-selationship diagram include al! possible functional rela-
tionships among the value sets? [ the transitive dependency
among application sttrbutes “properly™
entity-relationshlp disgram? Is every nonkey atribute value
s21{t) noptransitively or {ully dependent on the primary key
value s21(1)? If the answer of any of these questions ia lruf
firmatlve, then go back to step 2),

8) Transiste the entity-reationship d.ﬁqgrnm lto endiy-

relationthip relations, These relatlony are described by any
ont of the deterministic types: the regular or weak eatity

'rnlutinn:, or the regular or weak relatlonship reletiona.

For any entity-relationship diagram, 1t 2lso can be translated
into dataatructure disgramy supported by the CGDASYL
{netwark) type dalabase system or hlerarchical structures sup-
ported by a hierarchical database system sych a3 [BM's (MS
[2] 1 [3] *

Although it can be translated into the relational schema wp-

ported by the relational database gystem, it would be easler to .

obtaln the relaticnal schema by trarsforming dizectly from’the

entity-relationship relations, described by the regular or weak -

entity relations, of the regular or weak relationship relattans.
It should be noted that i cne wants to change from one

represented in the '
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hondeterministic relation to a deterministlc -relation, one
would probably have (o change the enlerprise-user schema and
then regonstruct the user schema, since the enlerprise-user
schema u:mg the entity-relationship relallons and the enier-
prise schema using the entity-relattonship diagram are indepen-
dent of the primary koys, the unlque identification af entjties,
and relatlonships. The changes of the enlerprise-user schema
and enterprlse schema are onedc-ong corresponding, and,
thus, the conformity beatween the enterprlse schema and the
description of the reyl world can be checked.

%) Design record formays,

From oy discussion, clearly, we can siaie the following
theorem.

Theorem 3. For any entity-relationship relation M, described
by cne al the types: the regular or weak enrity relatinn, or the
repular or weak relationship relstion such that none of the
nonkey attribuce vafue set (or Cartesian product of value sets),
which ig fully dependent on the primary key value sz1(s), is
transitively depsndent or the primary key value setfs), then M
can be transformed Into a 3NF relation (in the relatfonal
model) that strongly preserves M under i pdmary keys,

¥I. PHY5ICAL REPRESENTATION OF Lm:-:m.
. SYHRUCTURES

" In this section, wa will discusy physical representation of
logical structures. [n the previous sections, we 2re concemed
with the way the dalabase administrator or those system
analysts whao see the emiire dotabase and the application pro-
prainmer vlaws of duta, Neither the entity-relationship dizgram
nor the comesponding relations reflects the way the data are
stored physically. In the sequel, we will be concerned with
how it i3 laid qut on the storage wnivs. That s, for a glven
overall view ol the data In terms of the schemas, how do we
represent Lhis overal logical organization physically.

Civen an cniity-telationship dizgram, it can be translated
inte a data-structure diagram 5], (6] by the lollowing rules.

1) For each of the emity (relationship) sets in Lhe enuty-
relationshlp diagram, there cotresponds an antity (relatlon-
ship) record type, called an cwner (member) recard type, in
the data-sirueture diagram.

2} For i:X binary relationships of a relationship set € de-
fined on (wo entity s¢13 A and 8, in ihe enlity-relationship
diagram, two directed links, one with double arrows and the
other wit]:l 2 zsingle arrow, are drawn fram the enlity record
1ypes A and B, respectively, 1o the relationship record 1ype .

For Af: N binary relationships, two directed {inks with double
arrows are Jrawn.

Likewise, for k-ary {k & 1) rclationships, the tame rules
apply.

3) IF the exisience and Jdentiffeation of @ enlity set & ore
dependent on anather enthy sel A in the eniity relationship
dlagram, then a path dependency from Lhe endty record type
A 1o the emiity record type & is created in the data-steag ture
diagram. The path depemdency c2n be represented by o di-
rectedd line with zingle or double artaws poinied 10 8 depend-
ing upen whether the inapping from the entity set A into the
entily sct 8 is of aoe of many agsecistions, respectively.

IM only the exlstence dependency of 2 an .1 veeurs, then e

' 7

path dependency can be represcnted by a bldirected lne,
which can Le obiained by 2dding a single arruw {pointed 10
A) on the other end of the directed kine.

Fig. 32 is a datasicuciure diagram which corresponds par-
tislly ta the entity-relatlonship diagram given in Fig, 1. The
slrecture demonstrates the M i relationship set £ and EMP-
CHILD on the enlity sets EMPLOYEE and CHILDREN, and the
M ¥ relntionship set £ and J (the existence and idendification
dependencies} an the entily set EMPLOYEE and PARENTS.

Clearly, the entity relationship model can be vsed 21 8 tool
In the siructured deslgn: of databases unng the neiwork models
[6). The user first draws an entity-relationship diagram and
then may sitnply translate it Into a data-liucture dlagram
using the rules specifisd shove.

[n the remaining sectlon, we will use the enﬂt;.r-n:llliumh.'ip

disgram shewn in Flg. 1 to demonsicate the design of the

record fonmalts, and the use of polnters for representing associ-
ations belwesn records or segments and 2sznciations belween

‘data.

In the courss of constructing the physical répresentation of
the entity-relationship dlagram, the ¢omesponding data-sisue-
tere diagram and the corresponding relations can be used as
major components of an Integrated desipn tool o assist in the
physical database desigh process. Howsver, It suffices to use

tha entity-relationship diagram andfar the corresponding rela-

tons whicl are described by one of the types given in the
previous sectlon as a design tool in deslgning 1the physical data-
base argavizailan. .
The daia-structure diagrem such ag thal in Fig. 32, can be
represented physically Lo a variety of ways. Figs. 33-35 Wu-
strate one of these ways, which invelves parent, child, twin,
end cousin pointers. Fig, 34 is 2 physical representation of the
datestructure diagram of the zecord types PROJ-EMP, EM-

PLOYEE, snd PROIECT, In the relatlonship record type PROJ- .

TYPE, Iwo parent pointers are used from each relstionship
record to thal record's parents, which are of entity record
types FUFLOYEE and PRODJECT,
pointers, the primary keys of each of the relationships can
be accessed directly from the entty record record types EM-
FLOYEE and PROJECT.

For the exislenge snd identification dependencies of the '

enlity sel PARENTS on the entily set EMPLOYEE, a5 shown jn
Flg. 34, arclatlonghip record type is used 10 represent physically
the existence dependency and a cousin pointer from each in-
stance of the entity record Lype PARENTS 1o Lhe instance of
the subordinate entity record iype is usad 10 represent the
identification dependency. That is, each instance of the entity
record type PARENTS I3 jdentified by the combination of the
primary keys, one from v EmpLOYEE and the other from
itsell, FARENTS, s shown in Fig. 12, 1T only the existence
depeadency ocgurs, then the coutin pointer will not be used,
In Fig. 33, all che instances of the relationship record 1ype
MARMAGH contaln two physical parent peinters. However,
both parent peinters of cach of the tnsiznees are poinling to
the differeat instances of the saine entity record Iype PARENTS,
since 1he relationship tot MARKIAGE is defined on a singleton
set, the cotity set PARENTS. Apain,cach of the relationships is
ilentificd Ly the combination of the primary keys, ang [rom

From these two parent
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Fig. 32. A lagleal data-w ructure which comespands partially to the entity-
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Fig. 1. A physical represzotation of the data-struciure disgram of the
record Lypes FAQJ-EmE, EMPLOYER, ATd PRAUECT,

/]
heiniilp 41 AT Bk
L 1l hY “:“
1 pobatad en
FREI=CYP == phyraloal oaeiyli
ALy Paiptae
Palpkad wm
[ L= B TR J
el . - L el
Falnied wq 4 Y ' :nlu'n;
I pa-cutia 5 B0 .
wnie . r. N I v
J
.IIII . frm PR -0
FREDNTH _ 1 %,
aaypEn -1 'l-..,____-:

Fig. 34. A physical represeniation of the dawn-rirociure diagram of the
recttd \ypes Eand [ (EMPLOVEE-FARBNTS), EMPLOYER, dnd FARENTY.

the entity sct EMPLOYEE and the other from iiself, PARENTS,
as shown in Fig. 13, the weak relatlonship relation PARENTS-
MARRIAGE-RECORD.

¥II. CoNCcLUustON

In this paper, we have defined formally the entltyrelation-
ship model in terms of the enlity.celationship diagram as the
enterprise schema, the enlty relationship relationg s the enter.
mise-user schema, and four types of relatfond a3 the user
schema. We have described the entity cetationship approach to
logical dalabase design. The fact that the nondeterministle

'
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Fig. 31 A phyrical rtprr.uu.ulmn of the da-atrucibn disgram oﬁh
mrﬂ typrn MALRtanE &nd FARLWDL,

and deterministic have the same strength 1o characterize infor-
matlon about the rezl world enhances the entilywelationship
approach because the database designer i3 not constrained by
the functional attritutes to identify the propertles of entitiea
and their relatlonships.

* The entuy-ulatiunshz;; appmach which provides an usy tu

understand yet comprehensive methodology for the legical
database design independent of storage and efficlency con-
siderations is to add 1o the logical databasa design process, an
intermediate stage between Information about enlities in the
real world and the user schema, the final product of the
PIocesa,

paper, we nave explosed that the entily+elationship dlagram
can be used as an effective tool in deseribing exactly and con-
ciszly the properties of entitles and their relationahips, in
elimipsting the redundant relslonships among the encities and
in construcilng the ut2r schema In thitd normal form withort
using the process of normalization. ln addition, we have
presented an improved table form of the relations as the user
schems to provide » clear, 2nd concise, and bettsr prganized
user's view of databases,
modily,

Finally, we hava demonsiraled ﬂ'.u: process of physical repn-
senilation of [ogical structures. The comstruction of the sound-
ness and completensss of an entity-relatlonship approach to
the logical database design requires further rescarch. [1 3sems

desirable that u heoretical study of propertles of ths model

ba conducted in Lthe framework of formalism,
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Mapping Considerations in the Design of Schemas
for the Relational Model |

SABAI AL-FEDAGHL AND PETER SCHEUERMANN

Abrirocy=The typical dedgn proces {or the relational datalase medel
deselops the concepiud scheme and gach of the zxrernal schenis sep-
srutely and independently fzom each other. This paper proposss B new
degign methodology (hat eonatrucls 1he conceptual schema i such 2
wiy that gverlappings ':m-_:ns exferndd sehemas xre icflected. IF the
overlappings of exlemal schemas do pul produce transitiviry nl the
coneeptual level, then with wur deslgn methud, the relatons in the ex-
tfernal schemad van be realized as n join ovet (ndependenl compuncats,
. Thus, 3 oneto-oae funclion can be deflined for the mapping belween
tuplos in the extemal schemat o fuples in ihe concepival schoma, IF
transliivity Is produced, then we gdhow that ng sack funciions & possible
aoul & new {echnique is ntroduced 1o haodlc thi speclad case,

Irddex Teror=Conceptual schema, esternal schema, functiomal de-
peadencied, inlependent componenis, intetferences, logic! dalabase
dagign, mapping funciions, relationad database mode,

Manwserpt received Febrary 1, 1980; revlaed Jyne 1, 1980, This
Jonk was supputicd in panl by the Nationa] Science Tunndad jon under
Lrant MCS?7-039HM,

The athors are with the Department 'l Plecttical Eapincering and
Coipider Scienve, Nothwertern Uobversliy, Feansien, T8 60201,

I INTRODUCTION )
N THE RELATIONAL database model, & glven external
view Wy and the conceptual view ¥ are described by sers
of zelations, The sel of relations in the conceplual view con-
sitvies the conceptual schiema and the set of relations In a

given external view constilutes an external schema. Glwna -
telational model let E= {E,,E;,++-,E_} be the s=1 of the -
-gxternal schemas and C be the concepiual schema of the

model. The mapping problem covers sevenrsl transfommations
belween a glven Ey €E and C. Let Ey = {eX, of, -
Ce {e)jey, om0y} where ef, 1 K1y, is a relation in B,

and ¢;, 1 &j<u, It  relation in C. Scveral mappings are of

inlerest.

I} Relations Mapping: o, (¢fy=C'CC. Thal is, a, con- -

siructs (he relation ¢f € E, from the relations C' in C,

2) Tupics Mapping: a,(t{er)), where 1{cf) is 2 teple in'
ef'. The function e; maps a tuple of ¢f 10 atuple or a setof .

tuplesin €' € C. .

0098.5589/31/0100-0099500.75 © 1981 1LIE o : .
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v Chapter 1. BSP Conccpts

Husiness Sysieris Plasning is most ofien thought of as
a structuted approxch of methodology, This meth.
odology, however, is bused upon some fundamental
concepts, 4 good understanding of which can give the
#SP study leant members:
I. A betier apprecialian of the “why's™ of the
methodology
2. lmprnvcd confidence in applylng variations to meet
specific silttalions T
3. A bewer back pround with which to communicate
the objectives and eventual revommendations (0
senior Hlﬂﬂﬂgtmcl’ll -
The premise for conducting a BSP study is thal there
cxists within the organization a need for significanily
tm proved computer-based information Systems {1/5}
and a need for an overall strategy (o altain themy, BSPis
concerned wilh how these information systems should
be structured, integrated, and implemented over the
long term. The basic concepts of 85P can be related 10
the long-icem abjectives for /5 in an organization.

An 175 pTust Suppurt the Goals and Objectives of the
Rusiness
This most basic concepl underlies the “top down™
philosophy of the methodology as well as several ofthe
specille sieps, such as execulive (nterviews and sysiem
priorities.

Since infurmalion systems can be an integral pant of
a business and be criticol 1o its overall effectiveness,
and beeause they will conlinue 10 represent major
investments of lime and mongy, it is essential that they
supparl the organization’s trues business needs and
directly inHluence ils objeciives. BSP, then, can be
thought ol as a vehicle or process Lo trapslate business
s{FA{ERY iN10 145 stralegy {sce Figure 1}

Burineu BSP I/5 Surarmgy
Srrategy
Musion, IS Oojaciives
Goalt snd If5 Brianegic IS Policies :
otHcUva pynning Process It oo '
Strateglun nnind Arthlteg turk

-

Figuie |. Translation of husineas sirategy 10 175 siraegy

Obviously, il is imporiant that an organizulion be
willing and able to express its lang-lerm gunh_an'd
objectives. For some organizalions, this can be done
principally through the business plan. For others,
where a business plan 1s not available or current, it can

4

be done a3 a pan of the B5P methodology. in cither
evenl, a recognition of this basic nced by senior
management is ¢ritical, for only with Lhat recognition
will their commitment and involyement be great
engugh (0 guarantes & meaningful &5e strdy.

An I/5 Stratepy Should Address the Needs of All
Levels of Management Witkin the Business )
This requirement has severai implicatians relalive {o
178 structure. First, 11 is imponant Lo recognize the
varying characleristics ol informalion as needed by
different activitizs and management levels, Typically,
lower levels need considerable detaitl, volume, and
frequency, higher levels need summaries, “exception™
reporting. and inquirics, and stil{ higher levels need
cross-functional sumemaries, special requests, “wha if
anaiyses, “external” rcqui_fEm:nts. cte. It would be -
impractical 1o construct a single system 16 accommo-
date all aclivilies or managemenl levels, and it would
be erroneous 1o associale any one lype of informalion
reguirement salely with one management level.
Cleariy, there is need ' establish some reasonable
framework upcn which Lhe 1/5 can be defined.

First, the ¢emphasis in 175 should be in support of
management decision making. ‘This is in contrasi 1o
more iradiliona! bookkeeping or recordkecping
funcitons. Business decisions are made for various
purposes. bul most can be associated with either
planning or control. Planning, of course, is the esiab-
lishmeat of various missions, akjeclives, and policies,
and it accurs el all levels. Good information is vilal Lo
the establishment of good plans. Control decisions, on
the other hand, are made in order (o guide an activily

toward some implicil of defined (by the plan) objec-*

tive. The 1/5 can provide the measurements of the’
current or actual condition o the decision maker. We
1hus complete a planning, measurement and contré]
cycle wilh 178 polentally an integral panl. Since
planning and control Bre the keys Lo decision making, a
framework for 1/5 based upon these activines can be
utilized. It has been proposed, * and well accepted
today, that three distinct but concurrent planning and
gontrol levels exist in any urgnnizaliun* .
Strategic plannig, the process of deciding on.
abjectives of the organization, on Lhe resources uyed
1o attain these ub_;cc!wcs and on the policics thal
gre Lo gavern the l¢qumuun, use, and disposition of
resources .

*Anthany. RN, Planning and Control Systems: A Frame-

work for Analysis, Harewrd Businesy Sehonl, Divisica of
Resenrch, 1965,

- "



M anagement controf, the process by which managers

assure thal resources are oblained and used ¢fhi-

ciently in the accomplishment of the organization’s

ahjeclives

Operational control, 1he process of assuring that

specific tusks are carmied oul effectively and

elficiently

Further characteristics of these areas are uuthnr,d in
Figure 2. An advantage of this ramework is that it
does not restricl plaaning xnd conirel activity 1o any
particuler indusiry, funciion, or management level. A
conclusion al this point is that an 145 could canvenisni-
ly eddress itself 10 any one of Lhe above three planning
and control levels,

Resource management is also key 1o this phllusuphy
and represents a major vehicle for 178 definivon. The
specific resources Lo be managed vary in nature and
relalive importance from one organizalion to the next.
Examples of traditional resources to be managed are
people, facilities, materials and money, Their require-
ments are based upan the nceds (o support the prime
mission srea of the organizalion, &.8., its products or
- .services. Because an organization's prodiscl of service
wrea has all the attributes of a resource, i.e., & lile cycle
of activities and decision paints, and yet drives the

- other resources, it is referred to as the “key resource.”
Each resource, inciuding the key resource, 1s managed

r through planning and conirol decisions of the three
levels previously discussed. Resattrce management has
the desired characteristic of culting across organiza-
tional boundarics - vertically across management
levels and horizontally across functional lines. Thusa

" framework based on resources as well as planaing and
conlrol levels can be established, and an I/5 architee-
ture can be applied within this framework.

"y
An 1/S Should Provide Consistency of [aformation
Througho! the Organizatien
The keyword in this objective is consiziency. The
implication is Lha information derived from mors.
traditional data processing applications is not necessar-
ily consistent, particularly when applied to pew
business pmhlcms {dcmsmn areas) of broader scope.
‘The problems in data consistency normally xrise a5 a
result of a histarical evolution of computer usage thal |
traditionally occurs, [solated and independent applica-
lion areas are sclected and mechanized, typically 10
n:dum: operational costs, The dala [iles are defined as
necessary 1o support the specific needs of each applica-
tion without regard (o une another or to [uture applica-
tions. The data itsell is converied from manual files
located and maintained by 1he vsing organization.-

As computer applications are added, new daia files
are usually required since the dala requirements for
different applications are rarely the same. These are
usnally created from spinolls of existing mechanized
files plus any additional dete that mey be required
from the using arca. Summary-lype reponts for higher
management levels are the result of sorting and merg-
ing various existing data files together to creale new .
ones. Rarcly is any existing data file of the formor
conlent required to provide newly requested informa-
ticn of any magnilude, Thus new data files nre Dorn,
Data redundancies and Mile updaie requirements
muliply. The contineal ¢ty (rom management thas “l
know the data that 1 need is somewhere in data proc-
cssing, but ! can't get alit™ may be basicaliy true from
their point of view,  The data may be there, but not
necessarily defined as needed, of adequaie summary
level or sequence, or of proper lime period or currency,’

' ' . Planning and Control Leval
Cweeislon Etrategic Mensgament Oparational .
Characteristic Planning Conwol Contrel C
Managemeni Ganeral man s maste Genaral mansment Functionsl mansgement
Involvarment Functional manadémant Functionsl mansgemany Operational mansgemant
Oparetional mangemem .

Tima Long range , Yaar-10-yenr Day-ro-day .
hadlzon 11=10+ yenra] Manthiy Wegikly
Dagres of Unstructured and Mo Lpuctured, Highly ttructured,
Lture i rrgud e, apch probiem cvelie, fnrgaiy = T T

diftéreny ripaating -
Dana Surnrmariss, wptimates, dif- Summpries, detinable, need | Detsit, aperational, gefin-
requirements licuM o pre-define, much low unanticipated forges, | | sble, internally penerslod

satyrral 10 business larpaly intarnal
Resource Encabdithmaent ol policiar Allocation of the rl.mrn Efficienr usa of the
M igemenl Prr LM Ning Lo 1hy MESOUTEY LT

Figure 2. Chacacteristics of planning and comtral levels




Dala, then, ¢aisls in mosl organizalions in varying
Jonn, definition, and sitre. The form may be uncapiured
raw data, mechanized dala Niles, detuiled o9 reposis,
summarized o reports, business documents, or
knuwlcdgc in someone’s head. The definition uf any
-gn en duta can have as mary variations, and this
inconsisiepeies, as there are users of that data, For
xample, “salary™ 1o the payroll depariment may mean
an employee’s actual meonihly pay, to the project
wnanager an annual figere plus burden to be charged 1o
u customef, 1o the depariment manager a budget line
ilem representing total expense for all reporting
cmployees. [n addition, a #me inconsislency is very
likely 10 exist between what may otherwise be compa-
rable data, Data may be captured by such varying
methods as the mail, telephone, data terminals, or
sattllites. It may be “batched” over vnrymg lengihs of
time by the user or by DFP before processing, or il may
be entered “onling™ as each transaction occurs, directly

[from jis source. Dala may be processed daily, weekly, -

ot monthly on a predetermined schedule, or it may be
incapable of being processed until a teries of prior.
compuler runs are completed (e.g.. the month-end
closing). The outpul itself may be mailed or it could be
unm:dlatcly available as the resull of an onlins

inguiry. Finally, the repon may be up Lo the second, as-

vthen reading from a 1erminal, or it may have lain in a
desk for three weeks afler last monih's processing. The
combinations of time deviations between data capture,
dala processing aclivity, and actual date usage are
many,

With all these patential dala inconsistencies, it is no
wonder that reports frequently don’t “maich™ between
using departmenis and managers. This becomes a
problem most often during interdeparimental decision-
making ot a1 higher reporting levels where consotida.
tion of mullifunciion activities is importanl. Attempts
lo provide beuter data consisiency usually resultin
“resyslemaltizing’ or “consolidaiing” existing applica-
tions inlo larger ones wilh broader prablem scope and
data definitions, This may yield a satisfaclory system
wilhin the defined scope, but again, as still broader

- problems are addressed, there will undoubledly be da1a

inconsisiencies belween the larger systems. Resyslem-

atizing at this scope may be extremely expensive and
difficule to justily, let alone accomplish, Comments
pievail such as "our systems cannot talk to one
another.”

Whal has been described is the classical “bottom
up” evoluiion of dala processing sysiems. En arder to
begin to address the data consistency problem, a
different philosaphy must be adopted relative to data
manggement, This is commonly referred 1o as
mignaging data as a resource. This concept sugpests 1hat
dala is of considerable overall value 10 an organization

6

and showd be managed accordingly. N should be
potenlially avaitable 10 and sharcd by the lofal businesy ' -
unit on i consistent basis. 1t should not be controlled -
by a limused organizational segment bul by a cepiral
coordinator, mogch like other corporale resources, such
as cash and personnel. The management function
would inglude formulating poticies and progedures for
censisient delinilion, sourcing. technicat implemenla-
Licn, use, and security of the data,

An I/S Should Be Able to Live Through ﬂrgnnlnliun-
al and Managemend Change 4+

Many dato processing systems and epplications nre sei
up to pravide the information needs of a specific
dcpariment or other organizational entity. Qthers are
built solely on the specific vuiput report requirements
of a pariicular manoger. Both 1ypes can begcome
immediaiely obsolele upon & reoganization or manage-
ment change. A new manager may have his own jdeas
os to whal informalion is nesded to run the depan-
ment. While this kind of change 1s inevilable, it can be
eapensive rom a data processing standpoinl. The data
processing sysiem, hawever, should in ne way inhibit

~management fexibilivy in a dynamic enterprise. Thus,

the 115 musl anticipale and be capable of ltving through

. the long-term organizational and management chenges

of 2 business with minimum impact il the expevted
relurn on invesimenis is lo be realized.

This objective cannat be realized withour Lhe proper
support vehicle for 145, and thig vehicle must be
indzpendent of the various components of the organi-
zational structure, The BSP vehicte is the dusiness
process, that is, a basic activity and decision area
irrespeciive of any reparting higrarchy or specific
management responsibility, A logical setofthese
processes can be defined for any type of business and =
will undergo minimum change a3 long as the product
or service area of the business remains basically the -

ame.
Dne eaample of a businesa process is purcﬁnﬂng h

particular business might deline Lhis as “the process by
which raw materials are acquired from vendors.” There
may or may nol be a scparate organizalional Unit to .
nccornplish this process, or indeed there may be
scveral. Inherent within this process are the various
activitics and decisions necessary Lo accomplish the
process,

Defining Lhe organization's business processes is one
of the most imponan| pans of the BSP methadology,
and the method lor doing so is tied directly to the
previously discussed 1/5 (ramework, thal is, one based .
on resources and planning and controf levels. With
this in mind it is convenient 1o define an organization's’
business processes in association with cach of its
defined resources. Emphasis in 8P is normally placed
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upon those processes necessary 1o manage Lhe key
resource. Fach resource of a business can be theught of
as having 8 "life cycle” made up of several stages. A
product Sife cycle, lor example, has four stages: re-
quircments, acquisition, stewardship, and retirement.
The time spread of the life cycle can vary greaily with
the particular produci area bul is af no consequence in
this approach. Business processes can be identified to
describe the major aclivities performed and decisions
made by the business in 1he course of managing the
resource threughoul its life ¢ycle. These can normally -
be organized into a process hicrarchy, and this is done-
withoul regard 10 organizational involvement or '
respansibility.

The above xpproach results in process defi mtmn:
that encompass the three planning and control tevels

- previously discussed - namely, strategic planning,

. would be “operational control,”

managemcnt conirol, and operational control. Using a
product resource as the example again, the decision to
pursue a parlicular product ares would be “strategic
planning,” the planning and conlrol decisions relative
to product volrmes or advertising £xpenditures would
be "management conlral,” and the decisions in areas of
engineering conirgl, manufacturing efficiency, ¢te,,

By using this approach
for all the resources il is possible to define all the
business processes 1hat ake place within any arganiza-
lional segment. This may be iempered by practicality
int the actual RSP as there may be litile 115 support
intcresl for some of Lhe resources. -

The I/8 Strategy Should Be Tmplemented By Subsys-
tem Vithin a Tatal lnformation Architecture

There are several implications and concepls associated
wilh this statement. The first is that a total 175 lo
support the enlire bustness unil's needs is too big o
build in any single project. However, because of Lhe
many problems associated with a “bottom up” evolu-
tion of sysiems (dala inconsistencies, non-integrated
syslem designs, expensive resystematizing, priority
difficulties, gic), W is very imponant that long-range
goals and objectives for 145 be established. The basic
concepl, Lthen, is fup-down #/5 planning with bottom-up
implementation (Figure 3}

With this concept 1he long-range 1/s goals and
objectives are identified through a lop-down planning
process(the ASF approach), The identified sysiems
ate then implemented in a modular building-blovk
fushion over tinte while renlaining consistent with the
organization's business priorities, available funds, and
other shorler-term considerations. This philasophy can
be likened ta the detail design and construclion of a
large olfice boilding, which would be unihinkahle
without an architect’s approved deawing of the (inished
product.
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The psP methodalogy, although consisling of
considerably maore steps and detail than shownin -

Figure 4, is consistent with this philesophy, Siep L of * A

Figure 4, defining the business objectives, is intended
to ensuie agreement among all execulive levels as 1o -
wherz the business is going, so that the 1/S siralegy can
be in direct support. Step 2, defining the business

processes, eslablishes the prime long-1erm basis for /5 °

support in the business. Siep 3, defining 1he data

classes, can be done on the basis of the processes to b-: )

supporied. A data class, a5 the name implics, is a

‘major categery of dala needed 1o support one or more

business processes. For example, cuslemer informa-

tion is a daia ¢lass necded in severak process areas, such - -

as ordee entry, billing, and distribution. This siep

1

results in 2 definition of atl the data to be managed as &-

resource A¢rosa Lhe business unit, Step 4, defining the |
information architeclure, becomes & stalement of the

long-lcem 18 abjective. This is normaily in the form of
a group of interrctated 145 arcas and the associaled data

o be managed. From the information architeciure the -

individual modules can be identified, priomized, and
built as scheduted by the 145 plan.

v
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Figure 4. General 175 planning appecach

A significant piece of the BsP methodology is the
fermulation of a recommended information archites-
ture. The inlentis 1o develop an implementation =~ *
strategy that can be built in modules and ye1 provide
Jjustifiable retura ta the business at each step. These

" modules or implementable pieces are penerally referred

lo as informatian systems {175). Each could be thought
ol a5 1he deposilory or management point for a particu-
lar set of the dala classes. Asthe data classes are
implemenled (assumed Lhrough data base lechnology),
il is possible 10 provide the information needs for
various business processes, Each /s then nortnally
becomes associated with one or more business process-
£5 and one or more data classes (see Figure 5). The
implementation sirategy should obviously be in lune
with the business needs. An identified 175 is responsi-
ble for the callection and maintenance of its data bases
for the cntire business. Other, or later implemented,

systems can draw on these Jdata bases as well as new
ones Lhat Lthey will ereate and maintain. ] -
Most of Lhe identified L/s areas will normally be in
support of processes that are operalional in neture,,
That is, the decision areas inherent in the processes will

-relace ta Lhe “operational control” level of planning

and control, Thus these 1/8's are sometimes referred lo
a3 gperational conirel sysrems. The managed dala ia
also al an eperational level and is typified by much -
detoil and quantity. A management control system, on
the other hand (Figure 5), is in support of a .
“management control™ calegory of processes. Its )
managed data would lypically be summarizations of
the internally generated operational data (dotted lines -
in the figure) plus any other data {competilive data, for
example) as necessary 10 suppert the processes. By
having “business plan™ data in the data base, the
executive could elfect control decisions by comparing .
actual versus plan for his area of responsibility.

in summary, there are a number of basic concepts -
and philesophics relative to information systems upen -
which the 8SP methodology is based. -The methodology
iself should be considered fexible in pature, Thay is,

© certain steps and techniques could be altered in order

to adapl Lo specific silualions without detriment i the
final outcome. However, Lhese basic concepts them-
selves should be considered inviolate. They, in effect, _
are BSP, )
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Chapter 2, Overyiew of the BSP Study Approach

The keys to stceess in planning, developing, and
implementing 2o information architecture that effec-
lively supports the business goals are: ! :

* Top-down plunaing with bottom-up lmplcmcnlallnn
¢+ Managing dula us a corporate resource

v QOricntation around business processes

v sz ol a preven, comprehensive methodology

Chapier t examined the first three at some length.

| This chapler gives an overview of a proven methodolo-
gy for ihe 631 study which will be delineated in more
detail in the following chapiers.

Perspective :

Since RSP is pan of an overall cycle for providing thc
busincss with required information, it should be put
into perspective, As Figure & shows; there is a major
juncture between identification of overall business

requirements and the sia project phases for implement-,

ing an Is5. Reguiremenis are identified for a 101a
business unil and then separated into projects thal are

endenaken and implemented over time, [n adidilionto

©infarmation systems projeets, here is also a conlinuing

set of projects covering inlormation architecture and

“information sysiems managerient (sM). Ideniification

of overall business requirements is nol reiteralive .

_unless & major change occurs within the business onit

ihat would change the basic business processes, :

B5P is 1 methadology for identifying the business +
requirements. ‘11 an entire biusiness were not included
in the BSP study, but only a component such as pne |
profit center, additional psp studies would he appmpn-
ale for other busingss componcts.

It the pasi, and in many businesses today, pmjncts
are defined Lo address a functianal arca of the business
withoul regard 1o the 1oLal requirements of Lhe business-
uml. BSP can provide overall direction for Lhe total
business belare projects are underiaken and therefore
avoid the fraclionalization of data and inconsistencies
of systema.

ll::lnrrhltion Architecture Projects | 2
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The lop-dawn, bottom-up aspects of the BSP sludy
are reflecled in she lollowing: |
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The study progresses from the very broad world in
- which the busingss exists down ta the daia required 1o
run the business. The dala is categorized into dala
tlasses that Jead to the definition of informalion -
systems (o support Lthe business processes and business
ohjeclives. The study starts with a collection of facts
aboul the business that are usually availuble in docu-
mented form throughau the erpanization. These facts
arc organized, abstracied, snd analyzed by the study
team and enhanced byihe lop exscutive, who caplains
the business and adds those points usualiy not docu-
mented. The study progresses 1o an identification of
the niajor activities and decision processes in the
business and then each of 1he execulives is asked 1o
validate and enlarge upon the facts thai have been
gathered and analyred. The analysis ends with the
consolidation apd camparison af the lacts from all
sources. [From this understanding the study follows the
.normal path of findings and conclusions, recommenda-
tions. action plan, and excculive presentation for
concurrence aml suppor,

Major Aclivities :
As Figure 7 indicates. there are two major activitics
thut precede o 1s® study and cleven in the study itsell,
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while Lhese activitics may be carried out in varying
degrees, none can be amitted. Figure 7 shows these
activities ond Lheic most logicnl arrangement. When
on¢ becomes fairly familiar with the BSF approach,
however, he ¢an, as appropriate, do part of a given
activity and delay the balance. The remainder of this
chapter is a brief commentary on Lhese major activitics.

Gaining Comminment
A B5P study should not be started unless a top cxecu-
Live sponsar and some other execnlives are commitisd
to being involved in it. The study must reflect their
view of the business, and the success of the sludy
depends upon their providing the business understand-
ing and informalion reguirements to the team, Most of
the input will come dm:c:ly or mdm:ctly from these
cxccutwcs

Since approval of s:ud:.r recommendations commits
the company for several years o a eenain direciion in

. the use of'its Jata processing resources, it is important

8l the outsel to get agrecment on the scope and objee-
tives of the siudy and on its expected detiverables, so as
lo minimize lulure misundersiandings. :

The mos! important sction following commitment
regards selection of the lcam leader, an executive who,
will work full time in the siudy and direct lcam activie
ties. He sees that contact with olher execulives is on
the proper level and that input from them is inlerpreted
carrectly, A letter from the spensor 1o 21l parucipating
execulives sels the one and significs commitment.

Preparing for the Study

Considcrable saving of lime, avoidance of fruslation,
and higher quality of output can be gained by proper
siudy preparation. All execolive participanis and Lthe
team need to knpow what will be done, why, and what 35
expected of them, Proper educalion and orientation
will provide the best input from Lhe executives and Lhe
best use of it by the leam.

Interviewees are sclecied 25 spon as possible s6 as o
allow for their orientation, scheduling of interviews,
and the providing of informalion to the study 1eam.
For maximum efTiciency an Lthe part of the team in
working together full ime during the study, infgrma-
tion on the company and on data processing support is
gathered belore the study kickoff,

A control room is established so that the team may
work together, display relevant mzierial on the walls,
and conducl inlcrviews.

The major oulpul shouid be a study control book
conlaining: a study work plan; a schedule of interviews
and a schedule of check point reviews with the spansor;
an quitline of the final repon from the BSP siudy; and
business and information systems data, analyzed and
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charted, and ready for the kickoff period.” This activity
should end with a review by the BSP study sponser.

Condncting the Kickoff Meeting

. TheasP study nselll and the Mull-fime participation of

Ihe team members starts with Lhe kickalT meeting,
which consisis of theee presentations, Firei, the
extculive sponsor reilerales the objeciives, expecied
ontputs, and pcrspcctive of 1he siudy witk relation to
other company activitics and objectives,

The et preséntation is concerned with the main
purpose of the kickafl, which is to provide thal cach
team member is conversant with the information that
has been gathered and to discuss these facts that are
not part of the information supplied. To accomplish

this the team leader “walks through” the business facts .

that have been gathered and makes subjective com-
ments and additions on facts that cannot be readily
documented — polilics and s¢nsilive issues, and changes:
planngd and in process. He should also cover the
decision process, haw the nrganiutian funciions, key
people. major prablems, the uses’s view of DP suppun., .
and the image of the D department. )

The third presentalion is made by the information’

systems direcior or one of his managers, who gives the -
team a view of dala processing analogous to what was
presented for the business. He should alse cover
project stolus and project control, history of maj-:)r data
processing projects started in the lasl Lwo years, major -
currenl aclivities, planned changes, and major
prohlems.

These Lhree presentalions, added to the facts that
have been gathered and made readily available (o the
1eam, should give ihe eam an overall understanding of

the business and the present and plnnned dala pmcm "

ing support.

Defining Business Processey - .
No other activity during the study can be quite as

overwhelming or as important as the ideniifying of the - -

business processes. Since these processes form Lhe *
basis for execulive inlerviews, Lhe informaiion architec-

" tuze, problem analysis, data class jdentification, and

various [ollow-on activities, everyone on Lhe leam must

_acquire an undersianding ol all the processes, and they

can do so by assisting full 1ime in their identification
and in the writing of their descriplions. The major -
output from this siep will be a List of al! the processes, &
descriplion of cach, and the identification of thuse that
ore key 1o the success of the busm:u,

Defining Data Classes . S
- The defining of dala classes is the grouping of data inlg -
.. logically related catcgorics. This classification, and jts ©
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mibsequent modilicalion during the follow-on projects, show clearly tha better information will help 1o solve

- helps the business develop dala bases over Lime with a the probjems. '
minimum of redundancy and in a manner that allows One of the last activilies in asscssing the business
syslems 10 be added without a major revision to the problems is w divide Lthem wto those which are
dzla bases. Since data musi be recognized as a corpo- information systems suppon problems and those which
‘rate resource, it deserves the altention recommended are non 175 prablems. The non 145 problems will be
here. ‘ delincated and given to the executive sponsor (o follow

Wihen the data clusses have been identified, they are up on while the information sysiems suppor problems
relaied 1o the business processes in order to define the continue (o be addressed in the 859 study and by the
information archileclurs, and they are relaed 10 - - Tollow-on acuvilies. .- ,

" present Miles 1o assist in the development ol a mlgrauon .
plan. . : Defining Information Architecture ‘
- This activity represents a major movement from an
Analyzing Business/Systems Relationships ¢ examination of Ihe presenl (o a synthesis of the fulure.
The main purpose of 1his activity is to show how dala . 11 is here that we sketch [ulure information sysiems and
processing currently supparts the business in order 1o their accompenying data. ’
develop recommendations for future action. The Systems may be viewed as the amomaled portions of
currenlly exisling organizations, business processes, processes. Dala hases are the computerized part of Lhe
information systems {applications), and data files are total inventory of dawa in the business. Information
analyzed 10 identily voids and redundancies, help architecture brings order and struciure 1o the systems
clarily respansibilities, and further the undersianding and the dala \hey create and use. Once it is struciured,
of the business processes, il allows for step-by-step development Lo migrate from |

The main analysis tool is the matrix, and various 1he applicalions of loday 1o Lhe informeiion systems of".
matrices are developed using combinations of the four the future.
elements. The key matrix for the excgutive inlerviews Deccause this task involves drawing 4 blueprint for - .

"is the organization/process malrin, and its inlercepis the luture, it deserves the atention of the whole icam.
denote the decision makers, major and minor organiza-
tional responsibility for a process, and current data Determining Architectural Priorities
processing supporl, Since a 1ci2l information architecture cannot be

This activily will not only prepare the team lor developed and implemenied a1 one time, the lcam must
discussion with ¢xecutives but will also help them . establish priorities for the development of the systems
determing requirements for inflormation supporl. and dala bases. By deciding which of the dala bases ~

should be designed and implemented first, the (cam

Determining the Executive Perspective establishes which subsystems will be defined during the -

This activily is an infegra} pant of the top-dawn follow-on project. This allows an early implemeniation
approach, s purpose is to validate the work done by far a “pay-as-you-go” foundation and belps establish
the team, determine the objectives, problems, and credibility for the balance af the output from: the BSP
information needs and their value, and gain executive study. )
rapport and involvement. The excculive interviews Priorilization is accomplished by develaping a |I.~.l Df
provide the business undersianding necessary for projeces from Lthe subsystems of the information
infarmalion systerns planning. architecture, then esiablishing a set of criteria and

The major output consists of nates from the inter- rating the prospective projects against them. The

views, an update of the conirol room charts, and a new  apalysis of the business problems is a major contrisutor
or improved rappont between tie exceutive and the RSP 10 1his process. ' , i
study Leam. . .

Assessing Business Problons ﬁ? ;}; ing Information Systems Management
Some of the business problems were supplied as input
wduzing the (uet-gathering sicp. These were ¢xpanded
upon and camplemented by the knowledge of the leam

The purpose of 1SM is 10 evenlually esiablish a con-
trofled environment in which the information architce-.
ture cah be developed, impltemented,'and operated

and r“d"}" '\"..Iii-l..idli.‘d Llpfﬂinﬂ'd and dddtd I8 i.l'l. lhc ﬂmﬁ.'-i-l:ﬂll:p’ ond l."l-l.ﬂl.'li'i-'f.:l}". ']h: inlhrlnutiun $}rslcm$
exccutive interview. The problems must now be functions are examined during the pse sty (o identify
" analyzed and refated 1o the business processes so s 10 {1y any changes that could be made immediately ta

give guidance ta the seling of praject prmntm:: and 1o enhance success in the follow-on projects, (23 changes

. ™
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that are necessary to properly manage and implement
the high-prierity information archilecture progects, and
(1) majof activities that will become projects in the
follow-an to the RSP study, Fuifillment of this step is
vital ta the successiul suppon of the busmm'by the
data processing function.

The major inputs are the information systems
support problems fsom the execulive interviews, the
1she problems as identified by the 145 director, and the
technologies and skill requirements of the first sysiem
or syslems. Additions and/or changes 1o the present
information systems fenctions that are required for
planning, developing. and implementing are then
identificil and pul in priorily sequence. This forms the
basis lor ihe development of an action plan for 15M
which feeds into the aclion plan and report from the
B5P study. '

Developing Recommendations and Action Plan
The purpose of the action plan is to assist managemend
in its decisions regarding the recommended follow-on
projects. The follow-on projects will come fram the
architectural priorities and from the information
systems management recommendaiions. Each of the
projects will have been defined as a result of the
activilies in those \wo arens. The action plan brings
these together Lo idenlily specific rescurces, schedules,
and inlcractions of the projects.

Another major pan of the action plan should be the
identification of the sleps preparatory Lo starting each
of the follow-on activitics. These must be examined

14

and sized before start dates can be pul on the follow-on
projects, so that management ¢an pive the direction
necessary to move lmmv:dmtcljf into those pfl.'pal‘ﬂml‘.'}l'

" activities.

Rrpﬂmﬂg Resultx

The purpose of the final repore and :xeculwe presenia-

tion is 10 obtain executive management commilment

and involvemeni for implementing recommendalions

from the BSe study, The format of the report way

ag recd vpon befare the study was staried, but may

have to be modified slightly now, on she basis of the

study resulls, Yarious pans of the report should be

writlen during the 85P study and finalized ai this time.
The report should be prepared as follows: i

E. It should include an executive summary.

2. The supporting detail, such as descriptions of Lthe
business processes, should be mntamcd in
appeadices.

3, [1 should be possible ta extroct highly confidential or

. sensilive material easily and still have the balance of |
the report usable by all people participating in the
follow-on activities. .
The report provides the basis for the executive

presentation and the disiribution of the final results to
those people designated by the sponsor. After the

. executive presentalion, which is normally given by the

tcam leader, all other relevant material that s nol s
part of Lhe repon should be indexed and filed for rcady
availability in follow-on projecis.



Chapter 3. Gaining the Commitment

The success of a Business Systems Planaing study
depends heavily upon the commilment of the business
' ta complete all the rclevant activitics and heed the
rmmmcndnuons of the study team. The sieps de-
seribed in this chapier should be completed and an

assessment made of 1the comnmitment of all participanis,

beflore the final decision js made 1o move inie the
resource dependent activities. Certain situations dnd
-enyironments will be considered unsuilable for a BSP
study at this slage. 1f such is 1he case, the Leam should
be prepared to posipone BSe until the situation hc-
comecs more suilzbie,

Ia same organizations there may bc a problcm in
oblaining 8Ccess 1o executive management Lo explain
the objeclives and expecied resulis of a 8Sp study. 1f
s0, the following sciions shoutd be considered:  °
s Arrapge an exccutive visil Lo another businiess that

has successfUlly completed a 6SP study
* Invite & senior {pM execulive 10 discuss informalion

sysiems planning with the appropriate execulive in
your organization
+ Conducl an executive bneﬁng session spccaﬁ::ally
for your txeculives
"« Conducl an eagculive planning session - a service
olfercd by 186

. Invite the excoutive to an exccutive informalion .

session cond ucled at an jamW Customer E.x:cmw.,
Education center
' The IBM tepresenlative can help se1 up any nl‘llu A
activities.

Establishing the S{udy Scope
Mormally the executive sponsoring Lhe study (called
the executive sporser) will select the scope of the

_ organization to be studied, This busingss unit must by

defined so thal all parlicipants can recognize the
baundaries within which their activilies will be
concentraled.

In general, the sslecled segment should exlend wi ),
upper levels of the organization, include more than vy,
major function, and be of significant importance (v (he
organization in that il contribules a major porlion i
the revenues, profils 2nd/or services.

Busincsses whose nctivities are participated in by
multiple functional units lend to gain more from a sy
study Lhan those Lthal are more simply structured,

Mos( comparnies performing a 5P study choase 5
major operating divisien, a graup of divisions, or (he
entizc organization (see Figure B, optians I-3 respee.
tively). In each case il should be possible 1o define
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boundasies for the study scope. including the measure-
rmenls for asscssing cileclivencss.

Sctting Study Objectives

Study ohjectives shoukl now be defined. Good objee-

tives will be capable of being staled clearly and con-

cisely. They will have crileria that can be applied to

measure the degree 1o which they have been met. In

addition, they will be applicable to the specific require-

menls of the organization 1o be studied. Finally, they

will be capable of being salisfied by the RSP study leam

warking williin the defined nudy scope.
Specifically, a study 1tam's pbjeclives may be Lot

* Provide a farmal, objective method for management
o establish information sysrems priasities without
regand for provincial interests

* Provide for the development of information systems
that have a long life, proteciing the sysiems
investment e

= Provide that the data pm:csiirg [esOUrces Are
managed for the most cﬂ'cwn! and cilective support
of the business goals T,

v Increase execulive confidence thar high-return
information syslems will be produced

» [mprove relationship between the information
systems depariment and the users by providing
systems 1esponsive to the users’ requiremants and
prlﬂrltiﬂ

+ ]dentify data as a corporate resource that should be
planned. managed, and controlled, in order 10 be
used effectively by everyone

Developing Business Reasons for the
Study
There are several factors that may make a given
business more difficult to do a SP siudy for than
others:
* Major ceorganizalion or transformation of control
1aking place
-+ Geographical diversity, necessitaling significant
travel time .
v Well over 20 executives wha must be interviewed -
« Mulfiple independent sub-grganizations with
aulonomous decision making processes and with
unique lincs of products/services serving diverse
markets
These faclors shauld be reflected in a brnief report
{twa or three pages) containing,
» Siatement of the study scope
* Study objectives
* Pasitive contributions of a 85P study
+ Obstacles 1o successli) completion
* Revommendaiion ulh:r o proceed with B3P or

poslpanc il ) .

i6

Current participants should presenl this report to an
execulive of the organizalion and gain agreement on alt
issucs. Assuming that the report recommends procced-
ing wilh n5p, the mecling should resull in 2 commit-
menl lo:

* Appoint a sledy team leader

# Resource the study Leam as spproprisie

» Have open communicalion of fulure plans and
courfent data among all i=am members

* Wrile a study announcement Leller 10 execufives off
the organization of the form shown in Appendin'A,

Resourcing the Study Team

Characteristics /

Since the study team is responsible for determining the

information needs of the entire business and recom-

mending the nawre of its data processing operations
for years (o come, the selection of team members is
very imporiant.

The people chasen should:

* |{ave several years' experience within the arganiza-
tion, a sound knowledge of their own arca, and an ~
appreciauon of the rest of the business

+ Be able ta understand and deal analytically with
problems

* B¢ willing 10 commit 10 conclusions and recommen-
dations that will have a I'ar-n:achmg cﬂ'm:i an the
crganization

* Be perceived by other management within the
organization as competent and responsible business-
men whose opinions will carry considerable weight
In short, the best people for the study team are those .

who ar¢ already in high demand and dlﬂ':r:ull 15} mnk:

avn:lablc . y

Organizarion and Respunﬂbmﬂe: .
A possible arganization structure for the sludy (eam u
depicicd by Figure 2. While minor variations are .
passible, 1he following fundamenlal responsibslities
need 10 be assigned: . _— "
* Execulive Sponsot o,

~ Visibly endorse and support the study cﬂ'oﬂ !

- Review progress and findings during ihe study.

- Receive the final report and make the appreval
decision, LN

« Team Leader AT

— Eee that the siudy is successiully mmplcmd,

- Provide overall direclion, make key business
judgments, and act a8 liaison with olther execu-
lives of the organizalion,

— Direct the study efTort on a day-10-day basis and
ozganize all necessary adminisiration for the
team,



« Team Members Manpower Requirements

- Parlicipate in a1 least same, if not all, inlerviews. If the intent and methodolagy of OSF are reasonably
- Analyze the dala coliecicd and executive perspec- followed, and the siudy team is ful! lime, the resources
tives expressed during the study. required should fall within the following limits:
, = Diraw conclusions and p::l'urm rcpurl writing » pNumber of team members 4.7
1asks. i :, »" Number of weeks 6-8
« -Team Secrelary These wide varialions can be explained by signifi-
- Da typing, filing and general seceelarial services. canl vanatjons in organizalional types and sizes, as
well as study objectives. .
! 2"::;‘;:“ . ' Selection of Team Leader
The success of the sludy depends largely on Lhe person
sclected by the executive sponsor to Yead the team, Thi
team leader will be knowledgeable in business malters
Team . and have a broad perspective of the business. With
lnacar . : firsi-hand knowledge of how the various depariments
- af Lhe business interaci, and where detailed inlorma-
Team B . lion about the operation of the business can be ob-
mecratary Tep1 . 1ained, Lthe leader can save the tezam valuable time,
Aclivilies of the tcam leader include:
= Conducting the study team orientation s¢ssion
* Conducting a kickalT meeting for 1cam members at
Funcionat funciional " the outsel of Lthe I’ur:1nal lclivi.tir.s of II?: BSP siudy
rep rap rep * Sclting and confirming excculive session schedules
* Managing the logistics of the study, including
Sample study E8m orgenization day-lo-day administration

Providing guidance and business pcrspcclwc
Providing resaurce marteriat

Maintzining Lthe schedule

Presenting the study report to management al the
cempletion of the siudy

Figurs 3. Sample siudy 1cam organizalion

Ceonsiderations for Full- Timie or Part-Time

Smdy

To compound the pmhlcm of 1cam selectian, a BSF

study is inlensive in nature, and i3 best performed on a

full-time basis. While pan-time studies may appear o

be gasier v resonrce and may be successful, they are

aften characigrized by deadline and continuity prob-
lems. Belore emburking on a pari-time study, asur-
anct should be gained Lhat:

* The tcam will be very well managed. That is, the
time, effort and skills required Lo Lighly controf the
work schedule must be available and commited.

+ Momentum with not be Lost as a resull of 1naciivity
during the siudy.

* Asiute use will bz made of the administrative

Sponsor's Letter
The lcam leader is naw in a POSIoN 10 compose 4
study announcement leiter 1o be signed by the chiel -
execulive officer and distributed to the execculives who
contrel the major functions withia the scope of the
study, The letters should cover;
Objectivea of Lhe program
* Polential value (0 the organization
» Need for functional execulives ta be involved
* Need for candor and cooperation of executives

A sample announcement Jetler 35 included in

support available 1o clfectively utilize the lime when Appendix 'ﬁ
the leam is not in session to prepare and type drafts,
update chans, elc. One full-time member niay be
helpiul,
/ .
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Chapter 4. Preparing for the Study

Using the crileria cstablished in Chapter 3, potential
team members are identified, Final sclection is nor-
mially performed by the team leader and 1he excculive
sponsor, The information sysiems representative on
ihie study team will provide continuity for The activitics
that will fallow the Bse study. Eachiean: member
must be thoroughly briefed on the magnitude and
importance of the study and ona the executive sponsor
commitment o B5F, ,
A preparalion plan will be prepared by the 1eam
{cadet with assistance from IoM personnel. The major
sasks are:
+ Ariefing the study te2m .
» Gathering data on the business and informalion
syslems

+ Educaling leam members -
Devcloping the study work plan
= Deiining the study report and ancillary ourpil
Crealing an execulive interview list and schedule
Rricfing participaling exccutives
Oblaining a suitble control room
Arranging lor admimistrative support

+ Reviewing with execulive sponsor

These tasks, many of which can be performed

, concurrently, are described in the remainder of this

chapter,

Bricfing the Study Team

The team teader, sssisied by experienced 196 people,

should hold a half- to full-day otientalion session 1o

briel the study team on such topics as:

» Qverview of Bsp. This can include development of
the uSP concepl, study methods used, oulput that
riay be expecied, and references io resulls cbtained
in other BSP studies.

» Review of activities lo date. The team leader
presents the scope of the siudy, states its objectives,
and leads a discussion of the busincss reasons for
conducting the BS7 studies al Lhis time.

+ Study preparation plan and schedule. Generally the
leam leader will have prepared a drafi plan and
schedule. After this has been presented, the (eam,
operaling as a working commitlee, should critically
review Lhe plan. ‘

The teader should also discuss with team members
the allocation of the preparation activities. As & work
group, the team should divide the activities among
themselves, In gencral, distribution of the workload
among Lhe vanous team members depends on how
ruch time they can devote and how closely the taska
rzlate to 1heir reapestive funclions.

I8

Gathermg Data

To provide a basis of information the team should
estabiish a zeference library of both businets and
information systems documentation. Data of valu:

' will be of two types: . -

General Business

* Envjronment
External - economic, customers, t:chnn!ugy.
competition, government, suppliers
Internal - corporaie pelicies, practices, constramt:

« Industry position 2nd industry trends

+ Planning process and calendar

s« [usiness plan - goals, objectives, strategy, resaurces,
schedules, financtal )

» Organization charts « position, names, numbers of
people, and expected changes

« Key decision makers

s Major business measurements and conirol

» Major siudies, task forces, commiltees during the.
previous three years

« . Major problem areas

» Products and markels

+ Geographic distribution

= Financial siatislics

s Sizing sialistics (veadors, employees, orders, cus-
tomers, shipments, purchase orders, ete.} ’

+ Project initiation and funding process

Information Systems :

* 1#8 plan - goals, objectives, strategies, resources,

schedules, finances

Paolicies and practices

Organization chars

Planning process -

Major studies, task forees, committees during

previous three years

Geagraphical distribution (equipment, tcrmma!a,

communication facilities) .

Soltware environment

Project iniliation and fundlag process

Sysiems justificalion requirements

Siandards/guidelines

History of major projects started in the las) 1wo

yecars

* Present and planned systems and dala basss

+ Major informalion sysiems problems

s Sizing statistics (number of programs, jobs per
period, users, files, data eletments, and lurnover)

L9
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Educating the Team
To enable a smooth, cosrdinaled entry Lo the BSP
study, t1he team members should understand the
principles of the B5P methodology. Some undersiand-
ing af the method of implementation, plus & review of
Lthe nature of the outpul that can be expecied, will aiso
be of advaniage Lo the leam members.
The 1eam Jeader, working with 1BM personnel,

. should establish an education plan for the team,

Foarmal 18M education is available and the l-:u.:al FBM

office can supply details.
bt is recommended that all team members should

attend ithe same cducation session.

Developing the Study Work Plan |
Irmtensive study aclivity requires appropriate planning *
snd assignment of tasks, A work plan will document
all the known tasks and indicalc major resource
allocation required to complete the study. The team,
warking under the guidance of the team leader, showld
develop a siudy work plan in keeping with the scope
and objectives previously established. -

There are some study contral points that should be
scheduled in the work plan {e.g.. see Figure 10). The

tcam should consider whether additional control points

should be established in each particular siudy.

When the aclivity and project control checkpoints
have been established, they should be combined into a
single action plan. This plan can be represented on a
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Ganu chart similar 1o that shown in Figure 1. This
plan is developed under the control of 1he team leader,
and agreed upon by the 12am members.
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Study Exncution '

. Coucs-
Preparing lor —
the BSP Study® (hased on full timal tatign
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Figurc 11, Woik plan for ihe BSP study
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Fstablishing a BSP Study Control File
The contrul file should be eutablished 16 contain all
malerisl perlaining ta the study. Jlecause of the palure
and number of the documents invalved, they should be
stared in a lockahie filing cabinel, Suggested contenls
include: - Co

» Key correspondence

Statements of objectives and scope

Praject nlan

Schedules

Data gathered during preparation

Documentalion of compleicd analyses

Execulive inlerview noles

Excculive inlerview summaries

Project control review meeling nates
Recommendarions

Report and preséntation

L

Defining the Structure of the Final
Study Report and Ancillary Output
The outline (and table ol conicnis) should be estab-
itshed as carly as possible. Team members should be
assipned specific responsibility for sections of the
report. During the study period, it is the assigned
member's duty (0 coordinale and deliver their section,

A lypical Siudy Report will contain the following
Lopics:
s Execulive summary
* Purpose, scope and objeclives
* Melhod of siudy
* Busincss prrspeciive
* 15 perspective
+ Findings and conclusions
* Recommendilions
* Action plan for follew-on projects
= Appendices as required

Because al the nature of a ase swudy, documentation
created during the sludy may pruve valuable 1o func- |
Lions within the business. While 1he data and analyses
arc current, the (eam should endeavor 1o publish these
documents as ancillary output 10 Lhe formal report.

Creating Executive Interview List and
Scheduf&

A preluninary list of executives 1o be interviewed
should be preparcd as catly as possible. The executives
stlecred will normally be within (he top Lhree leveds of
the company and he responsible for the major func-
tions included within the study seope statement,
Excculives with cross-company responsibilities should
fho be considered. Since the need is for a perspective
rather than specific detatled informattion, the ideal
candidate is the senive executive with discrewe Nunclion-
al responsibility, <., direclor of tinance, manager of

- production planning, directlor of marketing operations.

The teatnlive executive list and schedule should be
preparced by the team leader, Some other names may
be added 10 (he list Juring the study as the team gains
knowledge of the company's processes. When creating
the schedule, the 1cam leader should consider all
factors that may inhibil the full pasticipation of the
exeCulives - vacation, important business meetings, -
public holidays, s1c. )

The list of proposed execulive participanis should be
reviewed und appeoved by the executive tponsar.
Additions or deletions should be made and the support,
of the executive sponsar reemphasized, .

To enable the execulives to prepare for the inter-
view, an invitation letier should be seng s beast one
week before the interview. The letter should also
confirm the time and place fot the interview. Refer-
ence 1o the siudy announcement letter previously .
signed by the chief executive officer should emphasize
the imporiance of exceutive participation in the stedy
(sec Appendix B}, Either within the body of the
invitation letler or as an attachment, a list of topics for
discussion during the interview should be included,
Both the exceulive and the tcam members should vse
this topical ouiline 10 make the discussions more
fruitfiul. 'Pussible tapics include;

_* Responsibilities

* Objeclives and plans to achieve required resuli

* Dusiness problems and value of solving them

* Opportunities for improvement

Major ineasurements and controls

Identification of the key business arezs

Anticipated changes (products, arganization, e1c) |
Evaluation of current 175 suppert

Requiremenis [or future 1/5 support

Value of the required 1/5 suppent

Bricfing Interviewces .
The seleeled exccutives should artend a brieling session
prior to the commencement of the executive perspec.
tive segment of the BSP study. During this preparation
phase, the executive bricfing session should be pre-
parcd, preseniers selected and exhibits prepared, so
that Ihe session may be delivered al the appropriate
time during the study activitics.

Majar tapics which should be included in the
bricfing are;
* Exccutive leve! overview of B
Study seope
Objectives of the study
Dusiness reasons for cenducting the study
Kevicw of the expected outpul .
[Extcutive involvement - why, and what is expected
of the executive
* Schedule for execulive interviews

2



Obtaining and Equipping Cnntml
Room

Effcciiveness of the BS? sludy depends on having a
warkroom assigned forits duration. This raom is used
both as the work lucnuun for the 1eam apd far execu-

live discussion scssmn away from the excoutive’s office,

This approach has pl‘ﬂ‘r‘td very eifeclive in allowing

execulives to review charts and diagrams on display -

and 1o concentrzle on discussions without inlerruption.
The study room shoyld be:

» Locaicd away from irzfMie and noise

» Large encugh to accommedale the study team plus
one or two olher people

» Equipped with a large table, blackboard, flipchan
stand, and Jeckable sterage or filing cabinel” -

» Able ta accommeodate Lthe posiing of charts on the
walls

» Securzble 1o protect sensitive information

* Equipped with a I¢lephone only if the telephone can
be disconnected during executive interviews
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Arranping for Administrative Support’
Tyning and geaeral admunistralive support will be
required by the study leam. This support should be

* estimaled and organized belore the maor stedy

aclivities are undenaken. Administrative activities will
be concentrated toward the Litter part of the study and
will include executive discussion summaries, work -
plans. status repons, resells of analyses, chans, final
report, conlirmalion of inlervicws, and general secre-
larial support.

Reviewing with Executive Sponsor.

. Completion of the siudy preparaiion 1 indicaled by a

suecessful review meeting with the executive sponsor,
Any issues that may have arisen during the preparation
should have been resolved by this time.

Iterns to be reviewed with execulive sponsor are:
General results of Lthe preparation

Study work plan -

Definition of the study output

Approval process

Executive sefection and discussion schedule

Letter of invitation Lo be sent 1o selected executives
Everything is now prepared for the slan of the Bsp
study, Experience has shown that if all the jlems
discussed in Chapters 3 and 4 have been completed, the
study results should be of high quality,



Chapter 5. Conducting the Kickoff Meeting ; _ L i

Conducling the kickolT meeling is (the firsl major
activity in the formal execution of a 850 study, This,
and Lhe next five majof activities (sec Chaplers 6-10)
ate all aimed at understanding the business require-
ments and dzla processing support 83 it cxisis loday 8

well as business requiremenis for the fulure. Singe Lhis

understanding js vital o the success of the study, all
these aclivities must be carsied oul conscientiously,

Sponsor’s Opening

The kickolT meeling should be attended by all siudy
tezm membess. The executive sponsor apens the
meeling, emphasizes Lthe business rcasons for iniliating
the study, and explains Lhe significance of this high-
priority prograr) ta the company, The sponsor may
also reiterate the objectives and scope of the siudy and
expenied culpul, ond offer personal commitment and
support in the inleresi af seeing a successful completion
1o the study.

Revicw of Study Work Plan
© The study team leader reviews the work plan and the
Gantl chan or calendar developed during the siudy
preparalion phase. The work plan is used as a point of
departure far discussing and finalizing:
= Majur events, major culputs, and schedules
» Individual assigpnments
= Project control

This review can also serve as an npportunuy o
discuss administrative details, such as secretanal
support, handling of phone messages, working hours,
. office security, expense charge numbers, ete.

Business Review
The team leadsr should be prepared 1o present, in
summary form, the business relaicd information
gathered during the study preparation phase. This
information may be new 10 most (¢am members and
shovld serve 10 broaden the business perspective of the
feam as a wholc.

Presenlation emphasis should be given to business
goals, objectives and stralegies; business problems:
organizations; ceography; environmeni: and 1o infor-

mation relative 10 undersianding Lhe major resources of

the business - cash, people, facilities, materials, and
producis/services,

Some of the material presented will be continually
focused upon Lhroughout the study. This selected
information should be posied in the control room. The
tzam lcader may &lso elect 1o distribule hard-copy
handouts 10 cach team member for their own persanal
review and/or research, In any case, all presentation

" maierial, ingluding detail backup, should remain in the

control room for conlinued reference. Much of it wiii
be placed in the Siudy Control File.

Information Systems Review

The director of t/5, or the leam member representing
155, should present, in summary form, the material
gathered during study preparation. This will enable
the study 1eam to understand how 175 is currently
supporting the butiness and planning Lo support it in
the future,

The major projects instalted or being developed
should br discussed with the study 1cam. The discus-
sion should Include whether these projecis have metor
will meet their objectives. _

Another area that thould be discussed is how data
processing interfaces with its users, the responsibility it
has in the development and justification of applica-
tiops, and who has respansibility for data within the

. company,

A copy of the presentation should be made available
te the siudy team members, a3 it will help them later in
1he study ~ especially during the imerviewing and
when the leam members ate develaping their conclu--
ions and recommendations. - :

The follawing is an oulline for presentation of the
145 funclion:

+ Mission and objectives

* History and background of data processing.

* Qrganizations

* Overview of major application sysiems lnstatled and
planned

* Relationship with users

Projcct approval process

Key probiems and challenges
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Chapter 6. Defining Business Processes

For purposes of the BSp study, business processet arg

defined as growps of faglvally rebaied decisions and

activities regired o ntaRage he resanivees pf the

birsiness, They are studied and identified withou

regard 10 1he organization responsible for Lkem, The

reas0n for defining the processes is that doing so will

provide or lead Lo;

= Informalion systems with a large degree of inde-
pendence fron vrganization changes

* A comprehensive undersianding of how the business
accomplishes iis overall missions and objeclives

* A basis loy separating the strategic planning and
munagement control progesses from operalional
control processes

* A basis for defining required information architec-
ture. delermining its scope. detining it so #s to make
il modular, #nd sewing pricritics for s development

» A basis lur deftning Aep data requirements
Lists of processes, along with same sample deserip-

tions from both the public and private sectors, may be

found in the appenilices.

Prerequisites to Defining Processes

The following points are partivularly relevant 1o

SUCLESS:

= All members must be present and panicipate
throughout the exercise and there should be general
agreement on the expecied oulputs before the
exercise beging,

= Neote-tiakers should be designated right from the
beginning 50 chat decisions and Jefiniljons of
processes will zol be forgolien or misunderstood
later.

= Informalion gathered before the stan af the psp
must describe and size the products and resourees,
and clearly stute or provide a Now dJiagram of the
sirategic planning and management control proce-
dures and schedules,

¢ The team must understand the concept of zesources
and Lheir lile cycle.

Thie Product and Resource Life Cycle
The manaper's Job is 10 manage the resources within
his reatm of responsibililies to most efficiently and
ciiectively support the goals of the total business. By
tentifying the decision processes tha he goes through
ang the activities that he performs in managing the
resoufees, it iy pussible to gain a comprehensive
understanding of all the business processes involved.
The products/services may be deflined as key resources
und oecupy 4 major rele in defining the business
PIACCLSCS.
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" A four-stage life cycle of 1he product/service and of
cach of the supporting resourees is used Lo logically
identify and group the procetses, The life cycle

. normally used is:

+ Stage ! - Requirement, planning, measurement

amd control
'+ Stage 2 - Acquisition or lmplcmcntatmn S,

» Stage 3 - Slewardship '

« Stage 4 - Retirement or disposition

The fullowing paragraphs refer to these stages ay’

requircments, acguisition, stewardship, and retirement.

A description of each of the life cycle stages Tollows!
1. Regnirements - activities that determing how much

of the product or resource is required, the plan for.

geiling it, and measurement and conleol again:t the
pla,

2, Acquisition - aclivies p:rfarrncd to develop o
product or service or Lo got the resource’ that are
going 10 be used io its development. {n manufactor-
ing this would include procurement and fabrication;
in pessonnel, the hiring or Lransler of peopls; in
cducaiion, the development of 2 qurriculum and the
enrallment of stzdents. .

1. Stewgrdship - activities 1o form, reltae, modify or
mainiain the supporling rescorces and (o store or
track the produci/service. In the insuranes industry
this could be policy maintenance, promium notices
amd dividend statements; in the distribulion industry
it could include inventory conlrol and warehousing.

4. Renrement — (hose activities and decisions that” '
terminate the responsibility of an organization for a
produce ar service of signal theend usg ofare .
sQuICE, Thss\mtght include the seliing of spacs or an
airlige, the discharge or redring of an employee, 1he
scrapping or selling of a capiial asset, or the removal
of 2 service by a povernment agency.

The iift cycle serves a3 a vehicle Jor st nuclured,
logical, comprehensive idenlification of Lhe processes
by the team. N

Baste Steps in Defining Processes

An overview of process identification is provided by
Figure 12, which shows the three main soyrces for the
identification ol 1the busingss processes. planning and
contral; product/service; and supponing resources,
Taking the latler lwa through iheir life cycle provides a
definition of their respective business processes.
Because strategic planning and some of management
control are not solely product or resource orienied,
they musl be considered as a separate source to pravide
that all processes of the business are Weniified. ' f
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Figure 12, Definhion of busincss processcs

Afer the praduct and each of the supperting
resources have been taken through their respective life
cycles and Lthe processes identified and subsequently
grouped, il s no langer necessary Lo retain the
process/slage relationship for process defining, but it
will be helpful lzler in identifying data classes. Since
the life cycle is an anificial means for directing the
team's thinking, very little time should be spent in
deciding in which slage a given activity sppears. The
recarding of the activily is more imporiant than is
position,

The measurement and conlral processes identified
under the requircments stage will conlain both man-
agemenl conirol and operalional control activities. L
the processes associaled wilh stralegic plenning and
management contrel are identified first, il will sharpen
the distinclion belween management control and
operational control and reduce some of the redundancy
in the management contrel processes. The lollowing
descriptions of sieps correspond to the flow presented
in Figure 12.

Planning and Controf Processes

Defire the Processes of Strateglc Planning and
Management Control '

" With the preparatory work that was done in collecting

the information on planning and possible samples of
the organization's plans, it should not be difftcult to
identily the processes involved. They will normally be
grouped inte siralegic planning and management
control. Siralcgic planning may be referred 1o as the
long-range plan, the seven-year plan. or the develop-
ment plan, Management control may be relerred 1o as .
the operaling plan, the management plan, the resource
pian, and sometimes the contract plan. In some
companies the budget may serve as a major tool for
management planning and conirol. Examples of
ptanning and conirol processes are shown in the

" following table. Further examples are contained in

Anpendiz D,

Strategic Planning Mansgerment Contral

Econarnit lorecasting
Onganization plenning
Policy cevelopment

Clves thtu ra/acc ol tion
Analysic

AR MpLaNE menagemmnt
Gonly favelopmane
Preduct lina modaling

Mar ketipreduct farecatiing
Working capitel planning
Stalf Imwd planning
Operaticnal planning

Buckgeting
Measurement and rivigw

)



For o detailed discussion ol thy theory of stralegie
plaaning and managearent control the reader may wish
1o refer 1o Robert No Anthony’s hook entitled
SR anning aud Conwrol Sysiems: A Framework for
Analysis” .

. r
Progluet/ Service Processes

ldentily the I'roduct/Service of the Organization
For purposes of this exercise il is assumed that there is
ang major product group or that the producis are
managed through similar husiness processes. In the
-case of the public seclor and some service organizations
it will help to go back 1o the goals to best specily the
pioduct or sgrvice. For example, one might think 1hat
the prixduct of a health insvrance organization would
1 be s policies, bul an examinalion of ils goals might
shuw the products o be (i) service to the subscriber
and (2} paymenl to the provider. 1n like manner, an
examitnation of the goils might keep one from assum-
ing that the curriculum is the major product of a
universily.
IF there are two or more gruupa or families of
producis and services, they are Jdiscussed under
“Expansicns and Yartations” al the end ol this chapter.

ldentify rhe Processes fn Fach Stage of the Life Cyele
uf the Product/Senice
The general approach in identilying 1he processes s to
siart with the requirenients siage and wark through the
succeeding stages. Care should be exercised in gelting
comsistency in the level ol the processes identilied in
each of the stages. Although there is no preseribed
number of processes appearing in ¢ach of the stages,
niust studtes reselt in onaly 20-60 processes for the
whoit husiness: The team should tend 1o jdeatify moee
[rrocesses than pecessary, with the idea of grouping
them later o5 nevessary.

with Lhe iolal team warking logether it is sometimes
helptul W label gach of four chares with the four stages
and o ecomplele them simultaneously as each process is
bruught into discussion, This eliminates the develop-
menl ol aotes for the inclusion of cenain items in other
slages as they are worked upon. There is no secred
formula for this idenfifying al business processes, so
one should not be surprised i the first altern pé results
in maoy mure processes than are needed and also a
greal inconsistency in the levels. Do not let this deter
vl it will be currcctcd during the grouping of
pn}LLSbcb

It is very impartant thal every tcam member partici-
pate at all imes, since business processes ure the basis
tar practicilly cverything Lthae lollows in the 852 study.
Gictling aturied is far rmore tmportant than any theote-
cal discussians vn Lhe definition of a process group or a
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process, logie, theory, ar other Jiversions.

The lullowing example mighi result frot perlorm-
ing Uris unalysis with a manulaciurer of clectrical ang
clectronic companents.

Ragquirgments 1 Acquitition Stewardshlp Reirsmant
Mgy ke (ing Engireering deslgn | lnventory Sql_ling
planning wnd v |Opmient ]  SORTR
Rarketing Proviuct Ascaiving Ot
retzarch Ipeciticalom mrviging
Farecysting Engineqring Ouality gontiol Shipplm .
tecords 1
Pricing Production Packing and Flast man-
checling noring gt
Matarial Prachiction
PR Fr T 11 operitions '
Copacity Purchating
Pl anning

Muke a General Flowchart of the Prudurtht:nicc

Processes

A flowcharn of the pmduct!s:nmc processes {see
Figure 13} serves several purposes:
I. Tt helps in providing that 2l the provesses have been

identified.

" 2. Tt helps in determining if the 1eam really under-

stands the busineas proc:ucs associaled with Lhe
product/zervice,
3, N serves as a model for the subsequent dct'muun of

Lthe information archilecture.

4. )t helps in identifying the processes invol vr.ﬂ n
managing the supporting resgurces.
There should be a box on the flowcharnt for each of

the processes. [l other boxes seem to be required, the

delinition of the progesses should be réexamined. The
flowchart wilt resut (rarn the identificalion of Lthe
abave processes and is not intended to show the -
strategic planning and management control processes.

Wrlte a Description of Exch Process
A member ol the icam should have been maXing notes
on the decisions and activities associaled with cach of
the processes as they were defined by the group.
Although this is a aborjous task, il is absolutely
mandatory if the process descriptions are going to
refiect the knowiedge of the team and the amount of
time that has been spent in defining them. The note-
laking job can be rotaied through the team and net be
# burden on any one individual. The descriplions may
be cither in list form or verbal. )
Completing these deseriplions before moving Tnto
the nex! step will heip bring out the similarities and
differences between these processes and those subse.
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guently identified, One of the advantages of roraling

the note-laking ameang the different members is that

ihe Lask of further delining the processes can now be
assigned 10 mosi of the 1eam members 30 that it may be
accomplished before a descriplion of the supporting
resources i sturted. The final revision of these descrip-
tions v ill probably te¢ included in the appendix Lo the
finul report upon compleiion of the pse study.

The following are examples of process descriplions
{Turther descriptions may be foupd in Appendix L)
Production planning - the activily of planning for and
coordinating matertals, men and machioes in order to
produce the Ninished produrcts necded 1o meed forecast-
ed requirements
« Caparcities and capabilities planning - the process of

balancing preduction need with ability -

v Schedidiag - the scheduling of labor and material
needs to meet production and shipping require-
ments, Also, Lhe seheduling and balancing of the
product mix

e AMaterial r:quirfmfm.r ~the caICulauon of raw
malerial needs te meel a schedule, recogniting

_ aplimum invenlory ievels, aconvmic arder quanii-
ties, substitutions, ele, '

s Casting - es}ablish{ng of standard raw material costs
and product costs on the basis of these and other
munufacturing and adntinistrative cost factors

Purchasing - 1he activities ol acquiring materials,

machinery and supplics of specified quality on a timely

basis at the best price

o Supplier evaluation and selection - Lhe searching for,
evafuzxlion of, and selection of suppliers who meet
requircments lor materials, packapging, machinery,
equipment and delivery at competitive ﬁncl:s
{includes internal s=arch)

* Orider placement and follew-up - the actun? placing

* of purchase orders with approved sepplicrs for
quantities of raw materials as specilicd (may include
raw rnalerial ravijng) by production planning.
cquipment acquisilions approved by management.
eic. (includes release of customer-purchased '
materials)

* Receipir and inspection - the receiving or returning
ol purchased materials, machinery, and supplies,
verifying quaniity and guality, and documenting the
actlivities

Supporting Resource Processes

Describe the Suppurting Resources

A resource is best deseribed as that which o business
CONSIINES O uses in preefing i1s goalt. Thers are four
basic resources thar we deal with: o

v Materials v Facilities

* Muoney = [Personnel

g

While the use of only these four resources should be
adeguate, the inclusion of some ancillary resources
might make il easier for the leam 1o get 3 comprehens
sive lisl of processes. Selection can be made from the

Tallowing list '

* Moarkeiptace (gencral public, pnicnual customers,
nnd custamers)

* Vendors o

» Documented knowledge (designs, specilications, text
material, procedures, patents) '

* Company image (in the slock markel, to the general
public, customers, vendors, employees)

A thargugh examinzizon of 1he activitics and
decisions associaled with these rescurces should result
in the idemification of the rest of the operational
control processes in which the business engages and
which were nai brought cut in the product/services
progesses,

The team should review Lhe facls an resources that

. were gathered and prepared during the preparation for

Lhe BSP study. Before starling to identily the processes,
it is well 1o place a chart on the wall wilth & shont
description or list of the mm ponents of the resource
baing considered.

Identify the Processes in Each Stage of the Life Cyclu
of Each of the Supporting Resources

The resources are taken one al a lime through the four
stages in the same manner a5 the product/sefvice. The
follawing chart is an cxample of the provesses thay
might be associated with 1he resources.

Lils Cywte Ttapem
Aol | Regulrements | Acgulsitlon  [Htewmrdehlp  [Astiramant
Morsy Fingntial Caplinl . |Portlane Accounts
Bl wring peguinidon MR T 1] Pty e
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' plarnjing Tranciny it byrafiia | Rirtirprman 1
Badary Carser
i rtion Givnltpran ||
Mawrial | Raguiramwats  {Puschitlng Invan1ory Chohr
prasation Arcaivng con e con ol
| Moy mmanid
Faclijtian [ Copntel Equipram | blasching Efpulpmant
wulpmant prarches Mgty | oo ton
panning Builefingt Furnltum ang .
manapirent]  lirure




- Consofidation uand Analysis

Group the Processes _

The processes have been identifiéd from the three

sources: kiralegic planning and management conlral

major producl/service; and supporting resources. The

-grouping should ke place aleng the (ollowing lines:

= Reduce inconsistencies in level, In the above
examples of the processes, the process of manufac-
luring and the process of accounts payable appear at
ihe same level, This should be correcied.

» Cambine the processes where commaonalilies ocour.
As an example, purchasing may have been identis
Ncd as a process in the scquisition stage, nol only for
the product bul alse for materials and for lacilities,
Assuming the processes are similar, these should be
combined inlo one process. As Lhe processes were
grouped during the reguirements stage, there may
have zppearcd processes entitled manpower loading,
develop workilow plan, and schedule supply materi-

#ls. These three might be grouped with the manage-

ment control process of operational planning.

A workable muaimum is 60 processes. There will
normally be 4-12 process groups. Some will be associ-
ated with the resoyrees Mrom which they were derived,
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E+ln Oparviion Adminhstion
Territary manageman Garsiral sccountlng
Sethng Conn planning
Adminisiration Budgd secounting
Crrcder dwrvicing

ERngunai g Flnanca

Finsnzis! plmvnkeg
Capdtel wivpuisit] on
Fundh managemen|

Crupn wne gawt lopmant
Frochct spaci hektion melntenancs
Inl ormarion comirol

Froducdion Husgn Rmources
Schachaling Panonns] plenning
Capacity plannbng Fleerualti iy chivs lpeerul il
MEierisk rikguiramenia Cormparaation
Ogaralian

Muiarials Manspamaent Managymant
Furcl_'mlng Businase planning
Arceiving Drganizption Myl
Inwentary controd Raview and control
Shlpping Fisk managanipn |

¥igure 14. Sample lim of processes by process group

The produst/service may resull in 1wo or more groups,
and planning will account for one or two groups.
Figure 14 i3 zn eximple of grouping. Other examples
are shown in Appendix C. -

Chart the Process Groups and Complete Descriptiony

. Each process group and its processes should be lisled

on & chart and displayed flor the whale leam to view,
The team should agree on Lhe placement of cach
process under the process group, as well as the name of

" each, and should have » good undersianding of all of

them. The list should be divided among the (eam
members and the wriling of the descriptions shouid be
completed in line with 1he regrouping. it is 2 good idea -
ta have Lhe descriplians 1yped so thai each leam may
have them for quick reference during subsequent -
aclivities such a3 exccutive interviewing. 1t is also
advisable Lo save the charts for subscguent activities.

Relate the Dusiness Processes 1o the Organlzation
Once the business processes are agreed upon and
described, they can be related (o the organizsiional
structure of the business to help 1he study 1eam idenlifly
any additional people that should be interviewed and |
to funher clasily their understanding of the business
processes. Some leams may wish 1o complete this -
mattix before completing Lhe process descriptions.
Relating the erganizalion 10 the processes also halps | .
the team determing 1he information needed rom the
interviews, such as verificalion of executive involve- -
ment in the processes, '

To relale 1he husiness processes 10 1the organizai:on-
al structure of the business, the ream develops an
organization/process matrix. Essentiully, this isa
graphic representation of ane aspect of the manage-
meni system of the organization because il Nustrates
who makes the decision in each of the processes.

The orgarization/process matrix is one of several
malrives developed as part of the BSP methodotogy, -
Matrices sre used because they provide a conveniznl
method 1o analyze relatienships. They also provide a
concise way o convey findings to management,

To prepare the organizalion/process matrix, the
study team uses the business processes already identi-
fied. Using their knowledge and perspective of Lhe
business and the organization charts from the siudy
preparation phase, Lhe leam members identify the
organizational enlitics invalved in the processes,

Since the B5P study is intended te provide a broad
overview of the business, not every arganizational
entity is identified. Furllermore, common similar
orgapnizalions can somelimes be represented as one
organizational unil. FFar example, 100 sates offices may
be listed as a single unit. 'Where feasible, plants and
labc-!mmrics should alss be grooped into units. One-

2%



unit representation is also generally appropriate when
erganizativns of Jiffercnt scopes are dning the e
job. For example, a financial planning arganization
may have three departments, #ach rucusmg On separats
divisions. The mission of all iheee 15 1l finangial
planning. and they can be represented byLine organiza-
tional unir. Figuse 15 illusizales the organizalion/
proccis malria.

Once the processes and organizational enlitics are
arranged on 1he matrix, the study team completes the
matriz by indicaiing the degree to which each crgani-
zacional entity is invodved in the processes, The
following symbols are used in Fl.ll.lrl: 15 10 indicale the
degree of tnvolvement:

Major respansibility and decision maker

B Major involvement in the process

7} Some involvement in the process

W hen making this notation on Lhe malrix, leave
room for Lhe posiing of sy:lcrm numbers, as explained
in Chapler 8.

Such indicators do not deseribe che nclual responsi-
bilities of each of the orgenizational units but serve
only as a guide to assigned responsibility for and
involvement in a process. Some businesscs have found
this matrix (0 be valuable afler the study as an index to
a managemenl syslem manual, in which they develop
responsihility and activity statements for each of the
arganization/process intersecis.

The organization/process mmalrix hclp: the study
team validate the list of individuals to be interviewed
and delermine the questions Lo be asked of the individ-
uals responsible for the processes. To authenticate the
matrix, each person inlerviewed by the team should be
asked 1o conlirm of correct the portion of the malrix
showing his responsibility or involvement.

The organizalion/process matrix somelimes will
show averlapping responsibility and decision-making
authorily for a process or a lack of decisicn-making
rcs;:ons:htluy for a process where it normally would be
appropriate. Such potentiai problem areas are clarifted
later during the execulive inlerviews,

Identify Processes Key to Busipess Succesy

This slep will tater aid in selecting the area of the
husiness 10 be studicd in more detail (architeciure
priority), sizing the xmporiance of the probiems
identined, and identifying itcma to be siressed in the
execulive interviews, The strategic planning and
managermant contral processes will be some of the
ouisianding processes. One methol of doing this
idendification is 10 rank the objectives in order of their
importance and then determine which of the processes
are most critical in reaching each objective. The
process/organization matrix will uiso cnnlrlhulc Lo this
selection. '

30

‘Outputs and Their Uses

The outpui 10 be expected frem dcﬁmn; the huunm
processes vongists of
I. A ligt of process groups and thelr processcs
2. A typed deseription of each of the proceases
3. A st of the processes key to Lhe success of Lhe
business or designaled as such on the chartsof .
proceas groups and processes .
. Product/scrvices Nowchart .
. Team und erstanding of how ke whole butiness
operates and is managed and controfled
Aj menlioned earlier, business processcy serve a3 the
base far most of the activities thar follow, The ultimate
e of the business processes it ta identify opportunilica
and requiremenis for the use of information systems to
suppon the business. That is alsa one of the basic goals
of the BSP study.

The tcam members should ut all times keep in mind
that they probably will nat all be working oa the
follow-on projects after che BSP study. Thesludy
should be regarded a3 an independent operation &nd
the psocstses defined in such 3 way 1hal any experi-
enced person can regd the culput and understand the
wark that was done in the study, The lollow-on
projects will stan with the oulpue from the study and
further define the proceases, the problems associaled
with each of them, and the information reguiremenly,

L

Expansions and Y ariations in Approach .
Although following the above pyocedure should result
in well-defined processes and supporting material,
olher considerations and variations are worth mentica.
ing. The more salient of these nre covered in the
remainder of this chapter.

Di v;riiry in Business, Product, or Service | 1
If the varjous divitions of parts of the company or the
product/services are too diversifled o have common
processes, & ;muplng will be necessary before process
identificalion is begun. When all the processes are
identified, it is still highly advantageous to Jook for,
processes Lhat might have commeon infofmmation
requirernenty.

Outside Assisrance

Even Lhough the team members were selscted with the
aim of having their combined knowledge caver the
enlire business unit, there may be voida in thal ¢over-
age. If 5o, the team shoyld get ouiside help where
necessary for a thorough undersianding of the process.
gs. Care should be taken, however, (0 limil the time of
any outsider invited i and 10 keep that person at the
level at which the team has been working on other
processcs,
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Alternate Alethody in Tdentifying Business
Processes )

Predefined checklisis of processey may be used for the
btisiness being atudivd, These may be found in the

appendix, other usk studies, trade publicalions, of 1oKe .

industry publivations such ps the Consumer Based
Toformation Sysem (CpISi or the Communicstions
Oriented Produciion Infermation Control System
(oPies). I this mettund is used, cire should be exer-
cised 50 thal the processes are well undersiood by all
the team members und do indeed represent the activi
ties and decisions of 1he buainess being studied,

L] a

Generic Process Model

An ahernate approach in identifying busincss processes .

15 10 use a simple movel of the business such as shown
in Figure 16,

‘The model may be expanded to fit the busmcu. For

instunce, “demand” muy become “merchandising™ and
“selling,” while “supply” might break into “produc
devclopment™ and “manufacturing.” Thc follawing
frther explains the model;

L

2

Supplr includes processes associated wuh producing
the product apd ablaining the resources necessary o
provide the products or services of the business.
These processes normally relate to exiernal interfae-
s such us supplicrs or vendors,

. Demand includes processes associaled with making

the product ar service available and relaes dirsctly
lo external interfaces such as custoniers or clients.

MmIOImpeDo-HmiZO

1. Requirements includes processes nssociated with
- determining and delining che products of services of

the business. These processes normally involve 1he
markctplace and other envitonmentai factors,
Adiinixtratfon includes processes associated with the
overall accountability of the business. These nor-
mally invalve reporting activitica within the organi-
zation, such as those Jirecily associated with sdmin-
istrition as well &5 those associated with finance,
human resources, and favilities management,
Management includes processes that tie 1ogether the
other four aspects of the business. This aspect
encompasses the planning, contrel, and measure-
menl activities of the businens.

Mashntolacy/Ervi ronmant

O O
O ~C
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“Flgure 16 Dusiness process matrix



- Chapter 7. Defining Data Classes

A data class is & category of Jogically related informa-
tion. Examples of « duta class would be customer,
vendor, product, order, inventory, ele. Since the .
purpose of informaiion sysicms planning it to aid in
menaging the data resource, the data must bo idenli-
fied. Defining the data classes is one appreach to
identilying the data 10 be managed. It also provides

valuable sssistsnce in reducing the possibility thal data .

bases developed for early systems projects wiil require
major rewotk Lo supparn later sysiems projects. Once
the processes thal support the business have been
defined, the neat siep is 1o Wentily the dala created,
contralled, and used by those processes. Asan aid Lo
anglysis, the dala supponing the processes is grouped
into data classes.

Two approachces 10 |d:nuf‘yin; data class candidales
are presenied here, one based an relating dain ig
business entitjes. the other an relaing it to business
procesges. [ is suggested that the two approaches both

. be used and that their resulls be cross-referenced to
arrive at & final [ist of 30 10 60 dats classes. Data
sharing is then Hlustraied by relating the daws clatses te
the processcs that creale and use then.

Bustness Entity Approach -
The fifst approach ta idenlifying data classes is to
txamine cateporics of types of data maintained by a
business. If Lhe iife ¢ycle of resources, previously
discussed, is represented as in Figure 17, the 1ypes of
' data related w each stage of the life cycle can be
defined, '

* Platining dala, which represents objectives or
expeclulions, SUpPPOTLS regif reenis ACtivilies.

Invewsory data, which mainlains the resource siaiug,
supports sewardship activities. Transoction data effects
changes o the inventory dala caused by aeyutsition or
dispasition aclivilies. Al periadic intervals, notmory
data js extracied from the inventory dala 1o provide
feedback on how well reguirements have begn met. IT
each business entity is examined for each of these 1ypes
of daia, a sel of data classes can b identified.

Ensities ace stmply things an organization or enler-

-prise is canceracd abowl and thercfore keeps informa-
tion about, vuch as customers, products, maierials,

. . ARegquirsments N
Menning o | b Y
ity fa"‘ Y N\
-2
2z daty
Acquisition - " Dispesttion
~ i 7
N I e
Trrnupetion \ l 4unuﬂhﬂ
dnte ' ’ daia
N srevwnane
Invaniory data

Figurt 17, Information life-cyche

persannel, ete, Eniities usually.include. bul nre not

limited 10, the resaur¢es argund which the business

processes were defined. o
Since a dala tlass may contain data relevani 1o a

. part of & business entily, an entire business entity. or a

group of related business entities. the firsi step in this
approach is to identify and list the business entitjes. A
minimum starting list can be made by referring to the
resources around which procestes were defined. This,
list can 1hen be expanded wish any other significant
enlitics of the business thal have data related 10 them.
Seven to fifean cntilies are ysually identified,

Nexl, 10 identify the data classes related 10 those -
entilics, 8 matrix is used, with the eniities listed hori-
zonlally and 1the major Lypes of datn dfasses listed

~ verticzlly, Six 1ypes of daia clasy will cover meast

entesprises’ requirements. In Figure 18 the six lypes
are Plans/Models, Siatistical/Summary. [nventory,
and Transaclion. Each entily is examined and the
appropriate data names filled in for each daca class
iype under Lhe entity. [nventory data types are usually
easicsd 10 identify first, as these grethe “master file”
kinds of information. Tramsactions that affect the
inventory data can next be identified, followed by the
summuary and planning 1ypes of data.
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Business Process Approach

The second approach Lo identifying duta classes uses
the previously defined business processes - specifically,
what dain is crealed and/or used by each process. This
spproach involves consiructing ¢ series of (npul.
process-outpul disgrams, one for cach of the 202 60,
processes identifled in Lthe business proceas deflnition
{sce Figure 19).

Cross-Referencing and Regrouping

Uy crosa-analyzing Figures LU and 19 and regrouping
on the basis of commonalitios or inconstsiencies in
level, il s possible 1o compite a manageable list of 30 10
60 dula classes. .
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Figure 19. Inpul-process-ouinut ¢satnples

LT i
Munapeminnt
[ HIIT
Workliow Workllgw
ProduglL i [ 1] ..Iﬂll |1
Nouilngs Y r‘
Mranca
Financ|al i
Sinlg e Anuly gy pererml :;:ITI:?”LW
Product
Erginaring
Froduct . Product el RO LI 18
+ Enplnaer Ing ehangus specifization Blit ol
Faris maptet MBIATINIRCE el
Mpteriaty
Wiaripgamant
M maatial I Furl‘.‘l‘ll.lﬂ
In
v:::‘;rv 'ﬂ"h..iﬂ‘ -ﬁlurdar
. Qrdar
n
Spermiom
Produgt
Curtomer ::xlﬂi erermanily O tinr
Cuslormar reduint
Produst
Open coguirements h
alte ot mainthal Schechuding I :::::M
- Facllichy '
P ran
1 1)
Parsonned Qovernmen|
Empley s Pencing P repory

35



Data Cluss to Process Analysis

The data classes khauld thea be placed on o mutrix

opposite the husineas processes, and the leiters Cand U

shoukl be catered w indicate whivh processcs Creale
the ¢ata and which Use il. Figure 20 shows tifis plot,
with the processes arranged in Ihe life cycle sequence
of the key resource. An this matrix shows how duta is
shared by the processes, it will be used later Lo develap

the informaiion archileciureg,

o
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- Chapter 8. AnnlyzlnglBusiness/ﬁyutnmuiRelatIunshlps e

e rk “

Upta nn:n. the toam hus boan debeloping o now -

peripective of Lhe busincis - learning to look atthe * .. .

buslness in 1erms of business processes and the dais
clasies necessury 10 perform them, Now the team muxt
develop a firm undersianding of how data processing -
currently supports ihe bulness, in order ta develop
recommendalions for fulure action. This section -
deseribes the use of duta gathered and presented ma
part of the /8 raview a8 well as Lhe ergunizalion,
process, and data clusa informalion 0 develop perspec-
s Lives OR;
s /8 suppon of processes. The organixaticn/process
maizlx developed in Chapter 6 iv unnolated 1o

indicale which current sysicms support the business’

processcs.
o Usago of current dain, A system/data flle matrix s

developed 1o [dentify the dain files curreasly inusa

or planned foz use by exisiing syslems.

{A xystem here iy an application or grouping of
teveral applications. ) :

Each of 1hese matrices s deseribed in more detail in
the fallowing pages. Although the matrices provide an
overview of the current and planned dala processing

“suppers of the buiiness, they cannot indicale the exient
of suppion needed or the value of this vupport ta each
of the processes. Such information is obluined later

- durlng the executive interviews, Used in combination,

these matrices are very helpful In providing the team
with » broad overview of current systems and data -

uge,

Understandlng I/S Support of
Processes
In order (o obtaln & business-wide picturs of enlsting
snd planncd data processing support, the sludy leam
may opt to annotale the organization/process matrix
with current systems suppon {Figure 21). The noia-
tions on'this matrix identify which organlzations
involved In the pracesses are recelving application
support. This enables the study leam 1o idenlify;
* Procenses receiving no current systema support
» PBrocenses recelving aysiems support in seme organl-
raliona) unite, bul not all
* Poasible redundant syslemn
Ta crealc the notations, Lhe leam aefigns n number
1o ench-of 1he current sysiems, (hen posts Lhis number
to the spproprisie inlersections on Lhe organization/
process metrix, This may be facilitsied by finsl creat- = -
ing a system/farganization matriz (Figure 22} or &
system/process matrix (Figure 23).
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Identifying Usage of Current Data

The tcam necds 1o understand whal datn is currently
autemated and where, that is. which aystems wiilize
which poriions of the dula, The nexl matri developed
by the siudy 1eam, the syslem/data file matrix {Figure

24), prosides this undersinnding, The systems annolal-

ed in Figure 21 form the vertical axis of this matrix,
while the Jula files, grouped by similarity, form the
harizontul, An X is placed in ¢ach appropriate box 1o
show which data filea support which sysiems,

This mairix sheds more fight on how much data is
thazed by various systems. This, in wuen, helps pumt
oul the need lor a data base approsch 1o provide
* consistency of dula, The information gathered hera
will also be useful lates in d:vcl-:upmg implementation
prioritics,

Summnr}'

+ Sotme lcams (ind it conveniest 1o uae ﬂriuus matrees

#3 communicalions/presentation 1ools, Different
combinations of iwo aof more {Lhose ihat share common
axes) may be 30 used,

. These charts and matrices provide an overview of
the curzent and presently planned date processing
support of 1he business. Such information should be
obinined fram the execulive interviews regarding
problems wilh current data processing suppori and
additionsl needs far informalion, These charts,
logether with the executive interviews, help the sudy
team delermine Lthose aeeas where emphasis should be
applied in developing and enhancing appropriale
information syslems.

Appendix F conuting cxamples of matnices from
other indusiries, :

DATA FILE
§
SYSTEM 13
IREIHER

Cuytonmr Srder Entry

Faw Matorlst treworiary

Finhad Goods (rmvsmiory

I Empleyes
Work in Proces
Open Asguirement

Mgt trine Lsad

Salaz Tortitory

Fagslitina

Fingruchal

Custorrere Order Conteal

Invaicing

Engingering Coniral

Finishod Goods lnveniery

Bills of Mytorim

Paris Invaniory

Purchase Order Contral

Routings

Shop Fieor Coneral

" Capacity Panning

Genaral  polger

Expensy

d Producs Cosling

Oparanmy 51aternenL

Acconis Aecrivaie

Accoonis Payable

ALt Accounilng

Marketnp fnalyiin

Payrall

Figure 24. Syatemsdats fike mattia
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Ch;lplcri9. Determining the Executive Perspective

Literviewing and interview amalysis consume more
timg during the study Han gny otber netiviey because
Uie,executive juterviews are the primary sbouree of
informatich for deiermining the business problem and
mansgement's need for support in overcoming their
problem and/or supparling new opporiunilies.

The interviews «re neH intended Lo gathet dala on
the specilic delnils und eanct form of the infermalion
reguired 1y the interviewees,

specilicnfly, the purpose of the inlervicws is ta:

* Validate the data gaubered, analyzed, and docu-
mented tn matriees and charts

s Diclermine Lhe information needed by individual
eacculives a5 well as their problems and priocities

» (in eaecutive rappert and involvement

+ Deterntine munagement values and quantify
henefils 1o be dedived by modifying or adding
applications,

The 1usks that have 10 be accomplished in order 1o
conduct the interviews jre;

1o Condirnt the list of exccutives 1o be interviewed that -

wits developed during study preparation

* Review the interview schedule 1o be certain it is
practical, and confirm 1l with the intcrviéwees

* Orgunize wall charts in contral room,

* Review the questions that apply to all interviewees,
and Jdevelop individualized questions for cenain
exsCULives, 1% appropriate

. Dowerming the role of siudy team members for each
interview and 1he characteristics of individual
intervicwees

« Conduct the interview itsell

* Prepare a summary of each interview 1o be ap-
proved by the interviewee
This chapier is devoled to w discussion of theze

Lasks.

Cnnf‘rmlng the List of E L‘xecutlves To
Be Interviewed ,
During s5P study preparation the team idenlified the
excculives Lhat should be interviewed, The team most
likely selected managers no more than 1wo levels below
Ihe president. Now. atded by the erganization/process
malrix, the team ¢an confirm ils eariter list of intes-
yvicwoes amd |dr:nl|ﬂr any ther executives Lhat should
b included. '
Two questions can he unswered using this approach:
* What organizations are mvuiud in cach ol the
processes?
* Within those organizations, wha must be inter-
vicwed Lo Jelermine Lhe prablems, objectives, and
reyguirements?

42

Sometimes il is difficuly to assign rfinal responsibilily
for o provess W one specific organizational entity.

- Beveral vrganizations may reach a decision tagether.

In sante cises it &5 peceasary 10 inlerview certain
managers for political reasons: if they don’t have na
opponuany o participate in the ssudy, they may
oppose any recommendations thal result from it. [t
may ulse be advisable Lo interview a partlicular execy-
live simply because other executives of the same level
will be inleryviewed. This decision normally is made by
the executive sponsot. : Coa

Reviewing the Interview Schedule
When the st of executives to be Inlerviewed has been
updated and conlirmed, the study team confirms the
interview schedule. "Inlerview preparation time should
niways be allowed. Experience indicales thal an
effective interview requires 1wo to lour hours, exclud-
ing peeparation. Therefore, only two interviews should
be scheduled for a given day. Normaily, 10 10 20
interviews are conducied during the study, although
this number varies greatly with the xize and require-
menis of 1he business.

1t is recommended that higher executives be iater-
viewed last, For one thing, interviewery’ 1echniques .
and procedures improve with praciice, and the team
should be working al ils best before interviewing top
managers. Second, any suspicions or doubts the teatn
may huve aboul information obtained rom the _ﬁrst .
excculives interviewed can be resolved by formulating
specific questions for top management. :

Preparing Questions for Interviews

Before Lhe inlerviews are conducted, the sludy leam

prepares v list of gencral questions that apply 1o all

interviewees. The leam &lso may prepare specific

questions for certain executives, a8 needed. The

following general questions, while furaished onfy ar g

guide, usuully apply to all interviewees:

!, Briefly, what is your area of mpnnuh:l:lﬂ

2, What are its basic objectives?

3, What are the three greatest problems you kave
met in achieving these objectives within the fasy
year?

4, What has prevented your solving them?
5. Whatis needed 1o solve them?
6.  What value (in man-hours saved, dollars saved, or

progrums enhanced) would betler informalion
have in thage areas?

7. In what other areas of your responsibility could
the greatest improvements be realized, given lhe
needed informalion support?



8. What woutd be the vatue of these improvemenis in
man-hours saved, dollars saved, or programs
enhanced?

g, Eiow would you rate yourt information support
with respect 10 adequacy, validily, limeliness,

" eonsislency, cost, and volume?

10. Whal is the most useful information you receive?

11, How are you measured? '

12. How do you measure your subordinates?

13, What other kinds of measurement are you expect-
ed to make? |

14. What Xinds of decisions are you expected Lo
make? ) :

15. Whal major changes are anticipated in your area

" In the next year? Three years?

t6. What do you expect 1o result [rom Lhis study?
What doey it mean 10 you and te the busineas?

7. Do you have any additional thoughis or com-
ments? ) )

The interviewer must understand the purpose of the
gencral questions in order to be sure thal the needed
information is elicited. 1f an interviewse's response
does not provide the information desired, it may mean
that ¢he question should be worded dilferently. Eet’s
examing \he purposes of the general questions and
kinds of responses nceded:

» Queslions 1-2. The inlerviewer esks the executives
what their responsibilitics are because conclusions
drawn from the organization char may not be
correct. Alsg, the objectives that execulives set for
themselves in performing their funclions may have a
large bearing on their information needs.

- * Questions 3-5, When asking about problems, the
team should be sure that the executives do not
indicate only their last problems. Somelimes people
overlook more scrious problems that occurred
months before,

» Questions 7.9, The informalion satisfaction and
needs questions should focus en the additional costs
that may be incurred from inaceurate and uniimely
information. The value of any addittonal informa-
tion desired should also be determined.

* Question 10, The tcam must determine where Lhe
current information support is adequate so that
these benelits are relained, )

* Questions 11-13. The yuestions concerning meas-
urement are intended 1o Jisclose how the effective-
ness of resource allocation and use is measured, A
majof faclor in business success is efficient use of
fESDUICES. )

* Question 14. The question on what decisions are
made is inlended 1o disclose whelher excoutives
receive adeguale information oo which 1o base
them. :

1
¢

* Question 15. The questions on anticipated changes

» are imponant beeause major information systems

* developmenl cycles can lake from two Lo five years
to complete. Recommendations for informalien .

systems development could be impacted by plans o
centralize, decentralize, change the organization,
introduce new products, ¢ic.

+ Question 16. The questions regarding expectations
for the usk study may help the siudy team ascenain
how likely management is to accept and implement
the siudy recommendations. :

+ Question 17. Additional thoughts and comments
make an eppropriale way to terminate Lhe inlerview,

Determining Team Member Interview
Rales and Interviewee Characteristics
One of the Lasks'that must be performed when prepar-

. ing for interviewing is (o assign roles for team members

to play during the interviews. There are several faclors
ta consider when making these assignments.

The interview team is deawn solely from study tedm
members and moy include 10M represenlatives. Re-
gardless of the number of pecple on the study team,
there are usually oo more than four aclive team
members present al any particular interview,

A piven team member need not play the same role
in each interview. Furthermore, some members are
usually assigned 1o more than ene role in an interview. .
The following rolcs should be filled: T
* Anindividual to present the study objectives and

&pproach (o the interviewee. This person mey have

another rele in the interview as well,

* AN interviewsr,
+ A backupinterviewer to lsten carefully lothe
proceedings to make sure that all guestions ore

asked and that all answers are understood. The

backup interviewer asks any addilional questions

necessary. oo
* Somecone 1o take notes during the inlerview and

have ithem organized, typed, and presented to the

interviewee afterwards for approval,

+ A supplementary note-laker if the situation requires,

Sometimes |he interviewee is 8 member of a deparl-
menl in which a team member serves, Because of the
pessible sensitivity of some of the information. it may
not be advisable for that team member 1o be an
interviewer during thal session. Perhaps the individual
should not even be present. Similarly, if there are any
persanalily clushes belween an interviewee and a
panicular team member, that team member should
probably nol be presented at the sessian,

I detgrmining wha will serve in whai roles, consid-
eralion should be given 1o individual abnilities. Some
people are better speakers than others; some are fast
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ind scurule note-takers, ‘The inlerviewer for nny
sesson shoukl be chosen for knowledge of the aren of
the Luniness to be investiguted nnd for abitily 1o
achicve rapport with the inlerviewce.

Belore coch jntcrview seasion, the study jeam should
mecl tg discuss various matters 1hat are specilic ta that
inerview, The reaponsibillty of individual team -
menibers during the interviow has nlready been
covered, The study team should alyo revigw:
Bockground of the interviewee
Responnidilities of the Interviewes
Process in which the interviewee is invalved
Date processing supporl provided 1o the

inlerviewee's area of respanalbility
» Specific quesiions to ask 1he {nterviewes, which may
be based on prior inlerviews with other executlves

- A B B

Conducting Interviews

The beat bocution for interviews {n the study control

rom, where interruptions ure least likely and where

1he mulrives and charls can be displayed on the wally
for reference. If the coniral room fy close to executive
offices, it stheutd be convenicnl for the interviewees

The foliowing sequence of activiites will normally
iranspire after the intervicewes arrives and hos been
introduced Lo the interview leatn!

* The interviewee showld be walked through the wall
churty by the interviewer und he should be asked to
validase the dala on the charts. Theré should be
agreement belween the interviewee and the study
leam on the business process definitions and their
relation 1o 1he organizational entities, particularly
within the interviewee's area of the business. Make
changes 1o the wall charts if necessary, {See Appen-
dix Q.)

« The interviewee it sealed yo that he can see the wall
charis during the interview. This should make the
inlerviewee more comforiable and thus enhance
support.

* All the genernl questions and any specific questions
previously formulated are asked, Many questions
are likely to arise in the caurse of the inlerview and
these ure ulso asked,

As indicared befare, the Interviewer oflen necds 1o
ask mare guestions than were prepared. It B impossi-
ble 1o predict all the possible responses thal an exeey-
tive migh) offer. From statements made duzing the
interview, new questions are bound to arise. Furthers .
more, guestions ofien must be formulated or restaled
during the interview to ehicit (he exacl information
needed. This is particalarly wrue when trying 1o secure
value statements that can be quaniificd, especialty
when discussing intangibies,

" Folluwing arc some technigues that can be used to
prumplan interviewee 10 £xpress values quantifiably:
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"« Huvathe Inlerviewee exprosa p potential benelii s &

percentage.

o |lave the interviewee express a polentlal deneflt in
terins of a range - far example, & uvin; ol §200,000
1o $400,000.

e If{heinlervicwee givea an :xuptim:lly hi,;h value

that might not be nccepiable to ether monager,

suggesl using 30 percent of that Mgire.

s nu parilcular operational nres, cito n well. knowa
indymiry avernge,

» Determina tho company's present potition in the
industry pnd ask what |t would h: worthtobe lna,
stronger patliion,

+ Employ in-Jepth logical questioning. If the valus of
A particular benefit cannot be quantified by the
interviewee, Iry Lo break down the varioua costs of
nat having the benellt,

s Deiermine the obfeciives againal which the execy-
tive [s meagured and what it would be worth 10
achieve those objectives. |

+ Determine whai the campany s currently spending,
what the forecasis are, and how theye spending
levels would be alfected il a certailn capability weie

.available,

The interviewer must be sensitive (¢ the reaponses of
the execulive in order to probe mare deeply inlo zny
subject urem when appropriate. Team members should
be attentive 1o the executive's 1one of voice and facial
expressions, which nre uﬂen # key lo underlying .
feelings.

Preparing Interview Summaries .

The study 1eam should keep current with the decumen-
tation of the interviews, Immediately afler the inter-
view hus been concluded, the two sludy team members
who were laking notes during the interview shauld pull
the notes together and have them summarized and
iyped.

Summaries should be farmatted so that problem
staiements and key points appear in separate para-
graphs. Each problem stalement and key point can.
then be easily exiracted for later analytical work, The
summaries are reviewed by the tekm leader, then
presented to the interviewee for approval. The inter-
viewees should approve and retumn Lhem 1o the study
leam within two dayy afler the interview so that all
tcam memben can keep informed, Copies should be

- given 1o ail the Lleam membery and one copy liled as the

olficial study 1cam document,

In addilion, any changes resulting from the inters
view should be posted to the wall charts te keep them
as accurale as pessible.

As the inlerview summarics are returned, the study
leam members can begin to assess Lhe business prob-
lems and/or oppertunities {see Chapter 10}



Chapter 10, Assessing Business Problems anti_ )

Bencfits

The reduction and use of data obtained dering the nsp
inlerview process is extremely imperiant. This chapier
presents a structured and preven proceduse (o orgaaize
interview data and provide a useful formai for later use
in delermining information architeclure and priorities,
Figure 25 presents a logical flowchan of the data '
reduction procedure and is keyed to the text by stiep p

number. ;
. -
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Figure 15. Data reduction weps

Step [: Summarize Interview Data
The team s¢lecis oul of cach sci of interview notes
(1} the problems, {2) solutions (if given), (3) value
stalements - Lungible or intangible - if given, (4) the
processes impacted, and (5) the processes causing che
problems. .

Problems as stated by (he businessman may be
“perceived problems” {thal is. perceived from the
impact they make on a particular process) or they may
be actual rool-cause problems. “Perceived problems™
ere necessarily the starling point far probklem assess-
ment in KSP. A perceived problem is something a
businessman sces as a problem: 11 may urn out to be n
real problem, an incempleie version of a real problem,
Or just a symptom of une,

It Drder to assess problems objectively, therefore,
perccived problems must Girss be traced back to root
causes and forward 1o ¢nd-clTects. The loss represent-

ed by cach end-¢ffect may then be quanlificd aa far as
possible, and the relalive conlribulions of rool causes o
that loss may be assessed.

Figure 26 illustrales the worksheel 1o be used i in this
step. The leam, as & unil, then considers the individual
aralyses and drafls & compaosite List of problems, -
solutions and values, The leam must take care to sclect
only siated problems and not implied problems. . If the
team decides that an implicd problem is of A magni-
tude and imponance that it should be further ¢lanfied,
commuenication with the interviewee on a formal or
informal hasis should be undenaken in order 1o |
cstablish 1he specifics and/or magnitude of the
*implied problem.” If the communication establishes
additione| significant dala not in the original noles, it
must be added as an addendum to the validaied
un’;inal netes with reference 10 the (ollow-on commu-

" nications. A copy of the addendum must be l‘umrd:d
- 1o the inlerviewee for his validation.

The eatire cumposite list should now be typed with -
double spacing belween cnirics. Each entry must be
code-connected Lo the original interviewce. Assigning
& number or letter or combination of samé 1o each -

- interviewee allaws his ideatity code 1o be atlached (o

each entry, while maintaining confidentiality.

: Stel; 2: Classify Interview Data

" Using the intervisw notes and worksheets, the team - 1

now examines cach line cniry and establishes whether
il is in the catcgory of:
b. 175 problems/solutions and valees (existing sysiems)
2. 175 needs and values (no sysiem cxists) -
3. Non-1/5 problems .
Sometimes a problem will have both an organiza-
tional solution and an i/s solution. Example; “There -
is m pecd for better marketing research information.”
This may require thal a res¢arch group be established
1o gather information and 2n information system be
developed Lo store and manipulate the information. Al
the cnd of step 2, the line eatries extracted from the |

_interview precess should be in the three r.al:gon:s

named above.

At is critical a1 this point that the “non-Iss pmblcms
be logically grouped, stripped of all identily, and very
carefully handled. 11 is not the mission of the 8sP study

_ team 1o solve the non-1ss problems, However, the

information obiained in the interview processes, which
relates to Lhese problems, is impertant and should be.
propecly presented 1o the appropriate individual
{usually the sponsor} for his consideration and appm‘
prialc action.
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Step 3: Relate Data to Processes .
All of those interview entries which were grouped as 1/5 © .
problems/solutions or (/5 needs and values should now

be cul from the worksheet. Example: _ i

K2
Lagk ol effactive Muchanized pro- | Imiprisee profit; Praguction Proguctlon Production .
productign planning [ duction plgnning | improve cukiamer planning
impairt profit-  « relations; improve
shiliLy wervice of wpply ) o,
Next a ﬂjmhan page should be ¢reated for cach 7~ validated interview notes or even the original hand-
business process group and s processes. These should wrilten notes to firmly establish the topic atca and
be arranged around the control room at a level handy background that triggered the intervicw comment
t0 "post” to. Team members then take each ol the {enlry). The need Jor mobility of the item entries
prepared interview catries and stick them onlo the quickly becames obvious during 1his fine-1uning step.

flipchart for the business process thar causes the
problem. 1f possible, 1he entry should be placed within ~ Summary

the process most apprapriate. It is possible 10 group the inderview data entrics in
Dan't worry about being 100 precise on the first several ways. They may be related 10 the causing
“posting.” Additivnal teamwork s required 1o finalize processes or the impacied processes using mairices as
the procedurss. ) Wlusirated in Figure 27 or in other summary lormats ak
When all entrigs have been “posied,” the team appropiiale, This data will pravide valuable perspec-
corcenlriates an one business process al 8 time Lo tive as the team develops recommendations on infor-
ensure Lhat all entrics have been posted 1o the righ mation architecture and systems priofitics.

process. I is narmal to have o ga back o the original
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Chapter 11. Defining Information Architecture

Having acquired an undersianding of the business
provesses and the data reyuired w support them, the
team shouldJ continue its anulysis by determining how
the data will be managed 10 support the processes, The
daly clagses that have been ideatified can be logically
grouped inta data bases. informalion systems then
become Lhe vehicles wsed (o insert data inle and extract
it from dala hases. and formulate useful managenwent
information 10 suppart the business processes,

Busingst
Bl Dt

. bl ormation
Witem

B
In order 1o identify the information systems and
subsystems areas Lo be developed, an infarmation
archiiectire 15 defined, using a diagram thal shows the
relationship of daty 10 sysicms and the processes
_supporled by each. The architecture diagram, then. is
ihe blueprini thal outlines for cach system arca (1) the
data created, controlled and used, {2} the relztionship
of systesn to system, and (3) the systems that suppors a
given process. The architeclure diagram allows us to
lake inlo consideration the dwia requirements of later
subsystems zt the lime of developing cariier subsystems
In order to maaimize sharing of data.

First, the urchitcetuze is developed by evolving
through several ileralions of @ process/data class
matrix. Data flow is then adied 10 the archilecture,
followéd by subsystem identification and analysis of
subsysiems for prerequisites.

+

Developing the Architecture Diagram
‘Begin with the process/data class malsia where the
process axis is in life ¢ycle sequence based upon the
ey resource, as in Figore 28. Nexi, arrange the data
axis by laking a!) data classes created by the lirst |
process and grouping them 1e the lefi, or origin of the
matrix. Group all dala classes created by the second
process nexe 13 those created by the first process and
continue this grouping uni! all data cluzses are coy-
ered. Figure 29 shows Lthe result, with all “creates™

" grouped diagonally fram the matrix erigin 10 1he
oppasite corner.

Althaugh 1he nex; step is somewheal a maiter of
judgment, the object is 10 group the processes and data
into major systems arcas. This can be accomplished by
looking al the process groups and the data created by
them, then boxing in these groupings as in Figure 30.
Where a process group creales no data, the box is
arbilrary. The boxes represent logical subsysiem
groupings with responsibility for ¢reating and main- .
taining specific reluted classes of dawa,
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Data Flow

Where the U fulls guiside a system bax, & means o '
represent data Mow from one system area lo ancther is
desirable. This flow is represented by arrows in Figure

31. The thisd sysiem down uses “Product™ dala

crealed by the second system. The arrow shows data

Row from the second ta the third sysiem, The second

- system uses “Customer™ daia created by the founh

system, sa an arrow indicales this data flow, Figure 32
shows all data [low from system to system represenied

- by one-way arrows. This ligure will be used later for

subsystem identification.
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With dala creation and vse indicated by the boxes
and arrows, the Cs and Us may be eliminated and
names applied 1o the major systems arcas (Figure 33).
While Figure 33 represents the completed information
srchilecture, a final rearrangement of axes and use of
iwa-way arrows allows preparation of a simplified

~ praphic of the architecture. Figure 34 shows such a .

graphic with the same systems. Swch illusirations have
proved useful in management communications regard-

ing Lhe information srchileciure. -
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Subsystem Identification
The first cut at idenlilying subsysiems is again an
arbitrary ¢lassification. Lising the architecture devel

.opmeni diagram such as Figure 30, definc cach C asa._ ...

.create subsystiem. Define each U associzied with &
given process as a single usage subsysiem.

= With this starting poiat. logical combinations

‘and ar splits can be made. Usage subsysiems can be

“combined where use of the data is similar. Where'
-¢reale and usage subsysicms arc highly interdependent,
a cembination may be logical. Where a usage subsys-
‘tern has dissimilar functions included, it can be rplu
into 1wa or more subsystems.,

. When the subsysiems have been identified, a

description of the funciions of cach.(approximarely one
paragraph) should be writien,

Analyzing for Prerequisites

With an autline of suhs:.rslcm: at hand, the (inal step is
a prerequisile analysis, i.e., which subsysiems must be
in place befure others can be created.” By using the
information architecture just developed and the icam's
understanding of Lhe business, Lhe inierdependencies
among subsysiems can be anzlyzed. Once moore, &
matnx can be used te tabulate the resulis of the
prefequisile analysis. The vertical axis of the matrix
should st all subsysiems, while (he horizontal should
list the prerequisiie subsystems (Figure 35). .

PREAEGUISITE
SUBEYETEM

ALL
EVOSYRTEME

Enpinesring twign b4
Decher mpaeilRalion . b 4

Erviinering l-ln
O npaiFination

Oriar stihgy |

Terviiary mmalyals

‘Hil‘.ll of materiel

Foullngn

XXX

odutt dats conrol

Sales snalyniy x "

Em aniry {1 X

b«tim plan eessment X

Figure 35, Prerequivie soboysiem snabyss -

Architecture Use

The information architecture identifies the :y:tcml and
subsysicms with respect 1o the data they create, control
and use, and with respect 10 the business processes they
suppert. The interdependencics have been analyzed a3
a basis for the priontizing and planeing that now lake
place. The information architeciure provides an
excellent foundation for analysis of distributed infor-

" mation sysicms requirements and data base planaing,
‘subjects covered further in Chapier 16. As cach step s

taken in development of (he information systems, the
architeciure provides a blueprint showing where each
picce of Lhe tystem fits and whal its relationship to the
olhcr picces is.
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Chapter 12. Determining Architecture Priorities

The (eam should select and recommend to manage- ). Success .
ment a pertion of the infermation architeciure (0 be Degree of business acceptance

implemented first. The purpose of identifyifig and " » Probabiluy of implemeniation
recommending such a follow-on project is Lo begin * Prerequisiics
irmplementution as eurly as practical. This will estab- * Length of implemenlation
lish a “puy as you go™ foundition for implementation "+ Risk -
el information systems, = Resources avallnble
The aclivity of selecting first subsysiem(s) should 4. Demand '
eely primarily on a value apalysis activity foltowing the + Yalue of existing systems
imcrviews, 1(s purpose is to produce a priocily se- | .+ Relationship with other sysiems
quenc? of subsysiem(s) Lthal were ideatified in the. * Political overtones
information architeciure activity of the sP. Thetasks - ¢ Need '
to be perlformed are: . .
I. Determine selection crileria and document tl'u: : App]y Criteria and List Srstems
technique 10 be used - The major syslems comprising the archilecture can
2. Apply criteria 1o the subsyslems then be analyzed as petential first-subsysiem candi-
3. List subsysiems in priority sequence * "dates and ranked on a scale of 1 10 10 for each of the
4, List dependencies or prujects that are prerequisite 10 - four calegories above, Some lype of pictorial represen-
ihe first subsystems tation can ihen be drawn 1o emphasize the moss nceded
5. Document of describe the rccnmmmdr:d subsystems subsr.stcms. Figure 36 1s an example of this analysis.
Determine Selection Criteria List Prereqmsltes
Since dala is now being treated as a business resouree,  During 1he archilecture development activity, the téam
/s projects should be able to be evaluated by manags-  prepared a matrix 1o identify system prerequisiles
ment in 1he same way olher business projects are {Figure 35}. Once a {irst sysicm has been identified,
cvalualed, Therefore, il is recommended shat the 1eam the team should review that malrix. Anysleps or
use whatcver justification lechnique presently exists projects necessary for successful implementation of the
within the arganization for ¢valualing new projecia, selected fiest system should be sequenced and listed,
This will case decision making as executive manage- This will be necessary far developing a meaningful
ment makes the necessary irade-ofls between, say, - action plan. Prerequisite projects should then be -
developing a new product, expanding a facility, clearly described and their relationship Lo the selected
making an acyuisition, or implementing a magor first system defined.

information system, ) . i
Some of the questions ta be answered in determin- Document Recommended System

ing the first subsysiem(s) are; Finally, the recommended first system {or fiest subsys- .
+ Will the subsysiem provide a slg,ml'u:anl near-lenm 1ems) should be funher documented. The system '
saving and a substanlial long-term return on © should be described in sufTicient detait that the execu
investment? tive can properly evaluate it. The description should
+ Wham will it impact. and how many people will be include an averview of system funclions, major purpas-
involved?- + w8 and processes supported. [ should identify aay few
» Will it lay the groundwork for an initial dala base technajogies and/or specinl skills that need to be
structure for the archilecture?- acquired or developed in order to implement or upcm:
A method of determening logical pnnnlm is to the recommended new syslems. A general descripiion:
group the mujor crileria into our categories: of perceived benefits anticipated should also be -
I. Pawcntial benefus {valuc judgments) included. The recomnmendation, documentation, and
+ Tangibles presentation should be in u format consistent with
+ lnlangibles } standard company practice,
« RUL .
2. lmpact

» Numbecr of organizations and people affected
+« Qualitative effeat
» Effect on accomplishing overall objeclives

58



Because of resource limifations, the definiljon of
more than the very highest priotily systems may be

_impossible initialiy. However, the same method can be
used in making laler selections.’ Alter the implementa-
tion of the firs syslem has been completed, the priori-
{ies of the remaining system should be reassessed. For
examplc, afler the first four systems have been imple-
mentcd, the system initiatly listed fifth may no longer
be at the top of the list because 1he requirements and
problems of 1he business have changed.

» Expansions and Variations

Another method that may be used for priarity xelection

it 1o focus primarily on financial justification. Using

this lechnique, the icam attempts (o focus on tangible
.benefits as provided in the valuc statements during the

cxecutive interviews. This technique, called risk-
_benedit analysis, is described in Appendix H.
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Chapter 13, Reviewing Information Systems

Managemnent

The development and implementation ef4he informa-
tion archilecture cannot be accomplished without
adeguate plaaning, measurement, and contral in the

information systems functions. This chapter deals with

thase activitics required 10 adequately review the
Informaltion Systems Management (15m; lunclion so a3
10 recommend immediate changes and 1o specily 15M
activitics thal are parl of the follaw-on projects, |

The psr study will not encompass alt the 15
functions. The 1sM analysis should be al the level of
the 143 director’s view and should include only ihe
planning and control aspects of the major I#5 processes.
To put 1he tSM activitics into perspective. this chapuer
starts with a definition of 1SM and then goes on to the
abjeciives of the 1sM module in the BSF study,

Purpose of ISM in the BSP Study

The purpose of Information Syslems Management i3 lo
manage the 175 resources for the most ¢[ficient and
¢ffective suppon of the business. The management
sysiem helps provide Lhe condinudus planning, controd,
mcasuremenl, and operadion of the informalion
systems function. An example of the toral specirum of
ISM processes is represented by Appendlx I

ISM as Part of the BSP Study

The objectives of the tsx module are to:

* Siudy the facts relating ta 15M produced in other
modutes of the 857 study . '

* LIndersland the findings and conclusions on 1,8
support of the butineas in relation 1o (SM

# Furiher specify 1/5 chjectives

* Ensure that the first subsyilems selected will be
supparted by the current of planned 15M functions

» Identily those 15M projects that have high priority
and should be follow-on ISM projects

1SAf Inputs
There are actions in other siudy modules prerequisite
to performing Lhe 15M Bctivities in the BSP Hudy
* From study preparation;
" 1/8 mission and th:c!wu
1#5 plans and siralcgics
175 mcasurements
175 nrganization
175 budgels
145 tzgnds (resources, £xpenics) .
/s inventory and localions {equipment, soflware,
systems. personnel)

T

* From determining bustness mequircments;
Description of business ohjectives
1/5 support problems (from exccutive inlervicws) -
Major 15M problems/requirements (rom DP°
director's 1/5 review)

» From determiniag architeclura! priorities:
New technologies and skills required 10 suppon the

- development of Lhe first subsysiem(s)

Flow of Activities in the ISM Module.
Figure 37 gives an overview of (he activilies involved in
the 15SM module, The aclivilies in italics are not parn of -
_this exercise but are included Lo help the reader see”
“wheee 15M fits with the other activities. As noted in the -
figure, the required 1SM changes m:_dcv:}up:d thmu;h
three channels: )
1..1/5 objectives .
2. Information archjtecture
3, Problem analysis

I/5 problems

I15M problems

The changes required by cach of these are then
consalidaled inlo a list for developing 1SM prionities,
which serves a5 inpnt 10 the 1SM portion of the aclign
ptlﬂﬂ resuliing from the BSP study.

Compiling the I/ S Objectives
The 145 aobjeclives are required to provide the (rame- -

_work to provide consistency in the development und

employment of 175 resources in support of the business.
1/5 abjectives must be consistent with the objectives
and management systerns of the business so as to scrve
ars gu:d: for the development of I/S plaas snd nnte-

-gics in the aSP follow-on aclivities,

The current /5 objectives were documenied in lh.-.
a5P study preparation phase and discussed in the 18

.director's presentation.

In delermining the present 175 objeclives to be
modificd and addilional objecuves that should be
defined, the Following list can be used as a guide. The
objectives can be specified by defining the long- “term
view of each of these categories in informalion :y:tcms.
1. 1/5 Personnel -

Organization

Skill mix

Development and tnmm;
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2. 175 Finance

Anproprialions

Lapense budget

Liser budgel for i/8
3. User

Capability ¢

Responsibility
Development
Data management

4. 1r5 Facilitics
Processing sites {data center - user localions)
Equipment '
Soltware
Communiculions netwark
. Applications .
6. Daia . ;

The following is a sample of 155 objeciives I‘nllowmg
this approach:

Personnel

|. Pravide stalT assistance for plaaning and control
1o all Jevels of 145 line managemenl.

2. Centralize major developnient and control
funclions with decentralized operstinns.

3. Develop 15 personnel who are specialises for each
funciton of the business,

i/ter )

t. Provide maximum data processing capability and
dala access o users while mainlaining central
control,

X, Eslablish uscr respansibilicy for informatjon
requirements and validity of 115 outputs dunng
the external design phase.

Following this procedure jn campiling the 145
objectives should result in imphicd changes 1o 1SM.
These changes should be listed and reviewed with the
18 directar and then held for Jater consolidation in the
eslablishing of 18M project priorities. '

A

Ensuring ISM Supports Architectural Priorities
As Figure 37 shows, the architeciural priorilics are a
major input in determining the changes 10 1SM. The
tirst data bases and information systems will probably
require new lechnologies that must be provided and
managed. They may alse require new management
pracuces, For exainple, 4 move (e distributed data
processing may require New practices regarding
{unding, chargeouts, control, and educalion. List these
changes and save Lhem for the conselidation,

" Problem Analysis

Rearrange It S Support Problems by Type

The chird channel lor idemifying 1SM chanpes is
prablem upalysis. The problems that have begn
identified in the pse sludy arc separated imo /s
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sifpon problems and acn-145 prahlems, Although the
175 support problems may have been aligned with
business processes and with data, they should be
rearranged at this time for heteer ¢valuatjon of theie,
solutions thraugh changes (o 1SM. The rearrangement

" should result in the categorizing of the problems by the
_lollowing ISM processes for case of defining and -

implementing changes: strategic planning. mankge- -~
menl control, 145 development, sysizms managemeal,
data adminisiration, and crganization and administra-
tion. Calegorizing the problems by ISM procesics will
also provide direct inpu 1o the follow-on activitics.

- Allgr rearranging the 1/8 support problems by type,
check 10 se¢ that those resulizng from inadequate or
nenexistenl syslems have been addressed by the
propased information architeciore. This may identify
changes to existing systems. Such information would
be given 10 the 175 direcior for appropriate action, The
other problems should be translaied into required ISm
changes. For example, the tnaccessibility ol exisling
data may require a change 1¢ the user funclion, giving
the user direct access to selected data through his
icrminal. This would be in line with the chiective ta.
distribute maore dila processing capability 1o the nieny
and require additional conrels. Afier listing the
required 15M changes, hold them for combining with
the ones resulting From Lhe next step,

Extract [5M Problems from /5 Review !
Duriag the kickefl, the direclor of information systems, -
or his represeniative, gave a revicw of the stalus of
informaticn sysiems in the company. Part of that
re¥iew covered curreat problems in information
systems managemenl.” There is a significant difference
between these probiems and those in the preceding '
paragraph. The 115 suppon proklems may imply
prablems in 136 or may be atiributlable ta other causes,
whereas specific 1ISM problems may be spelled out
during the Iss review. Categorize this seqof prublem:
also by informalion sysiems processes,

Becausc one of the major 8Se objectives is the
development of a long-range information sysiems plan,
it Ehould receive major emphasis during problem i
analysis and it must, of course, be one of the lollow-ons
projects, Ol equal importance with 178 planning is the
subject of dala management. Since data has been
identified as a corporate resource, & major emphasis
musl be pot on its management. This also will b one
of Lthe follow-on projects in 1SM: bouh it and /5 plan.
ning will be elaborated upon more fully in Chapter 16.

Consolidating and Prioritizing 1SM Changes
Consclidate all of the lmplu:d IS changes from the
three spyrees, Develop criteria o be used 1o rank the
15M changes, such as impact, potential benefits, resour-



ces involved, and probability of suecessful implementa-
- tion. Apply weights for each facior and dclermine the
rotal weight and priority associated with each of the
.35M changes. This selection process shoutd paralle]
that used in es:abhshmg the architectural pnnrluc:

De veloping Recommendations and Action Plan
. Although the above activity will give prioritics, do not
establish schedules until this list is combined with
actions required for other follow-on activities. Thg
developing of recommendatians &nd an action pl.an is
covercd m the next chapler.

ISM Outputs of a BSP Study
The foltowing list summarizes the outputs that should
result from the 1SM poruon of the 3sp study. :
|. Findings and conclusions
. Major 15M problem analysis
tsm problems deduced from the I/5 suppont pmh-.
lems
3. 1/5 objectives
1. Definiticn of high-priority ISM projects
First systems suppon Itqmn:menu
Projects addressing major 1SM problems
.Immediale actions recommended
4. Action plan for {nllow-nn pm;ect: gy

e e —— WA A —

Chapter 14, Developing Recommendations and Action Plan :

Specific usp study recommendations may cenler on the
argas of-
i. Infurmation architecture
a. Delailing vhe subsysiemy of 1hc mfarmalmn
netwaork -
b. lalerim imprevements lo r:urrcnt syslems
2. lnformation systems management, including:
a. Data management 1o cenlrol the data resource of
the organization
" b. Information systems planning protess to ensure
that the information archilecture remains respon-
sive 1o changing condilions

c. Measurement and control to provide a system off

procedures, controls and siructure for fulure
implementationy

3. Architecture priorities ~ development of the firsi

syslem 1o be implemented

Far each recommendatios, there tmay be an assoct-
ated project, and for every project an aclion plan
should be developed identifying the key decisions and
aciivities required (v help management provide proper
dircction. The aclion plan should give the project
munager a firm basis for 2 smooth transition from the
stusly work product 1o the panicular praject, The plan
should Jdeseribe the costs, patential benefits, and
schedules for sach project in caough detail thal an
infarmed execplive decision can be made 10 approve or
reject the project.

Fach action plan should include the following:

Scope of project. Describe subject of project, includ-

ing size and purpase,

Deliverabler, List and define each outpul or resuli

expected of the project.

Schedhale, [dentify expected start and concluding

dates as specilically as pus;nblc

Porential benefits. Deseribe anticipated benefils or

reasons for deing the project.

'Peogde and shilfs. Describe manstiag of project in

termis of management s well as siaffing,

Toolt and technigues. Describe any required prac-

tices or methods as s pecifically as possible.

Training. Describe specific oricnlation, educaiion,

and study necessady for successfud execution of the

project.

Convnunications. ldentify coordinalion, lisison,

interface pu:nu or functions as well a3 dﬂcumtnu-

lion requiremests.

Logistict. Define materiel and faeility suppon

necessary and indicate when it is needed,

Coarrol. Deline project control methods and respon-

sibilities as well as review/approval requirements.

The amount of emphasis placed on the recommend-
¢d follow-an projects varies greatly from one organiza-
tion to anpther, Normally, multiple Follow-on projects

. will run concurtently. The number of simultancous
systen projects varies with the needs of the organiza-
tien, the resources and Lime available 1o perform each
project, and other facters,

The compielion of the activilies above enables the
BsP study 1eam o proceed 1o its final aclivilies: prepa-
ration of the study report and presentation of the study -
resilts [0 execulive management. Thorough prepara-
tion of the aclion plans, potenlial benefits, and costs
enables the execulive sponsor 1o evaluate Lhe recom-
mendations. The siudy team can then ask forand |
expect 2 prompi approval of the recommendalions and
& prompt commilment by management to implement
them.

&y



Chapter 15, Reporting Results

Having defined the informetios architeciure, identified
the archileciure prinrities, reviewed and assessed 175
management, and developed recommendalions and 1he
gction plan. the RSP siudy leam i5 ready Lo complete its
mission by preparing the study report and preparing
and delivering an executive presentation. The purpose
of the report and presentation is to obtain further
excculive management commilment and involvement
for lmpl:menlmg recommendations from Lthe asp
study,

The following activilies'are pﬂt‘urmcd in preparing '

the study reporl and execulive pzesenialion:

» Repari putling iy prepared . *
¢ Reporilawnilen .
+ Excculive presenlation medium is determined

» Exccutive presenialion is prepared and delivered

Report Outline
During the initial s1cps of preparing for the study lnd
developing & work plan for conducting the swudy, Lhe
ieam prepared a preliminary report outline. Since the
reporl now malerializing from that autling és 1o be a
censensus of Lthe enuire team, each of its scctions should
be-reviewed by cach of the membezs sg that 1he fina)
document reflects all their comments. ;
The report may be structured in many ways, de-
pending upon precedent and methods of presentation
wilhin the business conducting the study. However, to
assist the team in ils consideration of pertineat arcas,
an exlensive list ¢l apics is presented in Appendix [,
. The most significant findings, conclusions, and
recommendations should be summarized in the first
few pages of the report for the use of lop management.
Supporting details should be included tater and in the
appendices for other members of the organizalion and
for team members who will paniicipate in furure
follow-on activities.

Report Preparation

The prilnary writing responsibility for each of the
sections of the repory was assigned dusing study
preparation. As the siudy progresses, changes, addi-
ticns, and deletions can be made to the preliminary
outline, By the lime the executive interviews have been

complelcd, agreement should have been reached on the

final table of contents, and the individual study team
members shauld have available 1o them maost of the
information reeded te complele their assigned sections.
The study icam leater usually assumes the responsibil-
ity for writing the buck ground and overvicw becavse
much of this material comes directly from the orienta-

" tien information presented (o the team at the kickolf
mecting,

bl

The cenclusions, recommendations, und an action
plan should be reviewed with the executive 1ponsor
before the tcam drafts the final report, Conlroversial
areas or areas of high impact oa the business may be.
reviewed wilh the eascutive involved, to dettrmine
how besl to present the recommendations.

Presentation Medium

The principal factors 1o consider in determining how
the repart should be presented are the type and size of
the audicnce and the sccepted ways of making such a

‘presentation in the particular business environment.

Consultation with the executive sponsor early in the
study 1o obtain his advice on this subject cant be most
helpful in ¢s1ablishing the proper direction.

[f the prescatation iy made 10 a small grovp, easel
flipcharts are adequaie and popular. If the audience
numbers more than a dozen, viewgraphs or slidet
should be considered, If slides are to be used. adequate
lime should be alloued to have them prepared, whe.”
in-house or by an outside vendor.

Executwe Presentation

The exscutive presentation can be developed campl:le-—

ly from material contained in the final drafi of the

report. The principal aims of this presentution are to
inform management of the study's findings, make
recommendations, and secure approval of the aclion
plan.

The presentation should be consise — preferably no -
longer than an hour. [ should be logieal and factual
and shauld end with recommendations for the fallow-
on activities, For example, it pray take the following
form:

I. Intredection . .
Berekground and overview . ,'
Objectives '
Scape
Siudy team

2. Swdy approach

Business and 1/5 review
Business processes
Business/information systems relationships
. Major problem ideatified
. Conclusions and recommendations
Information architeciure and prmrm::
I/5 maragement requircments

5. Action plan for follow-cn prujeﬂ activilles
Deseriplions)

Deliverables

Resouree rcqu:rcm:nt:

Schedules :

A T
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Chapter 16. Overvicw of Follow-On Activities

The #5p study ended with the development of an aciien
plan lor the follow-on sctivities amd a prescatation for
managemenl approval to proceed in the edecution of
that plan. This finsl ehapier ol e Bspe Planning Guide
Bives an overview of the fullow-on activilics and serves
1hiree purposes;
1. Toe relate 1he fullow-on activities to the asp study
2. To show how 1o capilalize on the resulls of the pSP
stundy
3. To lurther ¢xplain the major follow-con projects:
The following section helps in putting the follow-on
activities in perspective and in emphasizing their
importance. 1t also explains how to goi the maximum
usc of the outpul from the B3P study. The latter part of
this chapler aitempts lo give enough of an understand-
ing of the follow-en projects Lo allow for scheduling
them in the actien plan and 1o help preparing for them.

Perspective on Follow-on Activities

Relation af BSP Study to Foliow-on Activities .
The tellow-on aclivities are’a contingation and expan-
sion of the major activities n the BSP study. The major
thrust of the study was eac of understanding, develop-
ing findings and conclusions. and making recommen-
dayons. While the thrust in follow-on projects is still
lo undersiand, preater emphasis is put on detailed
delinitions and plasning.

Thcrc 15 a greae need for communications among the
praject teams if project implementation is to be sug-
cesslul. Therefore, the information systems directar
shoull take overall responsibitity for the projects, since
the tunctions performed during the follow-on activities
arc a part of the 1SM responsibilities. Becavse the
fullow-on activities butld upon the results of and the
infurmatien gathtred in the BSP study, 1here is a need
for conlinuity of team members. Al least onie person
on the BSP siudy leam shoulid have been chosen from
the data processing function, wilk the idea that he
would remain forthe follow-on activilies.

The functions performed by the executive sponsor
for the usp study should be performed by a steering
committee for the follow-on projects, unless therc is a
management committee that will perform them,

Business processes continue 10 be Lhe vehicle for
understanding detailed business requirements and for
Iurther delining the information architecture with
special emphasis on the definition of the first system.

Preparation for Follow-on Activities
Becawse of the varizlions in Lhe findings and conclu-
sions Lhat may resull trons 05P studies, the lollow-on
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activities and the emphasis placed on each ol them wilk
vary [rem one 55 study o anoiher, For purposes of

. this discussion, the [bllowing assumpliohs are made:

1. 15M lunctions must he changed or added Lo provide
n contrelled environmenl for the developmend and -
tmplementation of the information architeciure
identified in the pSp study. A detailed information
systems plan will be develeped thay will reflect these
pianned changés.

2, The information architeclure misl be funher
delined and diala bases identilied. :

3. A firstsysicn has been chesen for develupm:nl and
implementation. .

Orientation of Teams

Defore the beginning of cach of the follow-on projects,
the 145 director should provide orientation for project
team members. Since many of the team members will
not be [amiliar with BSP, its principles and ohjectives
should be summarized. It is very important that
cveryone on Lhe project teams vaderstand exacily how
the 85P study was conrducied and become familiar with
the outpuls so as to be able 10 build upon them.

A review of the DSP study repont for the ascas to be
studied in the fellow-on projects will kelp (o determine
whether team members necd special education,” A
specification of t00ls and echniques may also reveal
the need foe special education. If required, appropriaie
classes can be scheduled on an individual basis. If the
175 direcior was not a member of the BSP stody eam, it
mighl be advisable for him 1o aitend the oM [nforma-
tion Systems Planning courss.

The following is a sample list of {opics for prnjecl
team orientalion:

Introduction by the sponsar

Objectives of Lhe arientation

information systems concepts and perspectives -

Data base concepts '

Overview of the BsP study methodology

Detailed discussion of the Bsp ' sludy

Business enviroament

Objectives

Major processes identified

Major problems

Current 1/5 support for the business =~ .,

Inlerviews

Information architecture

Major findings and ¢conclusions

Recemmendalions :
“Introduction to the follow-on ngtivities

- Relation 1o the BSP stedy

Relation {u the #SP sfudy deliverables



Discussion of deliverables frum the follow-on
aclivilies
Explanation of follow-on prn_;cc:s
Introduction of tools and techniqles
Iniroduction of preparation activities

Aclivilies already performed

Acriivilies 1o be performed by leam members
Intervicwing strategics and selection of mr.crvmwﬂ:s
Use ol matricis
Pilots of forms, tools, lechaiques and inlgrviews
Introduction to (1FQ and its use in the follow-on
projects
Assignment of responsibililies

»Drevelopment of task deseriptions by team members

Explanztion of project control systems T

Information Systems Management

15M is the keysione of ellective support of the business

by information systems. It can be defined as the

management of the information systems resources for
the most efficient und clfeclive support of ihe business,

The impartance of continual emphasis on 15M is

summarized by the following statements:

* Development of the information aschitecture will
{uke place over a period of years.

* Changes Lo business straiegies end plans as well as
1/5 lechnology wiil be continyal during the d:v:lup-
ment of the information architecture,

* The processes of managing 175 wili have 1o be

- refined and changed continually 1o properly plan,
neasure, and conlrol required IS resources.

* The Bsp study is a ane-time effort that should be

" followed by continual 148 planning 1o fully capitalize
on the resulls,

ISM in Perspective

As covered in Chapter 13, the 1sM lollow -on projects

will emanate from {{) requirements L2 support 145

objectives, (2) chunges resuliing from the development

and implemeniation of the first system, and (3) recom-
mended changes Lo solve 148 support prohll..ms and 1M
problems.

From this it is safe to assume that the recommenda-
tans included;

b Emplusis on information systems planning and
conirol and on daty adminisiration, _

2. Some close-in projects, such as the establishment of
# sleernng comnutice and refinements (o project
control, Capacity pl.mning is also a nutoral i'oflow-
on Lo i wsl study since it examines the dana process-
g eapacity and determines whether changes ure
required Lo aceomunudite the architeetaral privrities
or to solve some of the 125 support problems,

3. A major project(s) in 1sa, c.g., establishing an action
Plan (w move w distribuied data processing,

Perbaps the most important action 1o be taken aficr
the BSP study is to decide what person or group of
persons is respensible [or continuing the 145 planning
using Lhe BSP study as 4 base, While the BSF study
culminated in an approved action ptan, the overall
objective of an 15M praject will be 10 develop a long-
range 145 plan thal will direct the design, development,
and implementation of an information archilecture. It
should include sufficient detzil on projects, resources,
and schedules 1o guide all levels of management on
what is to be done, when, and by whom in the organi-
zation. Since the long-range 15 plan is an integra| part
of Lhe business plan and is prepared with full manage-
ment invelvement, it should help to provide that the I.fs
resources of Lhe business will be used 1o effectively
support the business.

Alsc, since data management s a complex area
requirng long lead times, the data adminisirator
should be decided upon as carly as possible so that this
functien can be properly coordinaled.

The imporianee of I/5 planning and data ndmmls-
traljon ¢annot be overemphasized, and they will nearly
always be a pant of the follow-on activity. The aclivi-
tics will nol be explained further here since they are -
covered thoroughly in JBM, GUIGLE SHIAKE, and trade
publications.

Same of the close-in projects should be dene
immediately aiter 1he BSP study recommendalions are
spproved and befare most of 1he follow-on activities
are stanied, The establishment of a sieering commitiee
and a projecl contrel syslem are excelleat examples
since @ stecring commillee should be availabie 1o direst
the follow-on activities and & praject control system
should be in place to help the 145 director adequaltely
control and coordinale the activities.

The major 15M follaw-on project will probably be a
long-range activity such as 45 planning or data sdmin-
istrarion or a combinarion of both. .

Because of 1he size of these projects and their
interactions with ll she 145 processes, it is imporiant 1o
fully understand ail the functions of 1M belore under-
taking 2ny recommended chaage 10 any parl of 15M,
Jjust as il was important to fully undersiand the busi-
ness before starting o fulfill 1he information require- .
ments, Saome mechanism should exist to get the broad
view ol ISM, and v5P can be used as (hat mechanism.
You may treal 145 as a business-within-a-business and
apply ta it the same s techniques thai you have
applicd to the business in which it 1s located,

. Informbtion Systems ay a Business

Many el the activities for perfarming a BSP siudy in the

175 function bave already been accomplished:

* Fauts relating w infonmation syslems wert gdthcr&d '
as part of the study preparation phase,
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* 5% respontsibilities, aclivities, and problems were
identificd by the 178 director duning che kickoff,

* Muany ot the findings and conclusions have alrcady

been put togelber as a result of examtining the 178
facts and the problems.

» A lirst 1M project has been identified and an action !

plan esiablished.
While sorne of these activities will have to be

* eapanded, they make a significant start in understand-

ing the whole 15 function. The following identilies

other steps that should be performed:

I. Delining IsM processes, Appendia [ suggesis the
processes Lthat take place in 13M. This may be used
as a checklist to idenlify the 1SM processes. Other-
wise, you may wish to idealify the informaiion
systemns resources and the activities and decisions
found in their management cycle. The following is a
list af resources ta be considered:

Programs and syslems

Functional modules

Dala bases T

Hardw are fsoftware fcommunications facilitics

User facilities (terminals, languages, dala bases, ete.)

Physicul facilitics

Finance

People
1. Analyzing relationships al‘urgamzauon Processes,
informatien systems, and dala. Thisis an exact
parallel to the development of the matrigzs 10 show
relationships in the business BSP study, except that
the information systems are those that suppont the
178 functions, such as equipment utitizalion systems
and chargeout systems. The dala is that necded to
support these and other systems used (0 manage the
145 funelion.

Inerviewing. The mlcmcwmg in 1SM will normally

be with 1he upper two levels of informalion sysicms

managers, seleclive interactive users, the execulive

1o whom he 15 director repons, and selected

funciional users,

The remaining sieps are the same a3 the 85P ti¢tho-

dolopgy for the business and should be conducted by a

small team led by Lhe individual responsible for 178

planning or another person with a broad responsibility

in 115,

The sp study of the Iys funclion may be done as
part of the 156 lollow-on project, as suggesied. 1t
shouhl also be vonsidered a5 an effon that can be made
cither concurrently with the business 5P study, before
it or immedistely aher It und before the stan gl any
follow-an projecis.

As an activity before the business study, the (/8
sludy provides experience in the methodelogy, ofTery
an vxcellent view of 1/5 as input to the business study,
allows an early slart on 1M projects, and can sarve as s

L™
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selling 100t if some cxecutives are skeptical of the
methodology. 11 musi be recognized 1hat a major
deficiency exists in the understanding of part of the /s
environmend, which in this cusa is the rest of the
husiness,

B5P is sa demanding of a team's time that runmn;
the 1wo studies concurrently will require lwo teams,
closely coordinated. The adied emphasis on ISM may -
detract from the major goal of understanding the
bisiness and may give the entire study 8 much greater
flavor of an 178 project than is desired. The major
advaniage is Lthe ability to relate 145 problemy direcily
to 15M problems and make sound recommendations on
ISM in the action plan and repont of the business psp
study. .
Ideally, 1he 113 study should be done immediately
alter the business siudy, since {1} the required inpuots
are readity available, {23 the momentum will carry over
fram the business siedy, and {3) the besl environment
will exist for corducting 21l the follow-on activities.

L]

Information Architecture
The amount of follow-on ¢ffort required in the archi.
tecture arza depends on the leved of detail in the RSP
study. If the informaltion architeclure wal not com-
pletely defincd as cutlined in Chapter 11, Lthe basic
architeclure deflinition should be completed as the
beginning of a follow-on project.

The architecture refinement o be accomplished inn
follow-on project should include & confirmalion of the
major 145 groupings, 1he subsystem breakout of each
syslem, subsyslem inler rcluuun ant dala flow among
subsystems. e

Several gther activities should be included in the
information architeclure project:

» Examination of current data processing systems to
determine how they can evolve {provided they can
at all} in1o the new systems architeciure '

» Estzblishment of a continuing link belween the
architecture and 1he business plan 10 ensure that the
145 plan will be based upon a viable tnt‘ummnn '
architecture

» Documentation of alt:matw: _nn:h:tcclum that
were tried or investigaled and rejected, wilh the
reasons for rejection '

* Evaluation of the technical implications of the
information architecture, including control systems,
DB/DC requirements, and potential distribution of
both information and systems '

Architecture Refinement
Using the informalion archilecture dafined in the psp
study, a deseription of ¢ach subsystem shauld be
prepared. Each description should include the purpose
of the subsystem, business problems addressed, dara



created and uscd, dependencies on ciher subsystems,
general requirements for implementation, and priorily
ol the subsystem with respect 1o all other subsystems.

Curremt Systems Examination

Fur dula processing sysiems currenily in use or under
development, a carelul examinalion should be con-
dicted 1o delermine how each one redates 1o the
subsystems descnibed in the infermation archilegture.
Fassible modifications 1e current systems should be
documented with respect 1o inlerfacing them o ke
future architeclure, Where modified syslems could be
used in liew of new subsystems, o deseription should be
included in the architecture Jotumentation, For
systems already under development, an evaluation
should be made of possible modifications to make the
develaping sysiem compalibie with the new informa-
Lion archilecture. Analssis should be miude of the
impacl on currcat development schedules versus the
avoidance of medifying Lhe system aficr implemcnia-
fion, keeping in mind present commitments and luture
priorities,

Dara Ruase

[niegrat wo information archilesture definition in the

BSp study were the data classes supporting Lhe business

processes. A logical grauping of relaicd data classes

will yiell the s21 of daia bases that will suPpun the
archileeture implemeniation,

A data base can be defined as 8 nonredundani
collection of interrelated data items processable by one
or mare applications, Somc of the lerms in the delfini-
tien itsgl may need explaining:

+ Nonredindant meaas thay individual data items
appear only once (or at least less frequently than in
nornal file greanizations) in the dula base. .

o Imerrelaied means that the files are construeied wilth
an ordered and planned relationship that zllows

. dala elements Lo be tied 1ogether, even Lthough they

oo may nel necessarily be in the same physical reeord.

* Processable by one or more gpplicarions means
sinply that data is shared aod used by several
dilferent suhsysieins.

Development of a datz base has somne obyious
benehits. By consolidating files., Lhe user can ablzin
better control of Jala and reduce siorage space and
pracessing time. Equally important are the resuliant
data synelironization and timelingss, Use ol a singie
information source makes progessing more accurate
becuuse all subsystems refer o the sume daca.

A data base system can help uvercome soine of the
coniplexitivs of dala management. 1t can provide
additional data relatinnsbips while minimizing storage
redundancy. Figure 38 illustrates how a data base

syslem can support subsystem needs independently and
currently.

A comparison of the diata base environmem with the
traditional approach (o syslems development and — +
maintenance reveals the advantages of e data base
concept. In the traditional approach, a system is
usually designed, programmed, lested, and then

mplemented as a total enlity. Ets advaniages canaat be

realized by the end user uniil the entire system is
completed. The amount of time invalved can cause
frustration, since business requirements canaot be keps

- Trozen long coouph (0 avoid changes, delays, and false

starts. Also, when dJala or togle changes ore rcquilr:d.
considerable Lesling nlay be necessary 1o deterntine
how the change affects olher programs or sysiems
fuactions.

Hy contrast, Lhe data base approach allows a gradual
transition from cxisting systems 10 onling, trapsaction-
driven sysiems. The data base is created pradually,
willy just a few transactions implemented at a time.
Current dawa base techniques faciliate this Lype of daia
base and system implementation, With gridual
implementation of transaclions, user depacimen!
signofT can he obtained more easily and the user can
enjey Lhe benefits earlier. This ypproach absa helps
averceeme Lthe problem of nat being able {0 freeze
busincss requirements und technological advances
during the development cycle. Changes that must be
made along the way impact individual transzciions e
become new transactions themselves, Changing data
nesds can be accommanduied without affecting pro-
grams that do not wse thad specific area or segment of
the ditta base, Thus. the data base eavironment ¢an be
a beiter way {0 accommodale change, deliver benefits
Lo the user, and conlrol development costs.

Distributed Information Systems )

The gencral purpose of disiributed informaltion sysiems
is to pravide the user with a level of computing re-
source hest sulted o his operational requirements. The
elements thal can be considered for distribution
include hurdware, progran execulion, program
developmenl, and daia. Degree of distribution can
vary from lotally centralized 1o (otally decentralized,

- The infarmation archilceture defined in the Bs# study

can provide a gowd foundation for the additional
planning nevessury o address 178 distribution require-
ments.

1M the infarniation archileciure fotlow-on project is
to add Jisiributed 175 paragielers to the archilecture,

. the praject (wam musl: -

* Thoroughly understund the degres of distribution of
cach clement
+ Undersiand the argaments for and against disiribu-
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tion of the varicus elements

= Be able 10 pul iate perspeclive all the Faciors that

afTect distribution and sharing of daia processing

retources - \

» Appreciate the need for a long-range /5 plan and
for development of a facitities plan to support the 115
plan
Severat of the matrices dcvclopcd in the BSP study

can be very useful in developing the architecture

cxlensions with respect to distribotion, The process
and data flow analysis should be extended ta include
physical localions for syslems 2nd data requirements.,

Locationforganization, location/process and

location/dala matrices should be prepared, A

process/data malrnix for each location (or group of

similar Jocutions) should be prepared with addtiona!
paramcters on the axes to include data use, security,
audilability, data occurrence (all or pastial), activity

volumes, response tequiired, and criticality, Figure 39

shaws this 1ype of matrix |‘ur a manufacturing plant

site.

These additions lo the archilecturai description of
the information systems can then be inpul Lo the
individua! subsystem requirement studies 1o delermine
dewail distributed sysiems requirements. They will alsa
give an ovenull feel for the applicabilily of distributed
systems Lo the information architeciure.

Developing the First System

The B5P team has recommended that a particular
high-priority system be developed and implemented
first. As development of that system begins, carg

. should be 1aken that 1his sysiem is not developed “by

itsefl" The 85k study has sel a certain direction for

implementation of sysiems. This frrst development and

implcmentation must support the business processes
and must;

1. Fit properly into and interface with the other _
{fulure) systems of the overall architecture described
in the BSP study

2. Pravide for proper implemeniation of the appropri-
ate data basc{s)

As described in 1he 1SM section of 1his chapier, these
concurrenl profects must be carefluily managed (15M) to

‘ensure 1hat they icad 10ward an inicgrated whole rather

than perpeludte tsepatalist” or mndalunc apphca-
tions development,

System development is a complex process. [
requires technical expentise, eflfective communicziions,
and skillful handting of cenllicling abjectives of users,
management, and data processing,

Techaical Factors
There is nu doubt 1hat developing information systems
is more complea loday than in the past. Facturs such

as dala security, data inlegrily, dala communicelions,
upld availability of large amoaunts of data, and backup
and recovery requirements complicate the tasks 1hat
must be performed on a project. They also add to
requirements for skilled personnel to perform such 7 -
tasks.

In many arcas technical risks may be reduced by..
incarparating approprizie hardware/software products,
productivily techniques, and procedures. Aninvest- -
ment of time in evaluating existing products 2nd
applying them 10 the recommended system will reap
amptle rewards in a better sysiem implementation.

) Eﬂcﬂwe Communication :
-EfTective communication is indispensable to suceessful

syslem development, which entails Lhe eommunication |
and translation of management and user business
requirements inte achicvable data processing solutions,

Only users can determine the business requirements
of the system to be developed. Their involverment md
continucd participation are, thercfore, essential.

Developers sometimes ry Lo second-guess the needs
of users and (o creale sysiems they believe will do the
job. More often than not, this approach is upsatisfacto-
ry. While the rechnicel aspecis of such a system may be
sound, the real business needs af the organizalion may
not be addzessed or met.

Users and developers need a mulual understanding
of whal is to be done and a commilment Lo their
respective responsibilities. The development process
itself must ensure communication and cummllrncnl
beiween the lwe groups.

Commurications may be greaty facititated by the
use of standardized documentation Lechniques such as
HIPO, struciured walk-throughs, and the like, These
not only reduce misunderstandings but contribute to
increused productivity, which in tumn should speed up
implementation of the system or application. Where
appropriale, such aids should be evaluated, adopied,
and incorporated in the development projeci.

Prioritics and Conflicty

The need to set prienties for conflicting objectives is
crucial. Conflicts can make even simple situations
complex and can causs many senous project l.lJ.lTll'.!u]-
ties.

Even before a project is under way, the new syslem
must compete with the demands of trained personnel to
maintain ald systems. Application develapment )
resources arc in short supply. and expericnced develop-
ment skills may be hard 1o find beeause everybody has

" a backlog ol applications waeiling 10 be developed,

The project manager, therelore, must be qualified
both in project masagement lechnigques and in the
business area (o be supported by Lhe Orst system,
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Ample education, documentiation, and products are The project manager and appropriate team mem:-

available for both. A thorough analysis of support bers should be theroughly prepared in these ansas
should be made and & technical sepport plan thould be | befure 1he start of the project. This should resuli in.
put logether o utilize the educalion, documentation, - effeclive project management, which in tuzn will
and products wherever possible. You should work reduce risks and Optimize the business value of the first
with your (M marketing representalive 1o develop ; implementation. . "
such  plan. -
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1.

ARCHIVOS

Archive : |
Un archivo se.define com;n una coleccién de registros slmi
lares contenidos en loa dls;mavitlvoa de alnmCEnamientolse-

cundario de la computadora.,

Registru

Una coleccibdn de campos relacionados contenlendo objetos-

dato elementales.

Objeto dato '

Tipicamente es representado por un valor el cual ea parte

o, . everile
de la descripcidon de un objeto o un -Saesibe,

1.1.1 Tamano Je fu &m&fgflﬂ@

Grande . Implica una cantldadr mayor de la que una perso-
na pueda manejar por si misma aln con la ayuda
de la computadora. '.Actualmente la cantldad pue
de varizr dependiendo de la complejidad de la -I

Aplicacibn.

Muy grande. Una definiciébn formal ﬁuede ser una base de da-

tos tan grande que el tiempo necesario para ha-

cer una copla es mayor que el [ntervalo entre -



1,

2.

1

laa transacciones necesariag para mantener la Ba

ge de Datos actualizada.

Drggnizaciﬁn de Archlvos

Entrada-Sallda

Computaciongs en la Basge de Datos -

Siguiendo la terminologia de Tsichritzle ’

El termino computacibén se usa para denotar una seccibn de .
una apllcaci&r.x la cual manipula la Base de Datcs. La mayo-
ria de lag computaciones las cuales son usadas para manipu

lar una coleccién de datoa son conceptualmente saimples. -

Reconocemosa cuatro clases de computaciones relacionadaa -

con las Bases de Datos.

1. La Construccién de la Coleccién de Datos
2. La Actualizacibn de loe dementos da*’b en una coleccibn

de datos.

3. La Recuperacién de Datos de una coleccién de Datos.
4. La Reduceidn de gran cantidad de Datos a una forma .

usable,

Procesos

El Sistema Operativo el cual organiza etitinerario-pata la -



1.

1,

2.

2

@

ejecucién de la computacién solicitada por el usuario pue
de descomponer la computacibén en un nimero de proceaos

distintoa. . ' ' r
t')'"J

v

Proceso Ed la unidad cﬂmputaclumlvque ‘maneja el alsfg

ma operatlvo.

Secclones de Procesos

Un progeso puede ger descompuesto en un nlimero de gec

. clones.

Seccién, Una seccién es una colecclén de pasos de un pro L

grama durante los cuales el asistema operativo no se tiene

que preocupar acerca de el proceso.

M .
Una seceién del proceso la cual presenta Yleracciones poten

ciales es conocida como una seccibn critica.

Una vision Jerfrquica de los Datoa

Conceptoa

Informacién
Hechos y Descrlpeilén Sujeto de
Datos Estructurados . - Estudlo

Representaciones de Datos
Bits y Bytes Estructurados
Hardware de Almacenariento blts y bytes



Practlea Actual

Un programa de archivos

Contrel del Siatema Operatlvo

Degcripelones o 1 ) '

En orden para permitlr la implantacién :,r ugc de un als-

tema por un nmero de.personas mlguna documentacibn de

be exlatir para deacrlbir tante el aspecto estbtlab, la es_
tructura de la Baae de Datos como el aspecto procedural,
lag computaninnés las cuales.llevan a cabo las transforma

cionea de Datos.

Una fotografis de loa datoa en terminos de archivos, re-

glatros, campes y la relacidn entre los elementos dato con

" tenidos en estos elementos es aproplado para el aspecto es

thtico,

La descripcién procedural puede ser dada como una férmuy
la, una descripciébn de secciones de programa a ser ejecu-

tadag, 0 un diagrama de flujo. Debido a los problemas de

" comunicacibén que ae presentan en.loa equipos de programa

elén y que a la fecha no hay métodos formales para veri-

ficar completamente la correcclén para proceaos de ilnte-



®

racclén. Nosotros por ianto preferimoa descripciones de
talladas de loa datos estfticos para el desarrollo de Baseg

*

de Datocs.

Descripelones Estiticas contra Descripeclones Procedurales

Los agpectoa proc;eduraIEE y eatéticos frecuentemente ocu-
rren juntos cuando describimos archives. Para muchos -
problemas sencillos de preocesamiento dl:! Datos, sin embar
go no es necesarlo ninguna deascripcion de proceso. En
aquellos casos en gque el proceso de computacibn es deserl |
to indirectamente proveyendo dos fotograflas del archivo, es
pecificando la forma y contenido antes y -::lespué.s 'de la compu -
tacidn. Este método tamblén es apllcable a el mav[mlen;n de
datos entre dosa archivos o ba..aea de dates separadas, El pro
gramador usa lasl Tablas de antes y después para escribir el
cbdigo. Presciadir de la codlficacién por completo en la in
tensiba de los generadores de reportes, los cuales aceptan la

definicibn de los archivos de entrada y la descripclén de los

repories de salida.

En otros cagos uno puede encontrar que la organizacion de loa
datos esta impllcitamente deflnlda por un listado de los pasos

de el procesc gue pone los datogs en la Base de Datoa. Mucho



©

an@lla ls es necesario cuando nuevos programas desean acce
szr leos datos que solo han sldo deflnldosl prﬂ::eduralmente.
Ias dosg elecclones accesibles eatin implicitas en la existen
cia de dos termina.s para la descripcidn de lag estructuras de
almacenamiento: organizacién de archlvos frente a métodos

de acceso.

Elementos dato esf:ecl.ales, descrltos y mantenidos en la B_g._
se de Datos pueden ser usados ﬁara controlar la dinimica del
programa. Un elémento dato de una Base de Datos puede es
tablecer que un archhrol particular han sido completamente’
actualizado por una cor_nputacif_m. Tal Informacién puede ser
usada para g‘arantizar la correcta secuencia de ejecucif_m de
programas fgue comparten datos. Loa elementos datlos man-
tenidoa en cada registro pueden especificar que clertos regis
tros ain no han sido ﬁctualizadﬂ-a. poglbiemente 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; otroa procesos no deben ser impedidos
_a menos que ellos requieran unc de los registros que no se -

han actualizado, Noa referlmos s log datos que no se han me
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tido a la Base de Datos pero gque describen el estado de
la Base de Datos para el control de las computaclonea co '

mo datos de control.’

Vemoa que hay una relaclbn eatre la calidad o le completa
de nuestra descripcibn de loa datea y nuestrs habllidad para
especificar lag aecciones de el programa los cualea ae com

blnan para formar computaclones de proceso de datos.

Ligado
Tiempo de Ligado

Clasgificacibn de Sistemas Operativos
Los siatemaa‘operatlvos proveen una gran varledad de ser

vicios los cuales loe principales pueden clazsglficarae como:

Secuenciamiento de Procesos
Soporte del Slstema de Archivos
Soporte de Entrada-Salida

Mediclén de Usa

J.ae, Sistemas de archivaos Méluyen programas para mantener di

rectorios de archivos y garantizar su seguridad a largoe -

plazo y programas invocados por el usuario para accesar,

L]
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1.

1.7.1

7.2

7.3

&

esto ea, leer y escriblr los archivoa durante las tareas

computacipnales.

Procegamliento Batch

Multiprogramacibn

-Procesamiento de Tranascclones

4

El enfoque més Ilmportante de Slatema D]::lera.tlvo para Ba-
se¢ de Datos Interactivas es llamade pr;casamienta de tran
saccionea. Este inétodo asume que lag computaclones son
naturalmente pequefas en termincd de espaclo y tlempo.
El Software del sistema de Base de Datos se agpume eata
siempre nccesible, de manera que lag computaciones de
ios usuarioa conalsten princlpalmente de llamadas a 1a Ba
se de Datos para lectura y eacr:.Lljura, ¥ una cantildad liml
tada de computacibn légica ¥y numérica. Tal computaclén
es llamada una transaccibn, "Las transacclones son lnlcia
das tan rdpido como es posible degpués que el usuaric la

golicita y se lesa permite correr tanto como sea necesario

- para cumplir los requerunlentos computaclonales.

Una transacclién es también formalmente deflnida como una

computacibn la cﬁal, despuée de completarse, deja la Base
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1.9

’ @
de Datos en un estado hlen deflnido, o al menos en un es

tado no peor que antes. Una falla durante la transaccidn

requlere que la Base de Datos sea restaurada a q'u eatado

original, Sl dnlcamente transacclones blen compoertadas

operan en la Baskt de Dates, la Integrldad de la Base de

Datos slempre-es mantenlda.

En un medio ambiente orlentade a transacclones general-
mente ge ejerce un control cercano sobre laa computaclo
nes para prevenir que una computaclén defectuosa atore

tode el alatema.

Aplicaclones

Reviaidn



)

Organizaclén de un Slstema de Archivos Bésleo

3.0 Introduceibn

Las caracteriaticas bdaicas deseadus de sistemas que ‘imi

cenan grandes caatldades de datos son:

+ Acceso répido para recuperacién
€ m?at't%

+ Actuallzacibn coms

+ Economia de almacenamiento

Criterios Secundarlos lmportanteas son:

+ Capacidad para repreaentar estructuras de informa

cidbn del mundo real.’

+ Confiabilidad
+ Proteccibn de privacldad

+ Mantenimiento de Integrldad

El Disenc de Bases de Datos requiere mnilisis para la pre
diceidn del desempefio ¥ m;tn requlere que la organlzaciﬁn. .
de lné archivos sea faclimente abatralda. Todos estos cri-
terios tienden a ser _:unﬂictivns enire st. La elecclén del

método de organizaciébn de archivoe determina la relativa



0)
conveniencia de un sistema de scuerdo con itodos estos crite

“

rics.

El nimero de alternativas poaibles en la u:‘-ganizaci-l.'m de ar
chivos es pranticarﬁente ilimitade. En orden de hacer.el pro
ceso de seleccibn n;anejable, deacriblremos y mediremos -

seis alternativas bésicas de disefio de archivos. La mayor{a
de las estructuras usadas en la practica ya seas o caen en”

una dé estas categorias o puede reducirse a una combinacién
de estos métodos. Los métodoa BEIECCiGﬂ.EdIIJE 8an tambiér; -

razonables en terminos :]e los criterios secundarios,
Los seia tipos bdsicos son:

Pila.

Secuencia
Secuencial Indexado
Indexado |
Directo

Multianilla-

P
Expandiremos la definicién previa de archivo & incluir que no

golo ea un conjunto consistente en registros similares sino -
o

también tiene una organizacién consistente,



Compilaciones

- Cous veeionm o laea, 'dc!t&ﬁu;;a da dﬂf'bi

2- Aefvalitacion e oy eleweurlos G Linga
. avlecevon da ctgl,e

S-A,vewpwmf-. do defos de v olt eeisn de
deGe

‘Y Lo Ceduueedil, de datos B Gromn Cﬁ-‘f-lﬂif‘wfﬂd O Vinea,
| -gmwu- yinble

@ompy?tacalob;x
E/( i \ﬁ J%e,exa&s |

A\\ | Szeeiﬁo%tzs

Sevvieis Aol §)/fearee gperadlvo

] f?wmw:mwtv G"EPMH}S

50{-"1' rfe deot Sisleing. ofp aveltivys | '
Spocte o eutroden Gty |

Alectrecin deuso ‘



;}"’s de Srffbuuc.& "’d"o"ﬂ.h'ﬂ"o!..'

Batetn -
Ao /ﬁpwjmm
/'Mpu @Wrﬁa‘fo
______ ipumw reuto cho. fausuceiomes

aﬁbmwh cfe g S-l['f'm d{z Avfulraq -@h

&mcfemhcaﬁ ?:aswcas dermd.as '

+ Aeeeso. rufm&o poe v?wpzmo“ =
2 Actualituciis, eduuwrwfr_ .
+ Flowonain ofe o eer Beratn lint paa B,

&md‘cws ‘h&m §ecuuolarm

@:tprcid-ad )mu rfﬂr’?fwl‘é(v m“ffue.fvms_
de (nkavwee s do’ wishcly vea! |

1 nggiclb!“c{«&ﬂ{
v feteecion ofe rmadad |
,‘. /wwftwrmfmffb c/e [A.ﬁfﬁgyfaérrc/ .



%mm:‘fws of epruncli ites cﬁzl N

Ewm ofe | %que )

ﬁm,oo de Seek s

t

lu Fonedon toloeroma! T

Capoacidod
Briw del Jloque D
i | 80 200 {1000 | 3veo
Dseo 1330 | FTO K\ 3T 1u (6707H PI6A o gy
BWTKBD . I
1R 9073 |11 gy | 23 7

|




j%;¢55”§f2.547wq'

Bt -]
g = ./&’ﬂﬁ/'ua/ rfe/ J/pg'pe
Z = /{91“7!7‘.#6/ 0’2/ ;pyfffr;a

p1gb

.g_!fz __8_:_3 vavia bl e spauwczd _

€+P

84\# = E"'EZQ | ‘Vu.vtui?lt, Uh':'rauuqd
€+? ~

2 frwams ctel 'unmJtaoQ.o.’ E

Deﬁf)wdlm

. We - 6/ﬁfr

W':WG +Wﬂ'_ .

w* &/Sf"f Qi'{ﬂ

W_ - P*(?*f’)/ﬂ'?r vav - s pawued

W z P+_i%%’_ %v-.lumpa“ed_ |



?S& Ae 1Lmu5?

estia

@

breces ho ote B os
G20 pree SOty vn t”_?'ff'fﬁa e € coreleres
Te = £

7 g

f;m'pg VE?'_MPWM ﬁi’iﬁf‘/fﬂ* & /:J/ﬂ"ﬁ’ve eauyafffb

bee = 8
r

_Jfre::_:_ a_’e fﬂajﬁ?rw&g NS P VL

Efects delos Ga ps g by vefe e b fusude s berecer
E’!lyl’:: éf ..._"g...-

o
7+ | -%4
é’keﬂ» de LO;- g&ﬂ'k‘i‘ & !'.c\ 't‘ca‘Sm oe ‘hd:(ufrfyw&&
§'= {ur
2Y = hy (R-{-w
i )/t

o
)W wri k sé
kTt <§fg =
P Lo A L3

. ——



7 K

= TTT—
(Rew )/t y e

/{"”.-

Cpleo de lo Tusen Ao fraurfzfywm; L3 ¥or

Mbeso seenevcicd o veprleos
vse ' oplrcastec o K
@(em Stewtucnl o blvgves
vie £7 ay ot Aulos xk{ﬂ%uf- 1514

ﬂws iterd
/_ogahrﬁacﬁ » |

fve Vl‘{ '

J

debr/



Aetulreccss, 4 Bogue, ,
Tew =2r B

* -{aﬂ{““’ll?hhﬁu << 9r

D?SE‘F'F%; fe avelay v §
“-_—_—-_-‘-—-_-‘_‘—L J— e

e D utded Lo I LA a4 244 [y resvGrisly e vegs; A g

,7;. - fzwﬁﬂ' m?e:rmmm Fraar v Veyzyﬁp arbiTeny

7., :lewpo WCESHre P ohtarrov ef sgueisfe vegrstio |
rf -" f,‘tm’m f,um._ w&wﬁ-zav & avein o fﬁ*’;#ré&u#ﬁa vvi ?fyyrfm
TV ; ﬁwp i‘um peluctliday tnarebiro Eren 100 2lp the V’,"ﬂi?‘*ﬁ

Tx .; ?'er’/w WIS P yir feetien eraistve el ayeuiv

7;, ° f;W/’D GAQe LSerin) Paiie Fﬂdlﬁblﬂ'&ay‘ el avoly o



'Desmpexﬁu Ao / avelirve Nilen

< B AVl ot de +'.|nu'i-' de atribvtos ew of avelire |
a’ = avwiew prevwRrdio de atnbilys Pov registro

A = g rted pronedio de N deseription ofe’vn atriboto
V - émg’r‘hﬁa' Pmm:d,{.o cfe lu Pr&i&w Jp.( veilor

Emm del (% *'5‘}"0 |

J

R-o (Aved)

T‘ucx.c;, n Vf'ff”’hv et 7k P‘lu\'

on el arolavo

b = auwagv? de }’Luc{w?

/
D feldos = 5 b _
leftzdb.u de blogves /e 3 il
[erv esfe anmagvo A2 blogues <e wwma{wn

fremnpo de 3 poc

saudo s Beveis eia SRSV
w



Oblean ! 19 rle reqns f‘m e v eifu.
- —— _—-_-_'-"q-h——-—...

T‘N:TF‘

I;a':ht:k. N VRV Pi lr_x_

T_I':Si'r*b&{' +T£tw

hatieudo wa fpfe de agregucinees simphbeanios -
Tr=s+5r+£'(é ' \"]

/Q@;twlfl-ba_ wq:cM
To =TF +le +TI
E{wmt P V?fjlf.{"r’?.f

Tn = \¢ *\pw

L—ea fo» ?‘t‘* eowe plefon

TﬁT

"h]?'{)



_fzewfjaul'; ation dle vwa e

_"_"H—-—-_.‘

Ty =(wsa) B Hnvo-d) R
¢ N
ﬂt?u.:.: |
Q= Mm‘kr‘{ +M | )

O=svmen de regttos agrego-dos
Pusedt = it e 'YQ?)‘S“'M fﬂ}trratﬂ.o% '
M = savvneve de reg s tros cetvalitudos

d = u:‘fh*t*“

A = mvmtve de vazistos ooy eados pmeflm'wubi
Vilete = munnrsp de. (t'eg;dws diwmivados
Az aavwiep de W?ﬁi"rrﬂ gve {vtrnn aa’f‘mlilad@g_



_ Deﬁwpm del Arcluye Seeuamn il

_H—

.Z:'mi/{é:l ew g dveltiipe Seeueceeal
TT— —

Cffaﬁ/ﬂ'/fﬁ v avelnve f#wwé‘( |

———

Leoe-ef avetivo owmplr b
Tx=F@ u L
.6!
/Zez)tﬁtéw-iéac;a;




1,

Orden

Nimero de Orden

Clave de Vendedor

Nombre del Vendedor

No. de Cliente

Nombre del Cliente

Fechr Orden

Clave del que toma la Crden
Cantidad Ordenada

Nfimero de Referencia
Descripeibn del Producto

Catélogo de Productes

Nomero de Referencia
Descripeibn del Producto

Llamada & Bodege -

Namero de Referencis

Cantidad Ordenada

Hay Existencia

Fecha esperada por el Embarque
Precio Unitario

Llamada & Vendedor

Prod. que no hay Existencia
N(Om, de Ref, del Prod, Alternativo
Deacripeifén del Prod. Alternativo

Kardex del Cliente

No. de Cliente
Nombre del Cliente
Clave del Vendedor

Orden de Precio

NGamero de Orden
Fecha

Cantidad Ordenada
NGmero de Referencia
Precio Unitario

Fecha de Embarque
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NGmero de Orden
Clave del Vendedor
Nombre del vVendedor
MNo. de Cliente
Nombre del Cliente
Fecha Orden '

Clave del que tomar Orden

Cantidad Ordenada
Namers de Referencia
Descripeibn del Prod.
Hay Existencia

Fecha para Eimnbarque
Precio Unitario

Prod. Alternativo
Descr.Prod. Alternativo
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Directorio de Alumnos del curso:

Del

14

a

1

1.

bt

Hactor Alvarez Camachg
General. Electric de Méaxico,

5.A,

1

283

DCISENO DE BASES DE DATOS

28 de Mayo

de C.V.

via Moreleoa 351 Km.l17.5 Carr.a Larede Av.Tamaulipas 150-302

Cerrg Gordo,Ede. de MExico 55500

569 00 16

Antonio Aranda Pastor
PEMEX

Harina Nal, 436
V.Anzuras

México, D.F.

Jorge 0. Arce Marin
C. I, E.

M. Alemdn 91
Chilpancingo, Gro.
2 21 38

Francisco Barrera Zdrate
Fac. da Eat. Sup. Cuautitlin
Rancheo Almaraz

Cuautitl&n Izcalli

Edo.de Mé&xico

Clara S.Bermudez Ruiz
Shakesgpearc 192-8
Anzures

M. Hygo.

11590 Méxicoe, D.F.
545 50 10

Rodoelfo Bibjiano Nava
PEMEX
Marina Hal.
Mé&xico, P.F.
254 20 44

239

Gilles Boud'hors Leautaud
FPapmas B805-2-9-1

Lomas

M.Hgo,

11000 Mé&xico, D.F.
540 386 66

Ignacio Carbajal Carbajal
IMP

Eje L&zaro Cdrdenas 152
G.A tadero

07730 M&xico, D.F.

567 66 Q0

Condesa
Cuauhtimoo
Mé&xico, D.F.
515 02 13

Sinchez Azcona 1651-B401
Valle
B.Judrez
03100 MéExico,
688 68 48

o.F.

Rancho del Arco 76-103
Los Girasoles
Coyoacéan
04920 MExico,
581 &4 7%

C.F.

Av. Chapultepec 513-%
Julresz
Cuauhtémoc
06600 MExico,
5693 82 91

D.P.

Hidalgo 3% Bdif., B 405
dtzcapotzalco

02000 México, D.¥.

52 38 35

Fernando Ramirez 53
Obrera

Cuauht émoc

06800 México,D.F,
578 52 45



10.

13,

13,

14.

15.

le.

17.

himna Ccontreras Figuerca

PEMEX

Marina Nal. 329
Anzures
Cuauhtémoc
M&xico, D.F.
254 38 14

Jeaguin Corté&s Romero
DECFI

Tacuba 3

Centro

06000 Mé&xico, D.F.
521 40 20

Carlcs A, Diaz Ramire:z
Caga de Bolsa Bursamex
I. la catédlica 43-801
Centrgo

Cuauvhtdmoc

06000 México, D.F,

518 54 20

Jorge Ehrlich Morin

Cfa. de Luz y Fza, del Centro,5.A.

M.Ccampo 171-610
Mé&xico 11310 , D.P.
566 09 21

Gustave A. Erosa Figuearga
TELEVISA, 5.A.
Av,Chapultepec 19-1° Piso
México, D.F.

5BB 48 14

Albarto Espinosa Gonzélez
El Colegio de México
Caming al Ajusco 20
Pedregal de Sta. Teresa
M agdalena Contreras
01000 México, D.F.

568 60 33 Ext.192

Jorga I EvanAvila
UNAM -

Fac. de Ing.

UNAM

Vigtor J. Flores Mastache
Tel&fonces de México, §.A.
Pargue V{a No. 190 Ofi. 950
Cuayhtémoc

México , D.F.

222 52 09

sustavg Garza Salazar
PEMEX

Marina Hal. 329 1Q° Piso Torra
Mé&xico, D.F.

254 38 14

Edif. 70 Ent. B Depto.3Q2
U.Cuitldhuac

Cosmopolita

Azcapotzalco

254 38 14

Ruiseficr 16
Bella Vista
A.Obregdn

Mé]‘(iﬂﬂ: D.F.

Coahuila 92 D
Roma Sur
México,D.F.
564 61 02

Fdo. Gonzflez Roa 41
Satédlite .
Naucalpan, Edo. de MéEx,

AV . Ceracruz 113-203
Condesa

Mé&xigco, D.F.

286 hH& 07

Retorno 3 Legién dol Nte. M 26 Lote

4ta.Secc, U.Ejército de Otc.
Ixtapalapa
iéxice, D.F.

Carrt. México-Xoxh. 141 B-33
La Piedad .

Tlalpdn
México, D.F.
655 66 76

Cte, B No.2506
Col. E.Zapata
G.A.Madero

D7850 México, D.F.
537 16 50

Manuel Gamio 342
Iztapalapa

09460 Néxico, D.F.
674 29 13



18.Carlos R. Gil Levy

PROCESRBAC J.B. la Salle 211
Mérida 318 Panorama
Martinica Leén, Gto.
Ledn, Gto. 37160
37500 Mé&xico 70054

19.Martha E.GSmez Malagdn
El Colegic de México Av. El Cdntaro 11 A 102
Caming al Ajusce 20 Villa Coapa
Pedregal de Sta. Teresa Xochimileo
Magdalena Contreras . 14330 México, D.F.
0l000D MExico, D.F. 53¢ 24 95

568 60 33 Ext.3%6

2G.Francisco Géngora Flores
General Elecric de México, 5.A. de C.V.

via Morelos 351 Alsines No., 64l Hanz 112
Estado de M&xico Villa de las Flores
569 00 16 Coacalco, Edo. de M&xico

915 A74l33R%
21.J.lloe Conzdlez Gomez

asa de Bolsa Madero, S5.A. Vicente Garcfa Torres 75-13
Reforma S0 2° Pisp Barrio la Concepcifn
México, D.F, Coyoacdn

592 20 10 04020 M&xico, D.F.

22 . Jasds . Gonzdlez Urrcoa
General Electric de México, S.A. de C.V.

Av. V¥fa Morelaos 351 Cidnega 24
Cerro Gordo Fracc. Lomas de Capistrano
Estado de M&xico Atizapln de Zaragoza
569 00 16 Edo. de México
358 31 66
23.0ctavio GCarrino Montijo
IMP José M, Bustillos 67 Int.2(1
Eje Central L&zarc Cirdenas 152 Algarin
G.A.Madero Cuauhtdmeoc
567 BG QOO DEEBO MExico, D.F.

24, Antonio Herndndez Navarro

Facultad de Ingenieria Puebla No, 379-5
L AM Roma Sur
Cuauhtémoc

06760 México, D.P.
25.J0sé L. Lemus Lépez

SEDUE ltmbago 79-1
keforma 77-10° Piso Recreo
Tabacalera Atzcapotzalco 02007
México, D.F. México 561 96 6l
544 03 30

26.Roberto Lfpez Fix
TELEVISA,S.A. Lacandones Mz.2 Lote ]
Arcos de Belén Ha. 58-4° Piseo rlziceoligia,Tlalnidn
Cuauhtémoc Ha 06720 ME&xico, D.I.

M&xico, D.F.,



27.

28.

29.

30.

3l.

2.

i3.

34.

5.

36.

Daniel Martiner vililAsSenar
Banco de México

Plaza Degollado 10=7° Piso
Contro

México,DF

585 13 44 Ext. 3l

Julio H, Milla Martfinez
Comisidn de Fomento Minero
Puente Tecamachalco 36
Lomas de Chapultepec
MGKiCD;D.F.

540 34 Q0

Blanca M. Monroy Escamilla
COMEPMEX

Lorenzo Boturini 203

Col. Transito

M&xico, D.F.

7612011 Ext.679

Adolfo Pirez Buitrén
G.Atrio de 5.F¢o. 53-25
Coyoacin

04320 Méxice,D.F.

658 49 74

Ma. Luisa Pfrez Valdespino
El Colegio de México
Camino al Ajusco 20
Pedregal de Sta. Teresa
Magadalena Cont,

01000 México,D.F.

568 60 33 Ext.396

Enrique Primo Mandujano
Coguimbo 792

Lindavista

G.A.Madero

México,D.F,

586 He 29

Gustavo Quintero A.

Miguel &, Quinters Avalos
UhM

Mario G. Ordaz Schroeder
ISS5TE

Subdir. de Ragistro y Vigencia de

Darechos

Plaza de la Repfiblica 6
M&xico,D. ..

566 Bl 49

Lepbards Ramirez Flores
TELEVISA, S.A.
Av.Chapultepec 18
Doctores

ODRTZ2ND ME&xico.D.T.

Pegaso 139

Prade Churubusco
Coyoacdn
Méxigo,D.F.

582 0B 01

Carbajal 7 C Dootc.%
Morelas
Cuauhtémoc

00 M&xico,D.F.
526 16 38

Miguel Negyreteld5

2da. Col. del Periodista
B.Jufirez

03620 Mé&xico, D.F.

332 Do 71l

Altamirano 72-17
San Rafael
Cuauhtémog

06470 Méxice,D.F.
546 92 64

Carpio 129-3
Sta.Ma. la Ribera
México 06400 , D.F.

547 6% 35

Playa Icacos 131 204 p
Col.Marte

Iztacalco

08880 Mé&xico,D.F.

590 10 01

Av.Sur 4 # 288
Oriental
ME&xicao 08500 D.F.



37.

38.

a9,

56,

57.

58.

539,

60.

+1,

FPedrpo Ramfreg Lozano
TELEVISA, S5.A.

Arcos de Belem Ho., 58-4° Piso
Doctores

06720 Mé&xico, D.F,

7 61 78 04

Raymundo 4. Rangel Gutiérrez
Fagultad de Ingenierfa
Profesor T.C.

UNAM

Agqustin Raya Zarco

General Electric de M8x., 5.4,

KEm. 17.5 Carr. Laredo
Ede. de México
R5500 México

269 00 16

Lucic Reyes Barranca
IME

Av.Lizaro Cirdenas 152
G.h.Madero -
07730 Méxice, D.F.

567 66 00 Ext. 20414
José Reyes Andrade
FEMEX

Marina Nal. 329
M&xico, R.F.

254 38 14

Gerardo Reyes Retana Dahl

Secrotarfa de Desarrollo Urbano

Constituyentes 947
Flores de Belén
A.Obregén

México, D.F.

516 31 B8

Guillerme Bfos Coman
Misién de Sto, Domingo 9
Fracgc., Misiocnes
Naucalpan, Edo. de Méx,
53140

562 p3 12

Clemente Rodriguez Barrdn

Blvd. Pto, Acreo No,
Moctezuma 2da.
M&xico, D,F.
T84 33 30

Calz.
Edif.B depto. 34
Ccl. la Piedad NHuipulco
Tlalpén
México, D.F.
de 5.R.L.
Uxmal 127
Narvarte
B.Juérez
03020 M&xico, D.F.
519 21 38

Amatista 35
Estrella
G.A.Hadero

67810 {l&xico,D.F,
759 20 45

Caming Real a Tetepan 137 B

A.Obregén
01700 México, D.F.
595 84 96

Universidad Nacional Autdénoma de México

UNAM
México, D.F.
550 52 1% Ext.3404

Sergio J. Rodrfiguez Bejarano
Av.Marina Nal, 329

PEMEX

México, D.F.

250 26 1) Ext.22564

Constitucidn do 1917
José Rdz. Gglz. ©
Iztapalapa

06960 M&xico, D.F.
£91 OB 48

Jardin 3 E4dif. D MNo.102
Naucalpan de Juiroez
Edo. de MbGx.

358 40 87

J65=202
Seceidn V.Carranza

MEx.-Xochimilco 161

691 08 {8



6l.

62.

3.

64,

£5.

66.

Mario Redriguez Gardufio
SEDUE

Reforma 77

México, D.F.

591 18 &%

José& M, Saldafna Lobera
DECFI

"Tacuba 5

Mé&xico, D.P.
521 40 20

Enrigue S&nchez Estrada
PEMEX

Marina Nal., 329

México, D.F.

254 20 44 Lxt. 5018

Jos& R, Valdivieso Rosado
Cfa. de Luz y Fza. del Centro, S5.A.

M. Ocampo 171-€10
México, D.F.
h&& 05 21

Salom&dn Vargas S50to

Inst.de Relaciones Culturales, S.C..

Gabrial Mancera 1416
Valle

México, D.F.

03100 C.E.

575 52 01

Silvino Vdzguez Arrollo
TELMEX, S$.A.

Calle Kimbila M. 110 Lote 5

Col. Lomas de Padierna
Tlalpdn
14240 Mé&xico, D.F.

Sassoferrato 57
Alfonso XIII

06014 Mé&xico, D.F.
563 57 82

Viveros de Atizapdn 76
Viveros de la Loma

Tlalnepantla, Edo. de Méx.

397 04 59 '

Dr. Atl 255-32
Sta. Ma. la Ribera
Mé&xico, D.F.

c.Ote., 217 & % 19
hgricola Oriental
Iztacalco

08500 Mé&xico, D.F.





